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Editorial l 


Subacute Bacterial Endocarditis: Optimal 


Duration of Treatment 


-~ A FTER a dozen years’ experience with anti- 
A biotic therapy of subacute bacterial 
endocarditis certain points have been 
established: (1) Penicillin is usually much more 
effective than other antibiotics. (2) Moderately 
large doses should be given. (3) The period of 
chemotherapy must be of some length. The aim 
of this editorial is to consider the evidence bear- 
ing on the last point, the optimal duration of 
antibiotic treatment. . 

It may be recalled that when penicillin first 
became available, distribution to physicians in 
the United States was the responsibility of the 
National Research Counci's Committee on 
. Chemotherapy. In view of great demand and 
limited supply, this Committee released penicil- 


lin with the recommendation that specific doses 


be employed. Initially the quantity allocated 
for treatment of a case of bacterial endocarditis 
was 4,200,000 units, to be given either at the 
rate of 300,000 units daily for fourteen days or 
200,000 units daily for twenty-one days. These 
schedules of treatment achieved successful 
results in at least half of the patients treated. 
Soon it became apparent, however, that some 
infections required more intensive therapy; 
consequently, as supplies became more plentiful 
there was a tendency to give larger doses for 
longer periods of time. 

In 1948 Keefer presented to the Association of 
American Physicians an analysis of the results of 
450 cases collected by the Committee on Chemo- 
therapy, together with 26 cases personally ob- 
served.? The following two sentences are taken 


1 Means, M., Harris, W. and FiNL AND, M. The treat- 
ment of subacute bacterial endocarditis with penicillin. 
New England J. Med., 232: 463, 1945. ` 

2 Keerer, C. S., ANDERSON, D. G. and Hewitt, W. L. 


. End results in the treatment of bacterial endocarditis. 


- Tr. A. Am. Physicians, 61: 112, 1948. 


from that report: *It has been demonstrated that 
the largest rumber of patients (75 to 80 per cent) 
recover following an initial course of 500,000 
units of penicillin daily for eight weeks. When 
less than 500,000 units are given daily, and treat- 
ment is continued for less than eight weeks, then 
the relapse rate is high and the number that 
recover is decreased (60 to 70 per cent).” This 
statement undoubtedly has had considerable 
influence on oür practice in the treatment of 
bacterial endocarditis during the succeeding 
years. Many physicians believe that the safest 
course is to continue chemotherapy in all cases 
for six to eight weeks. Finland, in a recent com- 
prehensive review,’ accepts the view that “large 
doses must be given continuously. over long 
periods,” and states further that, “although large 
doses given for short periods have sometimes 
proved effective and have been suggested as a 
useful form of administration, this method has 
also been tried and found wanting in many 
cases.” The evidence cited consists of the reports 
of Hamburger and Stein* and of King et al., 
both of which will be discussed here in some 
detail. 

‘There is no doubt that some cases of subacute 
bacterial endocarditis can be cured by com- 
paratively skort courses of penicillin therapy. On 
various occasions treatment had been discon- 
tinued after only ten to fourteen days for one 
reason or another, yet the infection was found to 

3 FiNLAND, M. Treatment of bacterial endocarditis. 
New England J. Med., 250: 372, 1954. 

* HAMBURGER, M. and STEIN, L. Streptococcus viridans 
subacute bacterial endocarditis. Two week treatment 
schedule with penicillin. J. A. M. A., 149: 542, 1949. 

* Kine, F. H., Scunererson, S. S., Sussman, M. L., 
Janowirz, H. D. and SrorrERMAN, G. H. Prolonged 
moderate dose therapy versus intensive short term 


therapy with penicilin and caronamide in subacute 
bacterial endocarditis. J. Mt. Sinai Hosp., 16: 35, 1949. 
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have been eradicated. In 1949 Hamburger and 
Stein reported their experience with twelve pa- 
tients each of whom had been treated for two 
weeks, 15,000,000 or 16,000,000 units of peni- 
cillin being given daily either by continuous 
intravenous injection or by intermittent intra- 


muscular injection. There were two deaths in the : 


series, neither one due to continuing infection; 
two patients had relapses within one month but 
were successfully retreated according to the same 
schedule; the remaining eight had been cured 
by the first course of treatment. Hunter in 1952 
mentioned five patients, all of whom had re- 
sponded satisfactorily to treatment consisting of 
2,500,000 units of penicillin and 2 gm. of 
streptomycin daily for only ten days. 

Hunter had shown by laboratory experiment 
that streptomycin enhances the bactericidal 
effect of penicillin on enterococcus and on, some 
of the other nonhemolytic streptococci. Robbins 
and Tompsett confirmed the effectiveness of this 
combination in the therapy of enterococcus 
infection.^ Although its value is less certainly 
established in endocarditis caused by other 
_ kinds of streptococci, many clinicians have 
adopted the practice of employing it in all cases 
involving nonhemolytic streptococci. 

Let us now examine the main pieces of 
evidence that have provided the basis for belief 
that long courses of therapy are safest for the 
treatment of all cases. 

1. The conclusion of Keefer and his associates, 
based on analysis of the early cases treated under 
supervision of the Committee on Chemotherapy, 
has already been mentioned. It should be 
noted that the data were obtained during early 
experiences with penicilin when doses were 
small, as measured by present standards, and 
that the combination of streptomycin with 
penicillin was not then being used. 

2. Cates and Christie in 1951 reviewea their 
experiences with more than 400 patients treated 
in Great Britain under the auspices of the 
Medical Research Council.? In early trials an 
experiment to assess the importance of duration 
of treatment was conducted on three groups of 
patients, all of whom received a total dose of 

8 HUNTER, T. H. The treatment of some bacterial 
infections of the heart and pericardium. Bull. New York 
Acad. Med., 28: 213, 1952. 

7 Rospins, W. C. and Tompsetr, R. Treatment of 
enterococcal endocarditis and bacteremia. Am. J. Med., 
10: 278, 1951. 


8 Cates, J. E. and CHRISTIE, R. V. Subacute bacterial 
endocarditis. Quart. J. Med., 20: 93, 1951. - 


5,000,000 units. Those in one group were given 
1,000,000 units daily for only five days; treat- 
ment failed in 83 per cent. Patients in the second 
group received 500,000 units daily for ten days; 
50 per cent were failures. Those in the third 
group received 250,000 units daily for twenty 
days and only 22 per cent were failures. This 
demonstrates clearly the importance of duration 
of therapy in determining outcome; however, 
treatment periods employed in the early trials 
may not be applicable to present-day practice 
because of the small amounts of penicillin given 
and because streptomycin was not being used 
as an adjuvant. 

3. The clinical experiment of King et al.,5 
carried out in 1948, is of great interest and its 
result also has had considerable influence. The 
purpose of the experiment was to determine the 
effectiveness of massive antibiotic therapy given 
for a period of ten days. Eight patients infected 
with organisms sensitive to penicillin were in- 
cluded in the study. Each one received ten rapid 
intravenous injections of 1,000,000 units of 
penicillin at hourly intervals each day; during 
the remainder of the twenty-four hour period 
four additional intramuscular injections of 
1,000,000 units were given. Thus the total 
quantity of penicilin administered to each 
patient was 14,000,000 units per day. In order to 
increase the already high tissue levels of penicil- 
lin, caronamide was given. The results obtained 
were extraordinarily poor; only one of the eight 
patients was cured, yet four of the remaining 
seven later responded satisfactorily to treatment 
consisting of 400,000 to 900,000 units daily for 
five or six weeks. The authors discussed possible 
reasons for the failure of the intensive course of 
therapy and reached the conclusion that the 
short duration of treatment was the principal 
factor. Other writers have agreed.*8 

However, another possibility was mentioned 
by King et al., namely, that the penicillin levels 
obtained may have exceeded the concentration 
which provides for optimal bactericidal effect. 
They refer to Eagle’s preliminary report that 
such a paradoxical “‘zone” effect can be demon- 
strated zn vitro. Eagle has since amplified his 
observations,®:!° and there is some basis for the 

/ 


? EAGLE, H. and MussELMAN, A. D. The rate of bac- 
tericidal action of penicillin in vitro as a function of its 
concentration, and. its paradoxically reduced activity at 
high concentrations against certain organisms. J. Exper. 
Med., 88: 99, 1948. 

10 EAcrE, H. Further observations on the zone phe- 
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belief that this may explain failure of treatment 
in many of the cases under consideration. Eazle 
showed that when the concentration of penicillin 
in a medium is elevated beyond a certain zcne 
the bactericidal effect is sharply curtailed. He 
found also that the diminution of the bactericidal 
effect of too high concentrations persists for 
hours after the organisms have been transferred 
to a medium containing quantities of antibictic 
optimal for bactericidal action. 

Thus these patients might not have benefired 
from the more conventional dosage schedule 
during that part of each day when the intza- 
muscular injections were being given. Also 
noteworthy is the fact that the only patient 
whose infection was eradicated initially was -he 
one harboring the organism most resistant to 
penicillin. The fact that some cases of bacterial 
endocarditis have required treatment with 
doses of penicillin as high as or higher tkan 
14,000,000 units per day does not invalidate this 
hypothesis since in such cases the high doszge 
has only been resorted to after smaller quantities 
have been found ineffective, indicating con- 
siderable resistance on the part of the infecting 
organism. The “zone”? phenomenon has gen- 
erally been regarded as having little clinical 
significance. In the case of bacterial endocarditis, 
however, we are dealing with an infection in 
which such an effect might be anticipated be- 
cause bactericidal action of the chemothe-a- 
peutic agents appears to be all- -important. 

It would appear, then, that we are now justi- 
fied in re-opening the question of necessity Tor 
prolonged antibiotic treatment in all patieats 
with this disease. Some tendency to shorten the 
average course of therapy is already evideat. 
Reports on treatment of bacterial endocard:tis 
from various clinics indicate that discontinuar.ce 
of treatment at the end of twenty-one to thirty 
days is not unusual. Geraci states that fifteen 
selected patients, all with penicillin-sensit-ve 
organisms, were treated for only ten to fourteen 
days with a penicillin-dihydrostreptomycin com- 
bination and satisfactory results were obtainec.!! 


nomenon in the bactericidal action of penicillin. J. Bezi., 
62: 663, 1951, 

1 Geraci, J. E. Antibiotic therapy of bacterial endo- 
carditis. u. Current trends in the treatment of subac ite 
bacterial endocarditis. Minnesota Med., 35: 861, 1952 
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Review of our experience at the New Haven 
Hospital in the past two years, during which the 
penicillin-streptomycin combination was used in 
all cases, reveals that only two of eighteen pa- 
tients were treated for as long as forty-two days, 
therapy being stopped in twenty-one to thirty 
days in fitteen, and after fourteen days in one 


patent. There is no record that relapse of the 


infection occurred in any of these patients. 

It is probable that selection can be made of 
patients who may be expected to respond satis- 
factorily to treatment maintained for only two to 
four weeks. Two principal criteria for such 
classification would be short duration of illness 
and an infecting organism sensitive to penicillin. 
A further indication would be prompt clinical 
improvement after the inception of antibiotic 
treatment. Conversely, there are criteria which 
indicate advisability of prolonged treatment. 
These include: (1) Long duration of illness 
before beginning of therapy; it is generally 
agreed that when symptoms have been present 
for more than two to three months cure by 


chemotherapy is considerably more difficult. 


(2) Infecting organism relatively insensitive to 
penicillin, as in the case of eriterococcus infection. 
(3) Patients without demonstrable bacteremia; 
diagnosis nay be delayed in such cases, and the 
effect of penicillin may be impaired by the fact 
that eolonies of bacteria are situated deep in the 
vegetations, inaccessible to both antibiotics and 
phagocytes. 

The physician who accepts responsibility for 
management of a case of bacterial endocarditis 
must maintain a close follow-up for evidence 
of relapse, particularly during the first month or 
two. A relapse, while certainly not desirable, is 
not necessarily disastrous, as re-treatment may 
yet be successful. ‘There is not much likelihood 
that significant alteration in penicillin-sensitiv- 
ity will occur. In a disease of such gravity 
conservatism is certainlv proper, and all would 
agree that any error should be in the direction of 
overly long treatment. Nevertheless, there are 
grounds for suggesting that in selected cases 
antibiotic therapy can safely be terminated after 
two to four weeks. This would mean consider- 
able saving to the Pose in terms of discomfort 
and expense. 


PAUL B. BEESON, M.D. 


Clinical Studies 


Influence of Gonadal Hormones on Protein- ` 


Lipid Relationships in Human Plasma" 


Evra M. Russ, Howanp A. EDER, M.p.f and Davip P. Barr, M.D. 
with the technical assistance of Julie Raymunt 


New York, New York 


ARLIER studies reported from this labora- 
tory have emphasized the influence of 
sex on protein-lipid relationships in 

human plasma. Using the Cohn protein micro- 
fractionation method, Russ, Eder and Barr! 
have shown that normal young women have a 
relatively greater amount of alpha lipoprotein 
and a correspondingly smaller amount of beta 
- lipoprotein than do normal young men, a dis- 
tinction that is no longer apparent after the 
period of the menopause. This work has since 
been confirmed by others with electrophoretic 
and ultracentrifugal methods.*~4 Jones and his 
associates? have shown that certain lipoproteins 
having a density of S, 10-100 in the ultra- 
centrifuge are in lower concentration in the 
plasma of young women than in that of young 
men. 

These observations are of considerable inter- 
est because of their possible relevance to the 
pathogenesis of atherosclerosis, and particularly 
since it is generally known that in young women 
myocardial infarctions seldom develop.^3 

Investigation of the action of gonadal hor- 
mones which was begun in our laboratory in 
1951 was stimulated by the previous demon- 
stration of sex differences in the distribution of 
lipoproteins. It was encouraged by the report 
of Eilert in 1949? that estrogens administered 
to premenopausal and postmenopausal women 
cause reduction in both cholesterol concentra- 
"tion *nd cholesterol-phospholipid ratios of 
plasma. Some preliminary observations from 
our early studies on the influence of estrogens 
were published in 1952 and 1953.193! The 


i 


results obtained from administration of andro- 
gens have been mentioned briefly elsewhere.?? 
This report is a more detailed presentation of 
data that have accumulated over a period of 
three years. 


METHODS 


Plasma proteins were separated by method 
No. 10 of Cohn and his associates}? in which 
alpha lipoproteins are recovered in Fraction 
iv+v-+vi and beta lipoproteins in Fraction 
r--nr Analyses for . protein, cholesterol and 
phospholipids were made in. unfractionated 
plasma and in Cohn fractions v+v-+vI, 1, 
and 1+m. The methods of fractionation and 
analyses have been described in a previous 
paper of this series.! 


I. Effects of Estrogens 


A. Action of Estnyl? (Ethinyl Estradiol) in 
Survivors of Myocardial Infarction. ‘The first tests 
of the action of estrogens were made on sur- 
vivors of myocardial infarction who were 
selected for two reasons. The group was com- 
posed chiefly of males who presumably had 
minimal amounts of circulating estrogens before 
treatment. Moreover, previous observations!‘ 
had shown that such patients usually exhibited 
abnormalities in plasma protein-lipid patterns of 
a degree that should facilitate detection of any 
corrective action of the hormones. i 

For several reasons the estrogen, ethinyl 
estradiol (estinyl), was chosen for initial trial. 
Previous experience with its use had been con- 
siderable; it could be given by mouth; its toxic 


* From the Department of Medicine, The New York Hospital-Cornell Medical Center, New York, New York. 
These studies have been aided by a grant from the U. S. Public Health Service, by support from the Commonwealth 
Fund and the Albert and Mary Lasker Foundation, and by gifts from Mrs. Katherine Lilly Conroy. 

J Present address: National Heart Institute, Bethesda, Maryland. 
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action had been minor. A daily dose of 1. 0 mg. 
calculated as equivalent to 10,000 rat units!? 
was used routinely except as otherwise specified. 
Choice of this dosage was arbitrary but was 


based on the intention of making the first tests. 


of action as decisive as possible. When the dose 
was found to be effective, it was continued with 
little modification in order to make subsequent 
observations comparable. 

In Table 1, the results of the use of estinyl in 
seven survivors of myocardial infarction have 
been assembled. All of the patients had had one 
or more myocardial infarctions. 

Before treatment the plasma of all subjects 
` exhibited significant deviations from normal 
protein-lipid relationships. In two of them the 
concentration of cholesterol in unfractionated 
plasma exceeded the normal range. In all the 
percentage of total cholesterol in Fraction 
IV-- v --vt was lower, and that in Fraction 14-11 
higher, than normal. There was a tendency in 
the group toward slightly higher than normal 
cholesterol-phospholipid ratios in the unfrac- 
tionated plasma and in Fraction 14- n1. 

Following the ingestion of estinyl the abnor- 
malities in protein-lipid relationships were 
partially or completely corrected. The most 
constant and characteristic effect was a change 
in the distribution of cholesterol, with a higher 
percentage of the total in Fraction 1v-+v-+-v1. In 
the unfractionated plasma, reduction of the 
concentration of cholesterol was evident in five 
of the seven patients and was relatively greater 
than that of the phospholipids. In Fraction 
Iv-+v-+vi concentrations of cholesterol and 
phospholipids tended to increase proportion- 
ately so that the ratios of the Fraction were not 
appreciably changed. In Fraction 14m, how- 
ever, the diminution in the cholesterol concentra- 
tion so far exceeded that of the phospholipids 
that the ratios were lowered and in several 
instances were less than unity. 

In inspection of the results, it should be noted 
that the cholesterol-phospholipid ratios of 
unfractionated plasma reflect both the altered 
distribution of lipids and the lower ratio of 
Fraction 1-4- ui. Since both of these factors tend to 
reduce the ratio in plasma, the change in this 
value constitutes a good index of the effect of the 
hormone. 

Mean values before and after hormone ad- 
ministration are omitted because variations in 
dosage, duration of treatment, and other cir- 
cumstances of the experiments render invalid 
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strict. comparison of individual results. At the 
foot of Table 1, however, mean values for young 
men aged eighteen to thirty-five have been 
included” for convenient comparison with the 
initial values for the survivors of myocardial 
infarction and with those, obtained following the 
administration of estinyl. 

As previously reported! maximum effects of 
estinyl were attained approximately six weeks 
following the initial dose of the hormone. 
Thereafter, the action continued with slight 
variation but without significant augmentation. 

The longest continuous administration of 
estinyl in amounts of 1.0 mg. daily was ap- 
proximately six months. When the use of 
estinyl was continued over long periods without 
interruption, there was no evidence of diminu- 
tion of effect, acquisition of tolerance, or of 
resistance to the hormone. 

Changes following withdrawal of the hormone 
are also illustrated in the table. At first, the 
concentration of total cholesterol in the plasma 
and in Fraction 14-11 rose rapidly and at times 
exceeded the pretreatment levels. Within a 
period of two or three weeks, the values returned 
to a pattern almost identical with that seen 
before treatment. 

Comment: The gonadal effects of the hormone 
were evident in all cases. Loss of sexual desire 
and potency were noted early; after three to 
four weeks,. enlargement of the breasts was 
noticeable and impotence became complete. 
Usually, the patients were restless, often they 
were dissatisfied, and they were depressed dur- 
ing the periods when estinyl was administered. 
In a few instances, gastric distress or nausea 
was troublesome at the outset of treatment but 
subsided with its continuance. . 

In those patients who had experienced anginal 
pain before the hormonal administration was 
«started, no consistent effect of the hormone could 
be established. One patient (Joh) had an attack 
of moderately severe pain accompanied by 
electrocardiographic evidence of myocardial 
infarction while the hormone was being given. 
Another (Gre) developed a fatal infarctipn one 
month after hormonal treatment had been 
discontinued. It is perhaps worthy of mention 
that none of these patients of outstandingly 
poor prognosis died during the long periods of 
administration of the hormone. 

In this study interest was focused upon one 
group of men who had survived myocardial 
infarction. Oliver and Boyd!* have recently 
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reported similar results with the use of only 
0.4 mg. estinyl daily:in twenty hypercholes- 
terolemic men with coronary heart disease. 
‘They noted also that the decrease in concentra- 
tion of cholesterol was entirely in the esterified 
fraction and that content of free cholesterol was 
unchanged by the hormone. In four of the seven 
cases in which cholesterol partitions were per- 
formed, we found that the free cholesterol 
decreased with the total. The average of the 
free to total ratios before and after was not 
significantly altered. 

Our observations offer no information con- 
cerning the action-of estinyl in women. The 
studies of Eilert?!? indicate that similar effects 
on cholesterol concentration and cholesterol- 
phospholipid ratios were obtained following the 
use of estinyl in both pre- and postmenopausal 
women. 

B. Action of Estinyl (Ethinyl Estradiol) in 
Primary Hypercholesterolemic Xanthomatosis. In 
the previous group of patients, the occurrence of 
myocardial infarction was interpreted as clinical 
evidence of the presence of atherosclerosis. 
None of the cases, however, was an extreme 
example either clinically or chemically of 
predisposition to a deposit of lipids in the arterial 
walls or in other tissues. To study the effect of 
estinyl under circumstances in which maximum 
susceptibility to atheromatous disease js clinically 
and chemically evident, patients with pri- 
mary hypercholesterolemic xanthomatosis were 
selected. Results of seven such cases are presented 
in Table mn. All of them were hypercholes- 
terolemic and exhibited in exaggerated form 
deviations from normal patterns of protein-lipid 
relationships. Six of the group gave a history of 
xanthomatous involvement in other members of 
the family. Two (Tel and Gef) had suffered 
attacks of myocardial infarction, and only three 
(Pol, Sen and Wol) of the seven had been entirely 
free of symptomatic or electrocardiographic 
evidence of coronary heart disease. One of the 
patients (Sen), whose case will be described later 
in more detail, exhibited in addition to hyper- 
cholesterolemia a degree of hyperlipemia which 
brouglft into question the correctness of his 
inclusion in the group of primary hyper- 
cholesterolemic xanthomatosis. It could be 
contended that his condition should be classified 
as essential hyperlipemia. 

Estinyl was given to six of these patients in the 
same dosage as was used for the survivors of 
myocardial infarction. Observations were made 


during periods when there were no perceptible 
variations in the clinical state. In the seventh 
patient (Tel), 2.0 mg. daily by mouth was sub- 
stituted during a short period for the routine 
1.0 mg. dose. Chronic cardiac decompensation 
with acute episodes of myocardial infarction, 
thrombophlebitis and pulmonary infarction 
complicated the period of experimental observa- 
tion. The history of this patient has been pub- 
lished in detail elsewhere.!? In Sen, lack of co- 
operation led to irregularity and to some 
uncertainty as to the exact dosage during the 
first period of administration. 

Following the use of estinyl there was in the 
group but not in all its individuals a tendency 
toward reduction in the concentration of 
cholesterol in the unfractionated plasma and in 
Fraction 1+-11. As in the group of myocardial 
infarctions, the most constant change following 
the administratior. of estinyl was a shift in the 
distribution of cholesterol, with relative increase 
in Fraction 1v-+v-+vr and corresponding de- 
crease in Fraction 1-++u1. In general the reduction 
in the concentration of phospholipids in Fraction 
I-Fiu and in the unfractionated plasma was 
less than that of cholesterol, with resulting 
diminution of the cholesterol-phospholipid ra- 
tios. In Fraction 1rv4-v--vt the change in con- 
centration of cholesterol and phospholipids was 
usually proportional, so that the ratios varied 
little from pretreatment values. 

In the case of Tel, judgment concerning the 
effects of estinyl was difficult because his clinical 
condition during che period of observation was 
constantly varied by the progress of his heart 
disease. Even in his case, however, the effects 
were perceptible. The percentage of cholesterol 
in the form of alpha lipoprotein was substantially 
increased, and that in the form of beta lipo- 
protein was correspondingly diminished. Choles- 
terol-phospholipid ratio in the plasma and in 
Fraction 1-+-1m1 was lower. It is noteworthy that 
in this case doubling of the usual daily dosage of 
estinyl for a. period of seventeen days resulted in 
no augmentation of the chemical effects of the 
hormone. 

Comment: The expected gonadal effects upon 
sexual desire and potency and upon the hyper- 
plasia of the mammary glands were notable in all 
patients after a few weeks of treatment. In 
most cases, other clinical effects of the estinyl 
were confined to some gastric distress and a feel- 
ing of irritability or depression accompanying 
the impotence. Especially in patients with heart 
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failure, administration of estinyl resulted in with precise measurements before and after 
retention of salt and water. In Tel this may have treatment failed to reveal any significant differ- 
been a factor in the deterioration of his clinical ^ ences in size. In only one patient was it possible 
condition, and it is possible that some of his to demonstrate that estinyl had an effect on the 
attacks of pulmonary edema could be attributed ^— xanthomatous deposits. 














to the action of the hormone. Sen was a skilled artisan who for several months 
TABLE II 
EFFECTS OF ADMINISTRATION AND WITHDRAWAL OF ESTINYL IN CASES OF PRIMARY HYPERCHOLESTEROLEMIC 
XANTHOMATOSIS 
L ——— —— — — ——————— 
Unfractionated Plasma Fraction 1v 4- v 4- vt Fraction r4- ii 
Treatment 
Subject, Cholesterol 
Sex and Age Choles- | Phospho- Phospho- Choles- | Phospho- 
terol lipids | Epes C/PI terol lipids C/PI 
: (mg./ (mg./ Ratio (mg./ Ratio (mg./ (mg./ Ratio 
Time (mg./ (% of 0 100 100 
Amount (days) 100 ml.) | 100 ml.) 100 ml.) | total) 100 ml.) 00 ml.) ml.) 
Tel None sin 623 456 1.36 18 2.9 0.48 589 365 1.61 
M, 20 Estinyl 1.0 mg. 19 649 557 1.16 34 5.4 0.47 589 441 1.33 
None 34 613 434 1.41 21 3.4 0.51 570 354 1.60 
Estinyl 1.0 mg. 27 711 640 1.11 38 5.5 0.66 644 543 1.17 
Estinyl 2.0 mg. 14 666 572 1.16 39 6.0 0.46 610 455 1.34 
None 19 715 544 1.31 22 3.1 0.44 662 472 1.40 
Pol None T 356 TW Sales 28 7.8 326 ee 
M, 26 Estinyl 1.0 mg. 21 332 378 0.88 36 10.9 0.36 291 277 1.05 
Estinyl 1.0 mg. 40 302 334 0.90 47 15.7 0.41 248 215 1.15 
None 14 360 341 1.05 36 10.2 0.46 319 254 1.25 
None 21 340 322 1.05 33 10.1 0.47 296 246 1.20 
Hid None as 506 T os 49 9.7 456 
M, 27 Estinyl 1.0 mg. 7 372 s E" 51 13.6 320 m 
Estinyl 1.0 mg. 26 384 376 1.02 67 17.4 0.44 315 223 1.41 
None 21 485 371 1.30 51 10.4 0.45 435 259 1.67 
None 45 457 327 1.39 46 10.1 0.66 400 244 1.63 
Bie None ae 494 516 0.96 29 5.9 0.39 449 425 1.05 
M, 30 None T 461 435 1.06 29 6.2 0.38 431 360 1.20 
Estinyl 1.0 mg. 21 358 337 1.06 67 19.1 0.55 285 211 1.35 
None 28 576 ies — 40 7.1 529 
Sen None Soin 496 456 1.09 35 1,1 0.51 464 367 1.26 
M, 32 Estinyl 1.0 mg. 16 
Estinyl 0.5 mg. 23 Ps ids — T backs Psi 
None 10 311 $3: ea 40 12.7 274 -— i iss 
None 41 610 525 1.16 38 6.5 0.45 551 392 1.40 
None 96 626 500 1.25 39 6.3 0.51 579 425 1.36 
None 230 597 474 1.26 35 6.0 0.52 550 382 1.44 
Estinyl 1.0 mg. 10 424 399 1.06 43 10.0 0.49 383 304 1:26 
Estinyl 1.0 mg. 35 426 464 0.92 53 12.4 0.41 372 321 1.16 
Estinyl 1.0 mg. 77 487 530 0.92 55 11.4 0.39 426 362 1,18 
None 50 504 436 1.16 37 7. 0.50 468 341 1.37 
Gef None 2 4d 378 369 .02 21 5.5 0.35 354 280 1.26 
M, 44 Estinyl 1.0 mg. 22 342 315 1.08 38 11.6 0.51 288 218 1.32 
Estinyl 1.0 mg. 38 291 338 0.86 35 12.1 0.36 249 216 1.16 
Estinyl 1.0 mg. 50 281 ve qo" 41 14.6 ign 241 TP T 
Estinyl 1.0 mg. 85 365 440 0.83 58 16.2 0.39 299 258 1.16 
Estinyl 1.0 mg. 108 340 416 0.82 46 13.6 0.37 290 265 1.10 
None 27 500 er uet 29 S. 0.38 470 373 1.26 
Wol None TM 400 T INS 37 9.2 354 e 
F, 48 None is 424 ie en 35 8.5 369 
Estinyl 1.0 mg. 14 322 iaa iia 63 19.3 259 
Estinyl 1.0 mg. 28 347 ae Srl 58 17.2 279 
Estinyl 1.0 mg. 57 339 m "m 67 | 19.8 265 
None 14 413 ex iq 52 13.4 328 
None 58 416 vds E 40 9.8 362 





Observations were made on the effect of ^ had been unable to work because of painful 
estinyl on the size and extent of xanthomatous — xanthomas on his palms and the volar surfaces 
lesions. In Pol and Bie, plaster casts of lesions of his fingers. The deposits were accompanied 


JULY, 1955 


10 Gonadal Hormones and Plasma Protein Lipids—Russ et al. 





1C 
Fic. 1. Hands, elbows, and knees of patient Sen before (1A, 1C) and after (1B, 1D) treatment with estinyl. 


by swelling, redness, heat and marked tender- 
ness. He also had a few tuberous xanthomas on 
his elbows and knees. A single small lesion on an 
extensor tendon of the hand could be outlined. 
In some respects he differed from the other 
patients with xanthomatosis. The florid palmar 
lesions were in contrast to the sparsity of 
xanthomas elsewhere. There was no xanthe- 
lasma. It was noted also that his plasma was 
turbid, in contrast to other members of the 


1D 


group, and that the neutral fat of his plasma, 
with a value of 1,390 mg. per 100 ml., consider- 
ably exceeded the normal values obtained in our 
laboratory (71-335 mg. per 100 ml.). 

During the first course of treatment the lesions 
on the hands, knees and elbows dramatically 
disappeared. Two weeks after he began to take 
estrogen the pain and swelling of his palms were 
improved sufficiently to permit him to resume 
his work. Because he was employed, some time 
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elapsed before he could return for examination. 
In the interval he suffered gastric distress which 
necessitated reduction in the dosage of estinyl 
from 1.0 to 0.5 mg. per day. He became in- 
tensely restive because of his impotence. It 
could not be ascertained whether he had takea 
the hormone regularly, but when he finally 
returned it was thought that he had taken 1.) 
mg. of estinyl each day for thirty-eight days and 
0.5 mg. daily for ten days. 

Deposits in the palms, elbows and knees hai 
disappeared, and their former locations were 
distinguishable only by discoloration cf tke 
skin. In Figure 1, the xanthomatous lesions of 
palms, elbows and knees may be seen before 
and after the administration of estinyl. 

It is doubtful whether during his subsequent 
course the hormone was taken with any regula-- 
ity. After three months of the prescription re 
was ordered to discontinue estinyl. 

Return of xanthomatous lesions of the hands, 
elbows and knees was gradual, and nine months 
without treatment elapsed before the patient 
requested that the use of estinyl be resumed. 
Reinstitution of treatment was followed by 
prompt disappearance of the lipid deposits. The 
hormone was discontinued after two and one- 
half months. Six months later, the lesions were 
again present and troublesome. . | 

It is remarkable that in this case there was 
such prompt disappearance of lesions, while in 
- the others of the group the xanthomas were not 
obviously affected. The result is in accord with 
other observations that in idiopathic and 
acquired hyperlipemia lesions may be altered 
by diet and in appropriate circumstances oy 
administration of insulin or thyroid.!?7?? 

Although in Sen, as in other members of tae 
group, estinyl did not accomplish complete 
restoration of a normal protein-lipid pattern, 
his clinical improvement suggests that in some 
instances partial chemical changes following use 
of the hormone may be an appropriate thera- 
peutic goal. 

C. Action of Oral Dosage of Premarin® (Estrane 
Sulfate) in Survivors of Myocardial Infarction. It 
was thought desirable to test a hormone closely 
resembling the natural estrogen, estrone; estrcne 
sulfate, or premarin, was chosen for trial. It was 
calculated that 15 mg. of premarin contaired 
approximately 10,000 rat units and could be 
regarded as approximately equivalent to 1.0 mg. 
of estinyl. Some of the experience with premarin 
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in eight atherosclerotic patients is recorded in 
Table mA. 

All of them had survived one or more myo- 
cardial infarctions, and two (Noc and Yat) had 
been subjects for observations with estinyl. Bat 
had been studied for many years as a case of 
myotonia congenita. 

Various amounts of premarin, from 2.5 mg. 
to 22.5 mg. daily, were used over different 
periods of time. Five of the patients (Gro, Lar, 
Pol, Kap and Bat) received 15 mg. daily for 
significantly long periods. Because of the slight 
response cf Gro to this amount, the dosage was 
increased to 22.5 mg. daily for a period of six 


_ weeks. In the other three cases, smaller amounts 


of the hormone were used. 

From inspection of Table mA it can be seen 
that the action of premarin is qualitatively 
similar tc that of estinyl. (Table 1.) In the 
patients who received a supposedly equivalent 
amount of premarin, essential restoration to 
normal value was obtained in three (Lar, Pol and 
Kap). In Gro, who did not differ in any apparent 
way either clinically or chemically from other 
patients in the group, the effect of 15 mg. daily 
was less than had been expected. There was, 
however, even in this patient an increase in the 
relative amount of cholesterol] in Fraction 
ivt+v-+v:, a corresponding diminution in 
Fraction 1+11, and a marked decrease in the 
cholesterol-phospholipid ratios of Fraction 1+-m 
and in tne unfractionated plasma. The later 
use of a larger dose of 22.5 mg. did not augment 
the effect. 

Slight chemical changes were observed in Gue 
with 7.5 mg. premarin daily; action was 
demonstrable in Noc with 5.0 mg., but was 
partially lost with a dose of 2.5 mg. daily. 
In Yat, who both before and after the use of 
premarin was shown to be very susceptible to 
the action of estinyl, no response could be 
shown from premarin in daily doses of 2.5 or 
5 mg. 

Comment: The observations on Yat with 
premarin indicate that at least one individual 
sensitive to estinyl was unresponsive to premarin 
in doses that in other patients (Gue and Noc) 
were sufücient to provide easily demonstrable 
chemical change. Symptomatically, the patients 
seemed to tolerate premarin better than estinyl. 
There were fewer complaints of gastric distress, 
nausea and general discomfort. The gonadal 


effects on the breasts, sexual desire and function 
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TABLE III 
EFFECTS OF PREMARIN IN CASES OF MYOCARDIAL INFARCTION 


































































Unfractionated Plasma Fraction 1v-+v+v Fraction 1-+m 
Subject, 
Sex and Date State Chole Phospho- eelsice! Phospho- Choles- | Phospho- 
Age terol lipids | C/P1 |---| lipids | C/P1 | terol lipids | C/PI 
nee UNE Ratio (ng / (% of (cay Ratio | (mg./ (mg./ | Ratio 
^ n 
90 ml.) | 100 ml.) 100 mi.) | total) 00 ml.) 100 ml.) | 100 ml.) 
A. Oral Administration 
Gre 2/11/52 | No treatment 7341 324 . 37 11.0 69 296 212 
M, 48 5/29/52 | 15 mg. premarin for 15 wk. 340 378 0 58 | 76.9 727 0.48 2871 248 
7/10/52 | 22.5 mg. premarin for 6 wk. 316 360 44 14.0 732 0.33 270 © 226 
7/24/52 | No treatment for 2 wk. 376 397 39 10.3 : 338 257 
Lar 4/29/52 | No treatment 201 218 37 19.2 79 0.47 154 144 
M, 48 7/24/52 |15 mg. premarin for 10 wk 780 271 66 36.1 750 0. 44 115 94 
8/7/52 | No treatment for 2 wk. 210 293 69 33.0 162 0.43 136, 107 
Noc 4/17/52 | No treatment . 330 353 36 10.6 99 0.36 292 220 
M, 43 5/1/52 | No treatment 308 hae 32 10.5 m js 266 des 
7/1/52 | 5 mg. premarin for 9 wk. 240 327 46 79.2 125 0.37 195 207 
7/17/52 |2.5 mg. premarin for 2 wk. 276 354 45 76.1 723 0.37 233 233 
9/18/52 | No treatment for 9 wk. 276 319 34 12.1 86 0.40 246 227 
Gue 4/24/52 | No treatment for 10 wk. 318 336 69 21,4 126 0.54 249 187 
M, 42 6/12/52 | 5 mg. premarin for 4 days 308 367 66 21.4 137 0.48 234 774 
6/27/52 | 7.5 mg. premarin for 15 290 122 87 29.5 ot 204 2a 
days 
Fat 8/7/53 | No treatment for 6 wk. 347 370 38 11.4 115 33 290 216 
M, 49 8/28/53 | 2.5 mg. premarin for 3 wk. 330 344 34 10.7 94 0.36 283 223 
10/23/53 | 5.0 mg. premarin for 8 wk. 344 389 46 73.5 724 0.37 287 270 
Pol 2/13/52 | No treatment 193 231 31 15.7 73 0.42 160 144 
M, 52 6/5/52 | 15 mg. premarin for 16 wk. 788 242 70 37.4 732 0.53 175 723 
7/11/52 | No treatment for 5 wk. 234 280 32 14.1 122 0.26 188 157 
Ka, 3/25/52 | No treatment 231 241 30 13.5 68 0.44 192 156 
M, 57 4/28/52 |15 mg. premarin for 5 wk. 220 "T 50 23.2 oe 761 —— 
5/15/52 | No treatment for 1 wk. 194 268 43 22.5 96 0.45 146 148 
Bat 3/31/52 | No treatment 442 402 32 7.5 60 0.54 398 326 
M, 51 5/8/52 | 15 mg. premarin for 5 wk. 336 397 44 12.9 98 0.44 294 280 
5/22/52 | No treatment for 2 wk. 390 373 25 6.4 63 10.40] 363 300 
B. Single Intravenous Dose 
Noc 6/9/53 | No treatment for 19 days 322 0.88 37 13.0 85 0.43 242 206 1,17 
M, 43 6/9/53 | Premarin 20 mg. intra- p KP 2 TE ren aieia is a E 
venously 
6/10/53 | Blood drawn 24 hr. after 280 0.91 28 10.9 75 0.38 230 199 1.15 
injection of premarin 
6/16/53 | No treatment for 7 days 308 0.95 38 13.3 90 0.43 249 . 209 1.19 
7/1/53 | No treatment for 20 days 266 4.03 30 11.8 88 0.43 244 197 1.24 
7/1/53 | Premarin 20 mg. intra- TP aas vk iss T Lecce Sis zu ui 
venously 
7/2/53 | Blood drawn 24 hr. after 278 1.04 42 13.9 80 0.52 259 197 1,31 
injection of premarin ; 
7/8/53 | No treatment for 7 days 285 1.02 35 11.9 81 0.43 256 205 1.25 
Yat 6/10/53 | No treatment for 40 days 289 1.23 44 12.5 84 0.53 307 194 1.58 
M, 49 6/10/53 | Premarin 15 mg. intra- - oe 25 Va E ix AT s iei — 
venously 
6/11/53 | Blood drawn 24 hr. after 294 1.06 41 12.9 88 0.46 269 194 1.41 
injection of premarin g 
6/23/53 | No treatment for 3 days 306 1.18 40 11.8 96 0.42 294 209 1.41 
7/1/53 | No treatment for 20 days 293 1.15 57 11.0 87 0,49 292 210 1.39 
7/1/53 | Premarin 20 mg. intra- n bars re os rs T€ at jus T 
venously 
7/2/53 | Blood drawn 24 hr. after 508 1.21 45 12.0 88 0.53 324 224 1.45 
injection of premarin 
7/7/53 | No treatment for 7 days 500 1.25 43 11.7 87 0.54 320 223 1.43 
6/30/53 | No treatment 282 1.05 37 12.0 83 0.45 269 199 1.35 
M, 38 6/30/53 | Premarin 20 mg. intra- wie "e Zi pare aes ever Sad ad 
venously 
7/1/53 {Blood drawn 24 hr. after 276 1.05 39 13.4 78. 0.51 248 189 1.31 
injection of premarin . 
7/6/53 | No treatment for 6 days 292 1.12 47 14.6 92 0.51 269 200 1.35 








Note: Figures in italics indicate results on days of treatment by oral administration, 
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were indistinguishable when equivalent doses 
were given. i 

Partial confirmation of our observations with 
premarin have been furnished by Marett and 
Vivas?* who observed in twelve survivors of 
myocardial infarction significant reduction in 
concentration of cholesterol and total lipid fal- 
lowing the oral administration of premarin :n 
doses of 5 mg. (1.25 mg. four times a day). In 
their series, similar effects from premarin were 
evident in one postmenopausal woman, in two 
cases of mild hypertension without clinical 
evidence of coronary atherosclerosis, in two 
cases diagnosed as atherosclerosis without 
myocardial infarction, and in one patient with 
severe generalized pruritus who presented no 
stigmata of vascular disease. 

D. Action of Intravenous Doses of Premarin 
(Estrone Sulfate). In three survivors of myo- 
cardial infarction, study was made of the action 
of a single intravenous dose of premarin. These 
experiments were prompted by a report of 
Gitman and Greenblatt?’ that by means of this 
procedure they were able to diminish the con- 
centration of beta lipoproteins of the S, 12-20 
and 20-100 classes in the serum of a patient with 
coronary insufficiency. 

Our results are shown in Table mB. Two of the 
subjects (Noc and Yat) had been treated pre- 
viously with estinyl and premarin. The other 
patient (Mra) had not received any estrogen 
therapy. No significant changes were seen to 
follow injection in doses exceeding the amounts 
used by Gitman and Greenblatt. 

Comment: It is obvious that premarin given 
intravenously in single doses of 15 to 20 mg. 
exerted no effect on the concentration or dis- 
tribution of the alpha and beta lipoproteins as 
observed by our chemical methods of separation. 
It should be mentioned, however, that the 
criteria in our experiments and in those of Git- 
man and Greenblatt are quite different, and that 
our experiences cannot be regarded as neces- 
sarily contradictory. 

E. Action of Diethylstilbestrol. ‘The estrogen, 
diethylstilbestrol, was tested in three survivors 
of myocardial infarction for a period of one 
week. Starting with 1.0 mg. during the nrst 
twenty-four hours and raising the dose by 1.0 mg. 
each day, the total amount for eight days was 
36 mg. Calculated on the basis that 1.0 mg. 
diethylstilbestrol is equal to 1,200 rat units, this 
dosage represented approximately 43,200 rat 
units a week, or the equivalent of approximately 
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one-half the weekly amount used in the estinyl 
experiments (10,000 rat units daily). The results 
are shown in Table vA. 

Two of the cases (Yat and Noc) had been 
studied in previous experiments for the effects of 
the use of both estinyl and oral premarin. The 
third patient (Mra) had received intravenous 
premarin but had not been tested with other 
oral preparations. 

With diethylstilbestrol, the chemical changes 
observed in two of the three patients (Noc and 
Mra) were similar to those seen following the 
use of estinyl and premarin. There was a de- 
crease in the concentration of cholesterol in 
the plasma and in Fraction r--1r with a cor- 
responding decrease in the cholesterol-phospho- 
lipid ratios, and an increase in the concentration 
and distribution of lipids in Fraction 1v-+-v+VI, 
with no alteration in the cholesterol-phospho- 
lipid ratios. In these two patients, the changes 
were relatively large and were reversed im- 
mediatelv following the discontinuance of the 
hormone. In the case of Yat, the patient, who 
had responded poorly to small doses of pre- 
marin, the influence of diethylstilbestrol was 
barely perceptible. 

Comment: Observations with diethylstilbestrol 
are fewer and were carried out over a shorter 
period oi time. They are therefore not strictly 
comparable to those following use of estinyl and , 
premarin. It is apparent, however, that diethyl- 
stilbestrol produces similar changes in the 
protein-lipid relationships of plasma. 

F. Action of Estradiol Benzoate. The effects of 
the oral administration of estradiol benzoate in 
daily doses of 1.66 mg. were studied in a male 
patient who was convalescent from spinal fusion 
in a case of tuberculous spondylitis. It was not 
apparent that he had any stigmata or complica- 
tions of atherosclerosis. 

Estrogen treatment was instituted about six 
weeks after the operation was performed. 
Throughout the course, he was treated with 
streptomycin, paraminosalicylic acid and ni- 
trozide. He was entirely afebrile and asympto- 
matic during the period of chemical observation. 

From Table 1vB it may be seen that tHe effects 
of estradiol benzoate on the protein-lipid pat- 
terns were qualitatively similar to the other 
estrogens. The concentrations of cholesterol 
in the plasma and in Fraction r4d-ur were de- 
creased, and the percentage of cholesterol in 
Fraction 1v4-v-l-v1 was increased. The choles- 
terol-phospholipid ratio of the unfractionated 
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plasma was diminished after approximately two 
and one-half months. 

Comment: ‘This experiment with the use of 
estradiol benzoate demonstrates the action of 
another estrogen as capable of modifying the 
protein-lipid relationships in plasma and offers 
further evidence that the effects of estrogens are. 
not limited to survivors of myocardial infarction. 

G. Action of Estrogens in the Nephrotic Syndrome. 
Data obtained following the use of estrogens in 
two patients with the nephrotic syndrome are 
assembled in Table rvC. 

in the first patient (Wie) acute nephritis 
developed at the age of eleven. At the time of 
observation he had massive edema and 3+ 
albuminuria with slight hematuria. The blood 
urea nitrogen concentration was 31 mg. per 10€ 
ml., with a urea clearance 35 per cent of normal. 
Separation of the lipoproteins was unsatisfac- 
tory at this time because of the difficulties whick 
are occasionally encountered during the frac- 
tionation of nephrotic plasmas.!* This did not. 
however, affect the analyses for protein and lipic 
concentrations of the unfractionated plasma. 
the values of which are listed in Table 1vC, 
together with ratios of cholesterol to phospho- 
lipid. He received premarin in daily doses of 
15 mg. for six weeks. Chemically, there was an 
abrupt fall in the concentration of plasma 
cholesterol, and the cholesterol-phospholipid 
ratio was progressively diminished. Protein 
fractionations which were satisfactory through- 
out this period showed little change except for a 
tendency toward an increase in the cholestercl 
concentration in Fraction 1v-++v-+vr. Clinically, 
he was little affected by the treatment. 

In the second patient (Has) acute nephritis 
developed at the age of fourteen and thereafter 
the patient continued to have albuminuria and 
hypertension. In January, 1954, when first 
examined at The New York Hospital, he was 
found to have a blood pressure of 170/110, wita 
no edema. The urine contained 4+ albumin, 
red blood cells and casts. The concentration of 
blood urea nitrogen was 10 mg. per 100 mL, 
and the serum protein was 4.9 gm. per 100 mL, 
with 2.9 gm. of albumin and 2.0 gm. of globulin. 
The urea clearance was 68 per cent of normal. 

At the time of his first plasma fractionation, 
estinyl (1.0 mg. o.d.) with limitation of salt 
intake was prescribed. Inspection of Table iva 
shows that in this case the concentration of 
cholesterol tended to be somewhat lower, ard 
the ' percentage of cholesterol in Fracticn 
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IV 4- v d-vi slightly higher during the administra- 
tion of the hormone. The cholesterol-phospho- 
lipid ratios always high, were somewhat 
reducéd. Discontinuance of estinyl resulted in 
prompt return to values more abnormal than 
those originally observed. Qualitatively, the 
changes were like those observed with the use 
of estinylin the groups of survivors of myocardial 
infarction and in patients with primary hyper- 
cholesterolemic xanthomatosis. Quantitatively, 
however, they were so small that they could not 
be regarded as significant except in the light of 
previous experience in the other groups. 

Much more evident were the changes in the 
protein values. Following the administration of 
estinyl there was a large reduction in the con- 
centration of total protein which was almost 
entirely accounted for by a fall in the concentra- 
tion of protein (presumably albumin) in Frac- 
tion 1v+v+vr. After discontinuance of the 
hormone there was a restoration of the protein 
to values approximating those observed before 
treatment was begun. Such effects on protein 
concentration were not seen in any of the non- 
nephrotic patients following the use of estinyl. 

Comment: Symptomatically, the second patient 
was disturbed by the medication. During the 
first two days he complained of nausea and 
experienced unusual fatigue. He vomited on one 
occasion and complained that he was con- 
stantly uncomfortable. His breasts became sore 
after he had taken the hormone for about three 
weeks. Since discomfort and unfavorable chemi- 
cal changes were noted in the second patient and 
little if anv chemical changes were observed in 
the first patient, additional experiments with 
estrogens in other cases of nephrosis were 
discouraged. 


II. Effects of Androgens 


A study of the effects of androgens was initi- 
ated soon after we had demonstrated sex dif- 
ference in the distribution of alpha and beta 
lipoproteins.! 

A. Action of Oral Administration of Methyl 
Testosterone. In the preliminary study of andro- 
gen effects, methyl testosterone was selected for 
trial not only because of the convenience of an 
oral preparation but also because it had been 
so extensively used for clinical purposes. It was 
realized that it might not reflect accurately 
the action of other forms of testosterone. It was 
recognized also that some adverse effects on the 
liver had been reported.?* 
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Routinely, methyl testosterone was given in in Table v. The group of subjects included two 
daily doses of 50 mg. As with the estrogens, the normal individuals as well as seventeen patients 
choice of dose was arbitrary and was made with with various disease states and two women with 
the hope that the amount would be sufficiently symptoms of the menopause. 
large to exert easily demonstrable chemical The results may be simply stated. In every 
changes without toxic action. The dosage was instance there was a change in the distribution of 


TABLE VI 
EFFECTS OF SIMULTANEOUS ADMINISTRATION OF ESTINYL AND METHYL TESTOSTERONE 


























Unfractianated Plasma Fraction tv-4- v4 vi Fraction 1-} 1 
Subject, Cholesterol 
Sex and Date State Choles- | Phospho- Phospho- Choles- | Phospho- 
Age terol lipids O/PLI—— lipids C/PI terol lipids C/PI 
(mg./ (mg./ | Ratio (mg./ | (% of (mg./ | Ratic| (mg./ (mg./ | Ratio 
100 mí.) | 100 ml.) 100 ml.) | total) 100 ml.) 100 ml.) | 100 ml.) 
Gil 9/8/52 | No treatment for 42 days 317 374 0.85 30 9.4 85 0.36 290 281 1.03 
M, 39 9/8/52 | M. T. 50 mg. o.d. started PE RS dis " D UN efus "en Me: " 
9/22/52 | Estinyl 1.0 mg. o.d. started 319 341 0.94 22. 6.9 52 0.41 290 280 1.04 
10/16/52 | M. T. discontinued 368 2 Se ae 13 3.6 TE Id 360 
11/6/52 | Estinyl dosage reduced to 269 332 0.81 56 21.7 139 0.41 202 192 1.05 
0.25 mg. o.d. E 
12/18/52 | Estinyl discontinued 217 315 0,69 68 31.1 158 0,43 147 149 0,99 
2/5/53 | No treatment for 48 days 314 325 0.97 31 9.8 7 0.40 281 269 1.04 
Noc 9/18/52 | No treatment for 62 days 276 319 0.87 34 12.1 86 0.40 246 227 1.08 
M, 43 9/18/52 | M. T. 50 mg. o.d. started ies Se T ot m ve " Pus T Sate 
10/9/52 | Estinyl 1.0 mg. o.d. started 518 363 0.88 13 4.1 51 0.25 291 304 0.96 
10/23/52 | M.T. discontinued 366 405 0,91 19 5.3 69 0.27 338 372 0.91 
10/30/52 | Estinyl dosage reduced to 304 299 1.02 28 9.1 72 0.39 276 242 1.10 
0.5 mg. o.d. 
11/11/52 | Estinyl discontinued 241 323 0.75 49 21.0 124 0.39 183 194 0,94 
Yat 8/7/52 | No treatment for 42 days 347 370 0.94 38 11.4 115 0.33 290 216 1.34 
M, 49 8/7/52 | Premarin 0.25 mg. o.d. ss pe pd M Tm PE "n — pak 
started 
8/28/52 | Premarin dosage increased 330 344 0.96 34 10.7 94 0.36 283 223 1:27 
to 0.5 mg. o.d. 
10/23/52 | Premarin discontinued 344 389 0.89 46 13.5 124 0.37 287 270 1.06 
Estinyl 1.0 mg. o.d., started nts vis — = 22a iu ind s bak ass 
1/15/53 | M.T. 50 mg. o.d. started 195 290 0.67 54 28.7 134 0.40 134 147 0.91 
2/11/53 | M.T. discontinued 289 363 0.80 14 4.7 56 0,24 276 313 0.88 
4/2/53 | Estinyl discontinued 186 280 0.67 46 24.8 125 0,37 139 152 0,91 
4/20/53 | No treatment for 18 days 242 312 0.78 45 19.0 123 0.36 190 185 1.03 
Gre 1/17/52 | No treatment 202 ae DELE 19 9.7 Te Tr 171 
M, 53 1/17/52 | Estinyl 1.0 mg. o.d. started atte hex T T sone a pii M n PA 
. 5/22/52 | Estinyl dosage reduced to 173 281 0.62 50 29.6 137 0.37 120 117 1.03 
0.5 mg. o.d. 
8/1/52 | Estinyl dosage reduced to 194 275 0,71 66 33.1 
0.25 mg. o.d. 
9/25/52 | M.T. 50 mg. o.d. started 217 296 0.73 68 31:2 155 0.44 148 138 1.07 
10/23/52 | M.T. discontinued 351 > 362 0.97 11 3.2 40 0.28 338 308 1.10 
12/11/52 | M.T. 10 mg. o.d. started 226 278 0.81 62 27.6 146 0.42 161 140 1.14 
2/5/53 | Estinyl dosage increased to 274 254 1.08 21 8.0 63 0.34 247 190 1.30 
1.0 mg. o.d. 
3/12/53 | Estinyl dosage reduced to| , 261 276 0.95 21 8.3 61 0.35 231 198 1.17 
0.5 mg. o.d. 
4/9/53 | M.T. dosage reduced to 248 268 0.93 19 8.0 55 0.55 222 202 1.10 
5.0 mg. o.d. 
5/14/53 | All hormones discontinued 221 212 1.04 32 14.5 71 0.45 187 137 1.36 


a ee ———M———————H—— nner 


varied only occasionally during the course of cholesterol in a direction opposite to that 
treatment. Random observations were made on observed following the administration of estro- 
the combined effects of testosterone propionate gen. Both relative and absolute amounts of 
and methyl testosterone in three endocrine cholesterol and phospholipids in Fraction 1v-4- 
patients. — . | V-Fvi were decreased, and those in Fraction 

Some of the changes observed following the r+ were correspondingly increased. In ten of 
use of methyl testosterone have been assembled the twenty-one subjects the concentration of 
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cholesterol in the unfractionated plasma was 
augmented, and in two of them (Haa and Hoo) 
the increase was very great. In the remaining 
eleven subjects, the cholesterol concentration 
was slightly diminished. Nine of the patients 
displayed a sharp rise in the cholesterol-phos- 
pholipid ratios of plasma and of Fraction 
14-11 following treatment. In several, there was a 
tendency toward a decreased ratio in Fraction 
IV-I-v 4- vi. 

Limited observations of the three cases (Bil, 
Rob and Biz) in which testosterone propionate 
formed the major part of the regimen are also 
shown in T'able v. It may be significant that the 
changes were in the same direction and some- 
what greater than the average change observed 
when methyl testosterone was given alone. 

Cholesterol partitions were performed on the 
plasma of ten patients who received testosterone. 
In every instance the free to total ratio was 
increased following the administration of the 
, hormone. The average before treatment of 0.26 
with variation between 0.23 and 0.30, may be 
compared with 0.33, with variation of 0.27 to 
0.39 after treatment. 

Comment: The action of methyl testosterone 
produced in normal individuals and in a variet” 
of patients who exhibited no stigmata of cir- 


culatory disease, protein-lipid patterns that : 


approached those found in survivors of infarc- 
tion. The abnormalities in protein-lipid relatior- 
ships in the plasma of survivors of myocardial 
infarction were even more exaggerated following 
the use of this hormone. No hepatic disease was 
noted during the course of these experiments. 


III. Effects of Simultaneous Administration of 
Estrogens and Androgens 


Since estrogens and androgens were found <o 
produce opposite effects on the concentration 
and distribution of lipids in the lipoproteins of 
plasma, studies were undertaken to ascertain 
how the plasma would be affected by simul- 
taneous administration of the two oppositely 
acting substances. Some of the results of four 
such experiments on survivors of myocard.al 
infarction are graphically depicted in Figure 2. 
A more detailed summary of the data may be 
seen in Table vi. All of the subjects had served. in 
previous experiments on the effects of estrogen, 
and for comparative purposes some of the 
results of these experiments are included. 

In both Gil and Noc the administration of 


JULY, 1955 


methyl testosterone exaggerated the abnor- 
malities of their untreated state by increasing 
the cholesterol concentration and cholesterol- 
phospholipid ratio of the unfractionated plasma 
and by diminishing the percentage of cholesterol 
in Fraction iv4-v--vi. Although both patients 
had previously responded promptly to the 
action of estrogens, the simultaneous administra- 
tion of 1.0 mg. estinyl had no effect in modifying 
the action of 50 mg. of methyl testosterone. There 
was no reversal of the lipid values toward 
pretreatment levels. Upon the withdrawal of 
methyl testosterone and the continuation of 
estrogen in even smaller doses (0.25 mg. and 
0.5 mg. o.d.), there was a partial re-establish- 
ment of a normal pattern. The plasma choles- 
terol concentrations and the cholesterol-phos- 
pholipid ratios were decreased to approximately 
normal ranzes; and there was a marked increase 
in both the amount of distribution of the lipids 
in Fraction irv--v--vi, with a corresponding 
decrease in Fraction 1+11. Following the with- 
drawal of methyl testosterone, Gil maintained a 
normal pattern for nearly six weeks on only 
0.25 mg. estinyl daily. 

In Yat and Gre the plan of experimentation was 
altered. Methyl testosterone in daily doses of 
50 mg. was added without interrupting the 
administration of estinyl, which in the case of 
Yat was given in daily doses of 1.0 mg. for three 
months and in Gre in doses reduced from 1.0 mg. 
to 0.25 mg. over a period of seven months. The 
powerful action of methyl testosterone in coun- 
teracting ihe effects of estinyl is shown in Gre. 
The concentration of cholesterol was increased 
134 mg. per 100 ml. and that of phospholipids 
66 mg. per 100 ml. The percentage of cholesterol 
in Fraction 1v-+-v-+v1 dropped from 31.2 to 
3.2, a value which was far below the pretreat- 
ment level. Both cholesterol and phospholipid 
concentrations were diminished in Fraction 
Iv+v+vr with a corresponding increase in 
Fraction 1H-ur. At the same time, the plasma 
cholesterol-phospholipid ratio increased from 
0.73 to 0.97. 

When methyl testosterone was discontinued, 
the effects of 0.25 mg. estinyl were again evident, 
for the plasma cholesterol concentration was 
decreased by 125 mg. per 100 ml. accompanied 
by a fall in the cholesterol-phospholipid ratio 
from 0.97 to 0.81. Both cholesterol and phos- 
pholipid concentrations in Fraction tv--v vti 
were markedly increased, while those in Frac- 
tion 1+ were correspondingly “diminished. 
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The percentage distribution of cholesterol in 
Fraction Iv4-v 4- vi rose from 3.2 to 27.6. 

Later, an experiment for the purpose of 
observing the effects of smaller doses of methyl 
testosterone after the patient had been receiving 
0.25 mg. estinyl daily showed that a dose of 
10 mg. per day of the androgen exerted the same 
qualitative effects but was quantitatively some- 
what less potent than the larger doses of 50 mg. 
‘The most evident change was a rise in the choles- 
terol-phospholipid ratio from 0.81 to 1.08. An 
increase in the dosage of estinyl to 1.0 mg. a 
day for five weeks had little effect in reversing 
the action of daily doses of 10 mg. of methyl 
testosterone. 

Finally, a reduction of the methyl testosterone 
from 10 to 5 mg. per day with continuation of 
0.5 mg. estinyl still indicated persistence of a 
neutralizing effect on the action of the estrogen. 
Although the percentage of cholesterol in 
Fraction 1v-+v+v1 was increased from 8.0 to 
14.5, the cholesterol-phospholipid ratios in 
unfractionated plasma and in Fraction 1+ 
were again elevated to the levels obtained during 
the use of 10 mg. doses of methyl testosterone. 


DISCUSSION 


It appears that estinyl in relatively large doses 
(0.5—1.0 mg. o.d.) corrects several of the abnor- 
malities of the plasma protein-lipid patterns in 
survivors of myocardial infarction. Invariably, it 
accomplishes a change in the distribution of 
lipoproteins, with increase in the concentration 
of alpha lipoproteins of Fraction 1v - v--v1 and a 
corresponding decrease in beta lipoproteins of 
Fraction 1-++m. Usually, there is a decrease in the 
plasma cholesterol and phospholipid concentra- 
tions and in the cholesterol-phospholipid ratio. It 
also causes a considerable change in the ratio of 
the concentration of cholesterol and phospho- 
lipids in Fraction 1+ to the extent that the 
values are often less than 1.00. This suggests 
either unusual mixtures of lipoproteins or 
formation of protein-lipid combinations, pre- 
sumably beta lipoproteins of a composition that 
varies from those recovered from Fraction 
1-+m1 in normal subjects. 

The action of oral estrone sulfate (premarin) 
in survivors of myocardial infarction appears to 
differ little from that of equivalent amounts cf 
oral estinyl. An exact quantitative comparison 
of the effects of the two hormones is not possible 
because the trials are not sufficiently systematic 
or extensive. Single intravenous doses of 15-20 


mg. of estrone sulfate are apparently without 
effect on either the distribution or concentration 
of the alpha and beta lipoproteins. 

Other estrogens such as estradiol benzoate and 
diethylstilbestrol are also capable of modifying 
protein-lipid relationships of plasma, and their 
effects are qualitatively similar to estinyl and 
premarin. Any estimation of the relative 
influence of various estrogens on the concentra- 
tion and distribution of lipoproteins would 
necessitate more extensive and differently 
organized experiments. Since qualitatively the 
actions of all of the estrogens tried in this 
study are similar, it appears that they are related 
to estrogenic activity and are not. attributable 
to the chemical radicles of specific compounds. 
Their action is also apparently not limited to 
survivors of myocardial infarction. 

In primary hypercholesterolemic xantho- 
matosis which may be regarded as the most 
severe form of lipid disturbance predisposing to 
atherosclerosis, the administration of estinyl 
is followed by predictable changes similar to 
those in survivors of myocardial infarction. 
Frequently, there is a reduction in the choles- 
terol concentration of plasma; invariably, there 
are changes in the distribution and a tendency to 
lowering of cholesterol-phospholipid ratios in 
plasma and in the beta lipoproteins of Fraction 
13- rr. In no instance, however, is there complete 
restoration of normal protein-lipid patterns. As 
in survivors of myocardial infarction, the 
chemical effects of estinyl may be maintained 
as long as the hormone administration is con- 
tinued; they disappear abruptly when treatment 
is discontinued. 

Chemical changes following the use of estinyl 
and premarin in the nephrotic syndrome are 
difficult to evaluate because of the extremely 
variable course of the condition. Our observa- 
tions of their effects in two subjects offer little 
hope, however, that the lipid abnormalities of 
the syndrome can be significantly altered by the 
use of estrogens. Although, qualitatively, the 
changes are similar to those observed in survivors 
of myocardial infarction and in patients with 
primary hypercholesterolemic xanthomatosis, 
they are quantitatively too small to be signifi- 
cant. Unfavorable alterations in the protein 
composition of plasma following the use of 
estinyl in one of the subjects discouraged trial of 
the hormone in other cases. 

Methyl testosterone modifies protein-lipid 
relationships in plasma in a manner opposite to 


AMERICAN JOURNAL OF MEDICINE 


Gonadal Hormones and Plasma Protein Lipids—Russ et al. 23 


that observed following the administration of 


estrogens. The most constant effect is in the 
distribution of cholesterol and consists of a 
relative decrease in alpha lipoproteins in Frac- 
tion 1v-+v-+vi and relative increase in beta 
lipoproteins of Fraction 1-+m1. Other changes 
often noted are an increase in the cholesterol- 
phospholipid ratio of the unfractionated plasma, 
and in Fraction 1m, and, occasionally, a 
decrease in Fraction 1v-+-v-+v1. A drop in the 
plasma cholesterol concentration is unpredicta- 
ble. Even small amounts can exaggerate the 
abnormal protein-lipid pattern of a survivor 
of myocardial infarction. Intramuscular doses of 
testosterone propionate appear to have the same 
‘if not even greater effect upon protein-lipid 
relationships. 

lhe antagonistic effects of estrogens and 
androgens are best shown when the two hor- 
mones are administered simultaneously. It is 
apparent that, with the doses used in these 
experiments, the action of the androgen, 
methyl testosterone, is far more potent than that 
of the estrogen estinyl. Complete obliteration 
of the estrogenic effects may be obtained by 
relatively small doses of methyl testosterone. 
Experiments devised to show the relative 
potency of the hormones under a great variety 
of conditions would be necessary before physio- 
logic implications could be formulated. 

It is noteworthy that, in the chick, Stamler 
and his associates" were able to contrive z 
combined dose of estrogen and androgen which 
had no feminizing effect but could protec- 
against coronary artery lesions in cholesterol-fed 
chicks. 

Under the conditions of our experiments, the 
effects of methyl testosterone following or during 
the administration of estrogen were greater than 
when the testosterone was given alone. Ou- 
data are, however, insufficient to establish a 
potentiating effect of the estrogen. Under the 
conditions of combined administration the 
deviations from normal accomplished by th= 
androgen are greater than those seen in any 
pathologic conditions except hypercholesterc- 


lemic xanthomatosis or nephrosis and must bs 


regarded as disturbing if not alarming. 


SUMMARY 


lhe concentration and the distribution of 
lipids bound as lipoproteins in plasma are 
modified by gonadal hormones. 


JUrv, 1955 


The ingestion of estrogen in the form of 
ethinyl estradiol, estrone sulfate or diethyl- 
stilbestrol tends to correct the pathologic 
protein-lipid relationships of survivors of myo- 
cardial infarction, and in many instances accom- 
plishes complete restoration of normal patterns. 

In primary hypercholesterolemic xanthomato- 
sis the effect of estinyl is qualitatively similar but 
is not sufficient to restore normal patterns. 

In two cases of nephrosis chemical changes 
qualitativelv similar to those observed in 
survivors of myocardial infarction were per- 
ceptible but were so small as to be thera- 
peutically insignificant. 

Methyl testosterone exerts the opposite chemi- 
cal effect. It exaggerates the chemical pathology 
of survivors of myocardial infarction and can 
produce abnormalities in plasma protein-lipid 
relationships of individuals whose protein-lipid 
patterns have been previously normal. 

When the estrogenic and androgenic hor- 
mones are given simultaneously, estrogenic 
effects are modified or obliterated. It has not 
been definitely demonstrated that the actions 
of testosterone are modified by estrogen. 

The experiments demonstrate that lipo- 
proteins are subject to chemical manipulation 
but do not explain the mechanisms by which 
gonadal hormones operate. 

These observations appear to have possible 
significance in the pathogenesis of atherosclerosis. 
They indicate a chemical reason for the rela- 
tive immunity of young women to the complica- 
tions of atherosclerosis. They suggest that the 
action of estrogenic substances in atherosclerotic 
persons exhibiting striking protein-lipid ab- 
normalities might be beneficial. They suggest 
that the use of methyl testosterone in such pa- 
tients might be detrimental. 

While the observations have certain thera- 
peutic implications, they indicate side actions 
which will make the use of estrogens unaccept- 
able to many patients. It is clearly established 


that the administration of these hormones 


eliminates chemical abnormalities which may be 
regarded as detrimental; however, more exten- 
sive clinical studies will be necessary' before 
estrogens can be considered useful in the 
preventior. of atherosclerosis or in the treatment 
of its complications. 
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HERE is now strong evidence to indicate 
| that both the quantity of food habitually 
eaten and its quality are related to the 
etiology of atherosclerosis in man. Although 
these cannot be the only determinants in the 
development of the disease process, both the 
caloric balance as determined by body weight! ^? 
and the proportion of food calories derived from 
fat*-* have been found to correlate to a signifi- 
cant extent with the prevalence of clinical 
manifestations of atherosclerosis. It would be 
useful to apportion the relative importance 
of these dietary factors among other contributing 
causes since these are elements of the environ- 
ment which can be altered by appropriate 
nutritional measures. 

The chronic nature of atherosclerosis, coupled 
with the rigidity of human dietary habits, 
preclude a directed experiment but human 
cultural groups are sufficiently diverse to supply 
natural material for the investigation of these 
problems. Such a study has been undertaken 
with groups of North and Central American 
subjects which habitually consume very differ- 
ent diets. The serum lipid measurements of 2 
rural Central American group have been com- 
pared with those of both urban Guatemalans 
and North Americans who consume much more 
protein, fat and cholesterol. Striking differences 
in the cholesterol levels and in the serum lipid 
patterns have been encountered. 


PROCEDURES 


Selection of Subjects. The Central American 
subjects were of two categories. Group A in- 


cluded persons of predominately Mayan Indian 
origin and cultural characteristics residing in 
rural, highland villages. Careful cultural, clinical 
and dietary observations had previously been 
carried out by workers from INCAP in the 
majority of the villages used in this study.’~" 
The individuals were all volunteers who were 
given a brief physical examination which in- 
cluded the measurements of height, weight, 
blood pressure and pulse rate. Those with 
acute or chronic diseases, and women who were 
pregnant or lactating were excluded when these 
conditions were revealed by the examination. 

Group B included persons residing in either 
Guatemala City or Antigua and living in a 
favorable economic situation. The majority of 
the males were physicians, army officers or 
other business and professional men. The women 
were members of the families of children attend- 
ing the “Guatemalan American School” in 
Guatemala City, the most expensive of the 
private schools. All had resided at least five 
years in Guatemala City and the majority were 
native born Guatemalans. These persons were 
also volunteers who appeared to be in good 
health. Measurements of height, weight, blood 
pressure and pulse rate were made and pregnant 
and lactating women were excluded. 

The North American subjects taken for com- 
parison are referred to as Group C. These were 
United States business and professional men and 
women, and office employees who were studied 
at the time of an annual health protection 
examination given by their organizations. The 
group does not include low income or poorly 


* From the Department of Nutrition, Harvard School of Public Health, Boston, Mass., and the Institute of Nutrition 
of Central America and Panama (INCAP), Guatemala City, Guatemala. The Institute of Nutrition of Central America 
and Panama is a cooperative activity of Costa Rica, Zl Salvador, Guatemala, Honduras, Nicaragua and Panama, 
administered by the Pan American Sanitary Bureau, Regional Office for the Americas of the World Health Organiza- 
tion. This study was supported in part by grants from the National Heart Institute (No. 932-C) of the National Institutes 
of Health, Public Health Service, Bethesda; the American Meat Institute, Chicago; and the Albert and Mary Lasker 
Foundation, New York City. A portion of this work was done while the senior author was an established investigator 


of the American Heart Association. 
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nourished individuals. These subjects were 
examined by.a physician, a medical history was 
taken and the blood pressure recorded. A urine 
sample was examined for sugar and protein, and 
an electrocardiogram was taken. Subjects with 
evidences of acute or chronic disease were 
eliminated from the study. Those with a blood 
pressure exceeding 140/90, with an abnormal or 
questionable electrocardiogram, with an ab- 
normal finding in the urine examination or with 
a history of cardiovascular disease were also 
excluded from the present considerations. 

Dietary Methods. The diets of the Central 
American subjects of Group A were evaluated 
by seven-day family diet surveys collected by 
nutritionists familiar with the language, customs 
and foods of those people. These surveys were 
carried out in three of the six communities 
sampled, and in two other villages in the study 
area. In these surveys each family was visited 
daily and food portions were weighed when 
possible. The individual nutrient intakes were 
estimated using a food composition table based 


on the analysis of Central American foods!? 


and with dietary allowances modified from those 
of the National Research Council (U. S.) to 
conform with local environmental conditions 
and mean body weights. The data shown 
represent the findings in a combined sample of 
eighty-two families which, while not always 
incuded in the serum study, are believed 
representative of those subjects. 

Randomly selected subjects in Group B, the 
urban Guatemalan business and professional 
persons, were requested to keep a record of 
their individual food consumption for a period 
of seven days. This was supplemented with 
personal interrogation when the questionnaires 
were returned. Fifteen of the persons cooperating 
were women, and eight were men. 

The dietary approximations of the United 
States subjects of Group C were representative 
of those described in the literature.14.15 

Laboratory Methods. ‘The blood samples were 
collected in the field in Central America. These 
were immediately transported to the INCAP 
laboratory and the serum recovered and placed 
in labelled tubes for transport by air to Boston. 
Serum samples were kept at 0—5?c. during 
transport. The analyses were begun three to 
five days after the blood was drawn. Lipoproteins 
were measured with the ultracentrifuge by the 
method of Gofman et al!* Cholesterol was 
measured by the method of Abell et al.!! The 


reliability of these methods in our hands has 
been described.!? 

Statistical Methods. ‘The laboratory data for 
each group were first considered according to 
sex and decade of age. Comparison of means of 
these groups were made after a logarithmic 
transformation of the measurements in order 
to minimize skewness of the distributions.!? This 
process leads to an asymmetric distribution of the 
arithmetic variance about the means so that 
both positive and negative standard deviations 
are shown. 


The relative weizhts ( 00 x MM) 


. ideal weight 
were computed for all subjects on which height- 
weight data were available. For lack of more suit- 
able reference data, the tables of Ideal Weight of 
the Metropolitan Life Insurance Company*??^?! 
were used for both the North and Central Ameri- 
can groups. If the “ideal weights" of the Central 
Americans are in tact less than those of North 
Americans, this procedure would tend to 
overestimate the leanness of those subjects and 
to minimize rather than accentuate the differ- 
ences upon which the conclusions have been 
based. The analyses of covariance?? used to 
make adjustments for the differences of relative 
weight among the groups were applied to 
age ranges of sub:ects which were shown to 
have rectilinear slopes of the age-serum lipid 
regressions. 


RESULTS 


The diets of the subjects of Group A were very 
different from those of Groups B and C. The 


greatest single difference appeared to be the 


much lower proportion of fat calories in the 
largely vegetarian Central American group. A 
summary of the dietary habits of families in the 
five Central American villages measured is 
shown in Table 1. These data are to be compared 
with the urban Guztemalan and North Ameri- 
can dietaries summarized in the same table. ‘The 
fat content of the diets of Group A subjects was 
comprised almost entirely of the intrinsic fat of 
the corn and other vegetable foods in the diet. 
There was little or no free or added fat. It will 
be noted from Table 1 that the diets of Groups 
B and C are similar. 

Summaries of the serum lipid findings for the 
three groups are shown in Table n for males and 
females, respectively. The data are grouped 
according to age and the transformed means and 
the positive and negative variances computed as 
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anti-logs of the transformed measurements are 
shown. The evaluations of the significance of 
observed differences of means were done with 
the transformed data, 

A striking characteristic of the data in Table 
ir is the low serum cholesterol levels of the rural 


than those of age- and sex-matched North 
Americans. It was also of interest that there 
was no real difference of cholesterol’ levels 
between males and females among the rural 
Guatemalans of Group A. | 

The trends of lipoprotein levels with age were 


TABLE I 
DESCRIPTION OF THE STUDY GROUPS AND THEIR DIETARIES 





Number of 
Sera Analyzed 




















Daily Intakes 





Group Occupation Fat 
Protein % Proportion 
Male | Female Calories; of N.R.C. of Calories 
Allowance Animal | Vegetable | from Fat 
(gm./day) | (gm./day) (96). 
A, rural Central ; 
Americans 112 91 | Hand crafts, 2506 * 125 13 8 8 
agriculture, 
household 
B, urban Central 92 71 | Business, 28101 141 68 43 36 
Americans professional, 
household 
C, urban United | 1,110 265 | Business, 32501 134 140 40 





States professional, 


office workers 


tions for a “reference” level of activity. 


* This intake represents 110% of requirements calculated on the basis. of N.R.C. and FAO calorie recommenda- 


t This represents 118 % of the calculated calorie requirements and 117% of the protein recommended for males and - 
120% of the calories and 122% of the protein for females. In general these persons are much less active physically than 


those in Group A. 


Í It is remarkable that there are so few adequate dietary appraisals of well-nourished United States citizens. Exten- 
sive references to this kind of information may generally be traced to Department of Agriculture data on “food available 
for consumption." This is obviously not adequate for the present purposes but would seem to represent a correct order of 


magnitude. 


Guatemalan subjects of Group A. This differ- 
ence of cholesterol levels is the more remarkable 
because of the similarity of the lipoprotein levels 
of the three groups. When differences of the 
mean lipoprotein levels occurred among the 
groups, they were usually increases of the Central 
American levels above the North American 
level. This was particularly marked among the 
Group A females who showed elevation of al 
classes of lipoproteins above the North American 
level. The serum cholesterol levels of the business 
and professional groups of Guatemala and the 
United States were similar. In eight of the 
sixteen comparisons made, the lipoprotein 
levels of the urban Guatemalans were higher 
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generally similar in all the groups. These showed 
a parabolic change with increasing age. Figure 1 
illustrates these trends for the males and females, 
respectively. 

The data were then examined for explanations 
of these observed differences. Since serum lipid 
levels have been shown to be positively cor- 
related with relative weights in North American 
subjects by Dawber et al.?? (see Walker?*) and by 
Gofman and Jones,?* it was of interest to study 
the relation of relative body weights to the serum 
lipid differences observed here. The relative 
weights of the Central American subjects of 
Group A were consistently less than those of the 
North Americans. (Table m.) These Central 


28 | . Serum Lipoprotein and Cholesterol— Mann et al. 


Americans showed a downward trend of 
relative weight with increasing age in contrast 
to urban Guatemalans and North Americans 
whose trend of relative weight was upward with 
increasing age. 


The covariance analysis which takes account 
of the third variable, relative weight, in the 
comparison of the two primary variables, 
environment and lipid levels, indicated that 
relative weight was of minor importance in the 


TABLE II 
SERUM LIPOPROTEIN AND CHOLESTEROL LEVELS OF CENTRAL AND NORTH AMERICAN SUBJECTS ACCORDING 
TO AGE AND SEX 
(Concentrations are milligrams per 100 ml. serum; data not adjusted for body weight differences) 









Group 
A B C . Mean 
dus Rural Guatemala Urban Guatemala United States F Ratio ( differing 
(yr.) Group Significant roit 
(p <0.05)* mean of 
Group C)1 





20-29 | 5:12-20 13125 +11 — 7 21 | 26 +24 





S,35—100 38 +37 —19 71 +66 —3 40 4- 40 — 20 + BT 
Cholesterol 139 +24 —21 172 +65 —47 206 +308 —124 J- Al 
30-39 | S12-20 34129 417 —11! 38 | 35 +24 —141 230 | 24 +34 -—16|: — 
$135-100 41 +43 —21 87 +102 —47 54 +60 —28 + Ai BT 
Cholesterol 143 +33 —27 210 4-50 —41 218 +329 —131 + Al 
40-49 | S12-20 18 | 27 +24 -—-13) 22 | 34 +22 —14| 490 | 36 +34 —18 ~ 
S:35—100 49 +69 —29 79 +62 —35 53 4-57 —28 -+ Bf 
Cholesterol 144 +49 —37 186 +51 —40 233 +357 —141 + Al 
50-59 | S$,12-20 16126 +23 —121 8| 42 +16 —12| 254 | 34 +32 —16 — Al Bf 
S:35—100 35 +52 —21 81 +69 —37 47 +50 —24 +4- ^d BT 
Cholesterol 136 +41 —31| (210 +37 —32 232 +356 —140 + A 
Il, Females 
20-29 | S12-20 22 | 30 +20 —12] 20 | 22 +19 —111 43 | 21 +16 -—10 + AT 
§35-100 47 +74 —28 32 +23 ~1 16 +17 —8 + AT 
Cholesterol 147 +34 —28 172 +52 —39 189 +69 —51 +. Al 
A E 2 
30-39 | S112—20 15 137 +24 —14 24: 29 +18 —11| 51 24 +15 —10 + AT 
S:35-100 58 +57-—29 41 +48 —22 18 +32 —11 + AT BT 
Cholesterol 156 +33 —28 200 +45 —36 208 -+47 —39 4 Al 
40-49 | S112-20 +21  —11 + AT 
S:35—100 4-28  —12 = AT 
Cholesterol +48 | —29 J- Al 
50-59 | S12-—20 +20  —13 4- Bf 
8135-100 +29 — -+38 —27 -+ AT BT 
Cholesterol +67 —46 +61  —48 + Ai 





* Results of a test by the F ratio of variances of the probability that the observed differences of means of the three 
groups are greater than would be expected from sampling theory alone. 

t Analysis of the group differences by the “t” test in order to identify which means differ with a probability of 5% 
or less that the observed difference is sampling error. The arrow indicates the direction of the difference from the mean 


of Group C. 
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Group A -Rural Guatema an, 


29 


Group B - Urban Guatemalan 


Group C - North American 


Serum 
Lipoprotein 


S35- i00 
mg % 


S, i2-20 
mg % 


Serum Total 
Cholesterol 
mg% 





ioO 
20-29 


30-39 40-49 
Age - Years 


50-59 


Serum Total 


FEMALES 
Serum 
Lipoprotein 


$35-100 
mg % 


S;12-20 
mg % 


Cholesterol 
mg % 





20-29 


30-39 
Age - Years 


40-49 50-59 


Fic. 1. A comparison of the levels of serum cholesterol and two classes of lipopro- 
teins among subjects consuming different diets. 


comparison. While the subjects of Group A, 
both male and female, were lighter than the age- 
matched subjects of either Group B or C, this 
fact did not greatly influence either the direction 
or magnitude of the observed differences of 
serum lipid components between the groups nor 
did this adjustment affect the conclusions drawn 
from these data. 


COMMENTS 


These observations indicate the presence of a 
distinct difference between the serum cbolesterol 
levels of rural Guatemalan subjects and those of. 
either urban Guatemalans or North Americans. 
The cholesterol levels of the rural Guatemalans 
are sufficiently different at all adult ages so that 
they would permit an accurate discrimination 
between the subjects using this characteristic 
alone. 'The serum beta-lipoprotein levels were in 
contrast to this difference for they were generally 
similar among all the groups and such differ- 
ences as occurred were in either direction. The 





'lABLE HI 
OBSERVED WEIGHT 
RELATIVE WEIGHTS | — —7———————-— 
IDEAL WEIGHT 


AND SEX FOR RURAL GUATEMALANS, URBAN GUATEMALANS 
AND UNITED STATES SUBJECTS 


x 100) BY AGE 








Group 
Group 
B Mean 
Age Rurai Urban : C (differing 
(YT) | Guatemalans | Guatemalans | United States from 
mean of 
Group C)* 
x SEg x SEg X SEx 
Males: 
20-29 96 + 2.77 98 + 2.84 | 107 + 1.82 A Bl 
30-39 96 + 1.54 | 107+ 2.19 | 107+ .73 | A 
40-49 | 9341.89 | 109 +2.35 | 1104 .45 | Al 
50—59 76 € 2.00 | 106 t 4.95 | 111 + .88 Al B 
Females: 
20-29 | 100 + 3.41 92 + 2.29 | 103 + 2.47 Bl 
30-39 93 42.58 | 100 + 2.25 | 107 + 2.55 Al Bi 
40-49 94 + 3192 | 105 + 3.75 | 106 + 1.55 A 
50-59 83 + 3.33 | 105+ 5.38 | 106 + 2.53 A 





* A |—mean of Group A significantly < Group C (p < 0.05) 


greater leanness of the Central Americans aps RE —-mean of Group B significantly < Group C (p < 0.05). 
t ft ad 
JuLv, 1955 QOLLtLe 
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pears to be of minor importance in determining 
the low serum cholesterol levels observed in that 
group. On the other hand if, as is suggested in 
Table ur by the increasing relative weights at 
successive ages, the urban Guatemalan and 
North American subjects were not in caloric 
equilibrium but were slowly gaining weight, a 
part of the observed serum cholesterol d:ffer- 
ence might be attributed to this process of 
“becoming fat" rather than to simply being fat. 
This effect of positive caloric balance has been 
demonstrated in short-term experiments.? The 
present cross-sectional study will not provide 
further information on this point. 

The interpretation of the observed lipoprotein 
differences is more complicated because the 
differences were both smaller in amount and 
variable in direction. The S; 12-20 lipoprotein 
differences were in opposite directions for raales 
and females, the male Central Americans of 
Group A often showed lower levels than the 
North Americans but the female Central Ameri- 
cans showed generally higher levels. Since the 
serum cholesterol and lipoprotein measurements 
are in part representative of the same materials 
and since a small but real correlation between 
the measurements has been demonstrated, ?9.?7 
the direction of the differences found in the 
male groups was expected. The difference of 
cholesterol levels appears disproportionately 
greater, however, when appraised by the stand- 
ards of experience with North American sub- 
jects.?5 The measurements of female Central 
American subjects of Group A are unique, for 
they combine low cholesterol levels with high 
lipoprotein levels when compared with age- 
matched North American females. 

This unusual combination is rarely seen 
among North American subjects. We have col- 
lected a small series of similar measurements 
which we call the “Blumenthal pattern" after 
the first subject in whom it was seen.?? In almost 
10,000 observations of human serum we have 
found only seventy similar patterns. The vltra- 
centrifugal appearance of such a serum is 
characterized by a low main peak (S; 0-8) with 
an abundance of material in the region Si 
12-100. The sera are clear and the cholesterol 
level is generally below 200 mg. per cent. There 
are no obvious common patterns of diet or 
clinical description among the seventy subjects 
with this type of sera and the Central American 
subjects. 

Inspection of the dietary evaluations of the 


rural Central American subjects indicates an 
average caloric intake which exceeds the Na- 
tional Research Council allowance for persons 
of this weight and environment by about 10 per 
cent. This observation taken with the relative 
weight data indicating that the Central Ameri- 
cans of Group A were on the average 15 per 
cent leaner (and we have probably under- 
estimated this leanness by the use of North 
American height-weight standards) than either 
urban Guatemalans or North Americans implies 
that the differences must be accounted for by 
larger caloric expenditures in the rural Central 
Americans. Consideration of the activity re- 
quirements of people in such an agrarian culture 
indicates this 1s a reasonable explanation. 

After extensive studies of such people, INCAP 
recomendations?’ for persons in Group A in- 
clude 200 more calories daily for a 55 kg. man of 
age 25 and 500 more calories for a 50 kg. woman 
of this age than are recommended by the Calorie 
Committee of the Food and Agriculture Organ- 
ization*! and the National Research Council 
(U. S.).8? It is then possible that the magnitude 
of caloric turnover is an important factor in 
determining the lipoprotein content of blood 
serum. This suggestion is also logical if we 
accept the hypothesis which places the serum 
lipoproteins as a spectrum of specialized lipid- 
bearing proteins along which dietary lipids are 
passed in preparation for tissue utilization.?? 

The data of Walker et al.? indicated that these 
lipoproteins and the serum cholesterol] were 
significantly increased by a period of positive 
caloric balance even when this was obtained 
with a very low fat dietary intake. We may 
suppose that a large caloric intake, even low in 
fat, when balanced by a large caloric expendi- 
ture might selectively increase the serum lipo- 
proteins since these must serve the physiologic 
transport function. The serum cholesterol level 
ón the other hand is determined primarily not 
by the type or magnitude of the intake but 
rather by the nature of the caloric disposal. 
When the excess calories are stored as fat, the 
cholesterol level rises; and when the calories 
are distributed as heat and energy, the choles- 
terol level is low. This or some other mechanism 
of semi-independent control of cholesterol and: 
lipoprotein levels in the blood seems necessary 
to explain the irregular correlation of these 
quantities in human blood which are observed 
in cross-sectional studies!* among North Ameri- 
can subjects. 
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On the basis of population studies, Keys has 
arrived at the conclusion that serum cholesterol 
levels are related to the presumed dietary intake 
of fat.?* The present groups were selected for 
study with the intent of comparing persons 
consuming diets of widely varying fat content. 
The dietary appraisals confirmed the large 
magnitude of the differences in fat intake. The 
basic question is, therefore, whether the serum 
lipid differences observed can be explained, 
wholly or partially by this dietary difference. 
Although the cholesterol differences encountered 
are consistent with a hypothesis relating choles- 
terol levels to fat intake, the differences of levels 
observed among the groups are not so readily 
explained because of the marked dissociation of 
serum cholesterol] and lipoproteins observed 
among rural Guatemalans. Experimental manip- 
ulation of dietary lipids in human??? and labora- 
tory animal subjects?* has not indicated such ar 
effect. Most other human studies have -not 
measured both the serum cholesterol and lipo- 
protein levels. 

It still remains to be determined whether the 
Central American or similar material can 
resolve the uncertainty of the relative impor- 
tance of the serum cholesterol and the serum 
lipoproteins in the pathogenesis of athero- 
sclerosis. Since the Guatemalan subjects of 
Groups A and B appear to offer unique advan- 
tages in studying that question, anatomic mate- 
rial is now being gathered. 


SUMMARY 


1. The total cholesterol and beta-lipoprotein 
measurements of the blood sera of a graup cf 
rural Central American subjects subsisting on a 
largely vegetarian and very low fat diet have 
been compared with those of urban Guatemalaa 
and North American subjects who habitually eet 
large amounts of fat. 

2. The rural Central American subjects, both 
male and female, were shown to have lower 
mean cholesterol levels at all ages s-udied 
than did the other groups. There was litte 
evidence of the typical North American increase 
of serum cholesterol level with age among these 
Central Americans. There was no sex-deter- 
mined difference of mean cholesterol levels ky 
decade among the rural Central Americen 
subjects. The cholesterol levels of urban Guate- 
malans living in a good economic status were 
similar to those of North Americans. 

3. The serum lipoprotein differences observed 
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among the groups were variable. They were 
only slightly and irregularly lower in the rural 
Central American males than in the North 
Americans and the beta-lipoproteins of the 
females of this group were frequently at higher 
levels than those of the North Americans. The 
urban Guatemalans showed lipoprotein levels as 
high or higher than those of the North American 
group. 

4. These cholesterol and lipoprotein level 
differences could not be explained by the greater 
leanness of the Central Americans although this 
factor could be shown to have a small effect. 

5. 'The greater leanness of the rural Guate- 
malan group taken with higher caloric consump- 
tion of that group suggests that the serum 
lipoprotein levels may be dependent upon the 
magnitude of energy turnover whereas the 
serum cholesterol levels are increased by energy 
accretion or fat deposition. 

6. The differences in dietary fat intake among 
the groups do not serve to explain the serum 
lipid differences because they do not permit an 
explanation of the dissociation of cholesterol and 
lipoprotein measurements which is unique in the 
rural Guatemalans. 

7. These Guatemalan populations appear to 
be a useful place to evaluate the relative impor- 
tance of serum beta-lipoprotein and cholesterol 
levels in atherogenesis. 
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Vascular Disease with Papilledema" 


One Hundred Twenty-six Patients Treated with Rice Diet 
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Durham, North Carolina 


HE prognosis in patients with hypertensive 

vascular disease and papilledema has al- 

ways been grave. Until 19441 there was 
no medical treatment for this condition; since 
then a number of cases of malignant hyperten- 
sion treated successfully with the rice diet have 
been reported.?-15 

The purpose of this paper is to describe the 
clinical course of this disease as seen in 177 
patients (treated and untreated) examined 
between October, 1942, and October, 1953, on 
our service. This series includes every patient 
with hypertensive vascular disease admitted dur- 
ing this period in whom the presence of neuro- 
retinopathy was confirmed by fundus photo- 
graphs. (Patients with chronic nephritis, i.e., 
history of albuminuria preceding hypertension, 
and polycystic kidney disease are not included.) 

An attempt was made to treat all these pa- 
tients with the rice diet. However, of these pa- 
tients eighteen never actually took the rice diet. 
Sixteen of the eighteen are known to have died; 
in one no follow-up information is available. 
Only one of these eighteen patients, E. B., who 
was treated intermittently over a five and one- 
half months’ period, is still living, nine years 
after she was first seen here. The clinical course 
in these patients was similar to that described by 
Wagener and Keith.!* In their series of 146 
patients with malignant hypertension without 
any special therapy only one survived five vears 
and 79 per cent died within the first year after 
examination. 

Thirty-three patients were willing to take the 
rice diet but this treatment had to be discon- 
tinued because they were unable to retain so- 
dium or, in some cases, chloride in the serum 


when subjected to severe dietary restriction (less 
than 150 mg. sodium, less than 200 mg. chloride 
daily). 

The rice diet was given for varying lengths of 
time to 126 patients. In three of these patients 
the follow-up information is incomplete and in 
three the follow-up period is too short, since 
treatment was started within the past year 
(these three are doing well). This leaves a . 
total of 120 patients with malignant hypertension 
who were treated with the rice diet and in whom 
the effect of the rice diet on malignant hyper- 
tension can be studied. Fifty-two of these 120 
patients are living. | 

Most of these patients, after an initial period 
usually of two to four months on the “‘basic”’ 
rice diet, received a **modified" rice diet which 
included small amounts of potato, cereals, non- 
leguminous and leguminous vegetables, meat, 
et cetera. In patients who continued under 
supervision the diet was increasingly liberalized 
as improvement permitted. Other patients 
discontinued the diet at various stages of treat- 
ment, but most of them continued to follow a 
salt-poor, fat-poor diet. 

The urinary excretion of chloride, calculated 
as NaCl, on the basic rice diet, except in pa- 
tients who are losing edema or who are acute or 
chronic salt losers) should be 5 to 15 mg. per 
100 cc. urine (determined in a twenty-four-hour 
urine collection) if properly adhered to; on the 
"modified" rice diet, if correctly followed, it 
should be 15 to 25 mg. The chloride excretion in 
the urine therefore is a guide to whether or not 
the diet is being followed correctly. 

Three of the 120 patients were between twenty 
and twenty-nine years of age, seventeen be- 


* From the Department of Medicine, Duke University School of Medicine, Durham, N. C. This investigation was 
supported in part by a research grant from The Nationa. Heart Institute, National Institutes of Health, Public Health 
Service; and in part by the Anna H. Hanes Fund and by zhe Walter Kempner Foundation. 
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tween thirty and thirty-nine, fifty between forty 
and forty-nine, thirty-eight between fifty and 
fifty-nine, twelve between sixty and sixty-nine 
when the treatment was started. Of the fifty- 
two patients who are living two were between 
twenty and twenty-nine when the rice diet was 


TABLE I 
TOTAL PSP EXCRETION IN TWO HOURS AND SURVIVAL" 





Sürvived 


Total PSP 


Excretion Number Number 
of 
in 2 Hours Patients Dead Over ios 
(76) 6 Months | 1 Year 
Not done. .... 1 1 0 0 
ae bo eee eee 15 15 1 0 
16S eaeos era 7 7 0 0 
26-35........ 8 8 0 0 
3054 E alae 1 1 0 0 
Above 46..... 1 1 0 0 
33 33 1 EU 





* 33 patients: NaCl or Cl added to diet. 


started, five between thirty and thirty-nine, 
twenty-three between forty and forty-nine, 
sixteen between fifty and fifty-nine and six 
between sixty and sixty-nine. In our series age 
was not a significant factor in prognosis. 


RENAL AND ELECTROLYTE STATUS 


The two most important factors influencing 
the effectiveness of the rice diet in the treatment 
of malignant hypertension are the renal status 
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(especially since salt-losing often precludes the 
use of the diet in patients with advanced renal 
involvement) and the length of time the patient 
is willing to adhere rigidly to treatment. 

In Tables 1 to rv the survival times of the 120 
patients treated with the rice diet and of the 
thirty-three patients to whom supplementary 
NaCl or Cl was given are correlated with the 
renal function and abihty to conserve electro- 
lytes: (1) Total PSP excretion in two hours 
(Tables r and 1); (2) blood non-protein nitrogen 
concentration (Tables rr and 1v); (3) inability 
to maintain adequate sodium and/or chloride 
levels in the serum on the rice diet. (Tables 1 
and rni.) | 

Tables 1 and m1 list the thirty-three patients in 
whom drastic salt restriction was not carried out 
because of inability to conserve sodium and/or 
chloride in the serum. Tables r1 and rv list the 
120 patients who were treated with the rice diet. 

In Tables 1 and i1 the patients in both groups 
are listed according to the PSP excretion at the 
beginning of treatment. There were five patients 
who were critically ill in whom the PSP was not 
determined; all died in less than one year. ‘There 
were twenty-eight patients with a total PSP 
excretion, in two hours, between 0 and 15 per 
cent. Twenty-six of the twenty-eight died in less 
than one year and none survived twenty-five 
months. Fifteen were salt losers receiving salt and 
thirteen were not, but with a total PSP excretion 
below 15 per cent in two hours the prognosis is 
nearly as bad in patients who do not lose salt as 
in those who do. 

There were forty-seven patients in whom the 
tota] PSP excretion was between 16 and 35 per 


TABLE I 





TOTAL PSP EXCRETION IN TWO HOURS AND SURVIVAL” 


Survived One : n 
Patients Living 


Year 
Total PSP Excretion in 2 Hours Number Number 
of 
(90) Pati Dead 
atients Vian 
Number | (%) | Number | (%) laviera ge) 

INGE-ClONGY 6.06.2 mecs ete eee es 4 4 0 0 0 0 
QT. cose let A AR EA s 13 13 2 15 0 0 
16-3 S sce xe ee ae hee Ro Weis 32 21 19 59 11 34 3 
30-5894 220 at s S Nei ata teo 34 19 26 76 15 44 416 
Above 56. cria vali D ain I Y deas 37 11 34 92 26 70 5 

120 68 81 67 52 45. 4 








* 120 patients treated with rice diet. 
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cent in two hours. Nineteen (40 per cent) of the 
forty-seven patients survived one year; eleven 
(23 per cent) are still living with an average 
survival time, so far, of three years. Fifteen of the 
patients in this group were salt losers and re- 
ceived salt; all of them died. 

There were thirty-five patients with a total 
PSP excretion between 36 and 55 per cent in two 
hours. Only one patient was a salt loser and 
received salt. Twenty-six (74 per cent) of the 
thirty-five patients survived one year; fifteen 
(43 per cent) are still living with an average 
survival time, so far, of four and one-half years. 

There were thirty-eight patients with a total 
PSP excretion in two hours of 56 per cent or 
more. Only one patient was a salt loser and re- 
ceived salt. Thirty-four (89 per cent) survived 
one year; twenty-six (68 per cent) are still living 
with an average survival time, so far, of five 
years. 

In Tables m and tv the patients in both groups 
are listed according to the initial non-protein 
nitrogen concentration in the blood. The non- 
protein nitrogen was over 60 mg. per 100 cc. of 
blood in thirty-seven patients. Twenty of the 
thirty-seven patients were salt losers and received 
salt; all twenty died. Of the seventeen who were 
treated with the rice diet, only three survived 
one year and only one (initial non-protein 
nitrogen 75 mg. per 100 cc. of blood; total PSP 
excretion in two hours 20 per cent) is still liv- 
ing four and one-half years after the start of 
treatment. 

In eighty-seven patients the non-protein nitro- 
gen was between 35 and 59 mg. per 100 cc. of 


35 


blood. Twelve of these patients were salt losers 
and received salt; all twelve died. Seventy-five 
were treated with the rice diet. Fifty-five (63 per 
cent) of the eighty-seven patients survived one 
year; thirty-seven (43 per cent) are still living 
with an average survival time of four years. . 


TABLE 10 
INITIAL BLOOD NPN LEVEL AND SURVIVAL* 


NPN Survived 
(mg. per | Number 
100 cc. of of 
blood) Patients Over Over 
(Range) 6 Months | 1 Year 
Over 100 6 0 0 
7516 99, sai 6 0 0 
60 to 74...... 8 0 0 
50 to 59...... 3 0 0 
35 to 49...... 9 1 0 
Below 35..... 1 0 0 
33 i 0 





* 33 patients: NaCl or Cl added to diet. 


In twenty-nine patients the non-protein 
nitrogen was below 35 mg. per 100 cc. of blood. 
One patient was a salt loser and received salt. 
Twenty-three (79 per cent) of the twenty-nine 
patients survived one year; fourteen (48 per cent) 
are still living with an average survival time so 
far of four years. 

The thirty-three patients who developed 
severe electrolyte imbalance are listed in Tables 


TABLE IV 
INITIAL BLOOD NPN LEVEL AND SUEVIVAL * 





NPN (mg. per 100 cc. of blood) er N 
(Range) Patients 

Over TOO su d ee IERA OP eO ERECTA a 4 
75] 6 ida ce ks Sat ip erac Ei 5 
604. on epe deese ILE CIE 8 
BOBO. rusos cpu Wee eaa Sep n 12 
35240 or ecoute Re mci E tier a 63 
Below 35.224 v9 EE xk Eae bb x 28 

120 


Survived One 


Patients Living 


Year 
umber ——. 
Dead 
Y 
Number | (95) | Number | (90) S 
4 1 20 1 20 416 
g 2 25. 0 0 T 
32 47 76 31 49 4 
14 23 82 14 50 4 
68 81 67 52 43 4 





* 120 patients treated with rice diet. 
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1 and m; in these patients the rice diet treatment 
was discontinued. . Development of marked 
electrolyte disturbance during drastic sodium 
and chloride restriction is a most ominous s:gn. 
Sodium chloride was given to fourteen during 
the first month of treatment, to seven during the 


(PSP excretion in the first fifteen minutes be- 
low 15 to 20 per cent), advanced renal impair- 
ment does not preclude an attempt at treatment 
with the rice diet and such treatment is not dan- 
gerous if the electrolyte balance can be con- 
trolled. The criteria for selection of patients for 


TREATED LESS THAN ONE YEAR THEN DISCONTINUED SUPERVISED TREATMENT 


1 living 


] living 


NUMBER OF PATIENTS 
UO 


I4 dead 





TREATED AT LEAST ONE YEAR THEN. DISCONTINUED SUPERVISED TREATMENT 


ý | 1 dead 


0 


TREATED AT LEAST ONE YEAR ANO CONTINUED SUPERVISED TREATMENT 





4 dead 









O 2 4 6 


DURATION OF FOLLOW-UP (YEARS) 


M Supervised treatment 
Supervised treatment, but not corectly followed 
CJ Supervised treatment discontinued 
wo Exact date of death unknown 


Fic. 1. Survival time and period of treatment (thirty patients, total PSP excretion in two 
hours, 35 per cent or less). Living, eleven patients; dead, nineteen patients. 


second month and to seven during the third 
month. Five received chloride as NH,Cl, KCl 
or HCI during the second to seventh week. All 
thirty-three patients died; twenty-seven died in 
Duke Hospital after an average of seventy-cne 
days, and the other six died shortly after return- 
ing home (one to four months after first being 
seen in our clinic). In general, the likelihcod 
of electrolyte loss on the rice diet is greater in 
patients with a low PSP excretion and/or 
marked azotemia. However, the inability to 
conserve electrolytes may, in-some instances, be 
the chief manifestation of renal dysfunction and 
may occur in the absence of severe impairment 
of PSP excretion or of marked azotemia. 

In contrast to surgical measures,!7?? which 
are contraindicated when there is nitrogen 
retention or even moderate renal impairment 


drug therapy have not yet been worked out; 
renal impairment, advanced age, cerebral and 
coronary artery involvement may under cer- 
tain circumstances”)? contraindicate the use. of 
hypotensive drugs; they do not contraindicate 
the use of the rice diet. However, Tables 1 to 1v 
indicate that far advanced renal impairment 
seriously diminishes the chances of successful 
treatment with the rice diet, as with other forms 
of treatment of malignant hypertension. 


TIME FACTOR 


Since 1944! it has been known that the malig- 
nant phase of hypertensive vascular disease can 
be reversed by the rice diet; occasionally we have ' 
seen papilledema disappear within as short a 
time as one month, and six months of treatment 
with the rice diet is usually enough to cause 
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malignant hypertension either to revert to 
“benign” essential hypertension or to disappear 
completely. 

However, the period of treatment required for 
modification of the underlying vascular disease 
and the degree to which it can be modified are 


treatment. With one exception (a patient who 
followed the diet poorly and died within eighteen 
months after first being seen in our clinic), 
the malignant phase of the disease had disap- 
peared within one year in all patients treated for 
that length of time. The subsequent course of 


TREATED LESS THAN ONE YEAR THEN DISCONTINUED SUPERVISEO TREATMENT 


5 living 





8 living 


NUMBER OF PATIENTS 








19 dead 


TREATED AT LEAST ONE YEAR THEN 2ISCONTINED SUPERVISED TREATMENT 


8 dead 


TREATED AT LEAST ONE YEAR AND CONTINUED SUPERVISED TREATMENT 





6 8 


E Supervised treatment 


Supervised treolmeant, but not correctly followed 


O Supervised treatment discontinued 
XXX Recurrent malignant hypertension 
ooo Exact dote of deoth unknown 


i0 0 2 4 
DURATION OF FOLLOW-UP (YEARS) 


Fic. 2. Survival time and period of treatment (seventy patients, total PSP excretion in 
two hours, 36 per cent or more). Living, forty-one patients; dead, twenty-nine patients. 


more variable. In patients with the most severe 
involvement, uninterrupted maximal dietary 
treatment (as checked by a chloride excretion 
below 15 mg., expressed as NaCl, per 100 cc. of 
urine) may be necessary for years or in some 
cases perhaps indefinitely to maintain improve- 
ment. On the other hand, one patient, age 
twenty, had a normal blood pressure after two 
months on the rice diet, and her blood pressure 
is still normal five and one-half years after she 
had had malignant hypertension, although for 
the past three years she has been on a normal 
diet. v 

In Table v and Figures 1 and 2 the survival 
times are given according to the duration of 


jur, 1955 


these patients was influenced by the severity of 
the underlyinz cardiovascular renal disease and 
the intensity and duration of treatment. In some 
patients improvement has been continuous; in 
others the vascular disease has remained sta- 
tionary; in others it has progressed and cardiac 
or renal failure, coronary or cerebral artery 
disease or oiher complications have caused 
death. The data on the present status of the 
patients are given here but it is not within the 
scope of this paper to discuss the effect of rice 
diet therapy on the course of hypertensive 
vascular disease except when it is in the malig- 
nant phase. 

There were one hundred patients (Table v) 


38 Rice Diet in Hypertensive Vascular Disease—Newborg, Kempner 


who were treated with the rice diet and were 
followed after the initial period of treatment; in 
these patients the relation of the length of time of 
supervised treatment to the survival time could 
be studied. (The eighteen patients who died in 
Duke Hospital during the initial period of 


since they discontinued the diet. Two are being 
treated elsewhere for heart failure, five have 
continued on a “‘salt-poor, fat-poor" diet; two 
have resumed a general diet. 

Forty-three of the one hundred patients 
continued treatment with the rice diet; they 


TABLE V 
RELATION OF LENGTH OF TIME OF SUPERVISED TREATMENT WITH RICE DIET TO SURVIVAL* 


Number 


Time of Supervised Treatment 


Patients 


bess than T years oue adu amato Sienna ate aes 


Over one year: 
Supervised treatment discontinued (after 1 to 714, 


Survived One Year Patients Living 





Years 
Number % Number (Average) 
20 51 6 3 
18 100 9 4 


average 3 yeati).. oe bUBEE ove Meine news 4 
Supervised treatment continued (1 to 91$, average 





* 100 patients treated with rice diet. 


t Seven of these patients died while supposedly following the rice diet; only three of the seven were following the 


diet correctly. 


I Of the six patients who died after the first year of treatment, only three were following the diet correctly. 


treatment and two patients in whom the PSP 
was not determined are omitted.) 

In thirty-nine of the one hundred patients, the 
period of supervised treatment was two to twelve 
months. Seven of the thirty-nine died during 
this period while supposedly still following the 
diet; only three of the seven were following it 
correctly. Thirty-two of the thirty-nine were 
treated for two to twelve months, and then to a 
greater or lesser extent discontinued the treat- 
ment; only six (19 per cent) of the thirty-two are 
still living. 

Eighteen of the one hundred patients were 
treated one to seven and one-half, average tàree, 
years and then to a greater or lesser extent dis- 
continued the treatment. Nine of these (50 per 
cent) are still living. In three instances malig- 
nant hypertension recurred two and one-half to 
three and one-half years after discontinuing 
treatment, and in two of the three papilledema 
again disappeared during a second: pericd of 
treatment with the rice diet, which was zgain 
discontinued; in one the malignant phase could 
not be reversed a second time; all three died. 
The nine who are living had been treated 
with the rice diet, strict and modified, fcr an 
average of three years before discontinuing it; 
they have survived an average of four years 


have been treated one to nine and one-half, 
average four years. Thirty-seven (86 per cent) 
of these are still living; of the six who died, only 
three were following the diet correctly. 

Since, as has already been indicated, there is a 
marked difference in survival of patients with a 
total PSP excretion below 35 per cent in two 
hours as compared to those with a total PSP 
excretion of 36 per cent or more in two hours, 
the effect of the time factor was studied in these 
two groups of patients separately. 

Thirty (Figure 1) of the one hundred patients 
had a PSP excretion (in two hours) below 35 per 
cent. Fifteen of these patients were treated six 
months or less. Eight died within the first year; 
six died after one to two, average one and one- 
half years; one is still living one year after treat- 
ment was started. 

Two patients discontinued treatment after 
one and one-half and two and one-half years, 
respectively; the first one died shortly thereafter; 
the other is still living two and -one-half years 
after discontinuing supervised treatment. Thir- 
teen have continued treatment from onë to 
five and one-half, average three years;.:nine 
(69 per cent) are still living. Of the four who died 


while: supposedly: still following: the’ diet, two 


were following it well as shown by a chloride 
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excretion, expressed as NaCl, usually below 25 
mg. per 100 cc. of urine (as compared to 5 to 
15 mg. on the basic and 15 to 25 mg. on the 
correctly followed “modified”? rice diet); two 
adhered to the diet poorly, chloride excretion 
44 mg. per 100 cc. of urine, average of the last 


treated less than six months; thirteen survived 
one year and five are still living (three years 
average after first being seen at our clinic). 

In forty-six patients the period of controlled 
treatment under our supervision was at least 
one year. Sixteen discontinued the diet after 


TABLE VI 
RETINOPATHY IN 100 PATIENTS TREATED WITH RICE DIET * 





Disappeared 





Disappeared 





Completely Partially No: Change 
Number Time in Number Time in Number Time in 
of Months of Months of Months 
Patients | (averages) | Patients | (averages) | Patients (averages) 
Papilledema (100 patients)... ........... 92 5 3 2 5 4 
Hemorrhages (90 patients) ......... sss 69 8 16 8 5 4 
Exudates (94 patients)... ores 56 15 30 7 8 5 


* Eyeground photographs available before and 1 to 121 months after treatment with the rice diet was started. 


five determinations in each of the patients. The 
nine who are still alive do not at all times follow 
the diet correctly; the average chloride excretion 
in the urine has been 25 to 40, average 32 mg. 
per 100 cc. (average of the last five to fifteen 
determinations in each instance). These patients 
continue to return here for examination and, if 
indicated, for short periods of strict treatment 
several times a year. 

Seventy patients (Figure 2) had a total PSP 
excretion of 36 per cent or more in two hours. In 
twenty-four the period of controlled treatment 
under our supervision was less than one year. 
Seven of the twenty-four died while supposedly 
still on the diet after six to nine, average seven 
and one-half months of dietary treatment; three 
were following the diet well (chloride excretion 
usually below 25 mg. per 100 cc. of urine); two 
were following the diet moderately well (chlo- 
ride excretion 36 mg. per 100 cc. of urine, 
average of the last three determinations in 
each instance); one was not adhering well to 
the diet (chloride excretion 53 mg. per 100 cc. 
of urine, average of the last five determinations); 
one had been given small amounts of toast and 
other additions to increase the salt content of 
the diet during the fourth month of treatment 
when electrolyte imbalance developed. The 
other seventeen patients in this group were 
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one to seven and one-half years: eight have 
died; eight are still living. 

Thirty continued to follow the rice diet, strict 
and modified: twenty-eight (93 per cent) are 
still living, one to nine and one-half, average 
four, years after first being seen here. Two died 
while supposedly still on the diet: one was 
following the diet well (chloride excretion 
usually below 20 mg. per 100 cc. of urine), the 
other was following the diet only moderately 
well (chloride excretion 35 mg., average of ten 
determinations). 


EFFECT OF RICE DIET ON RETINOPATHY 


In 100 of the 126 patients with malignant 
hypertension in whom treatment with the rice 
diet was used, eyeground photographs are 
available before and after 1 to 121 months of 
treatment. (Table vr, Figure 3.) All the 100 pa- 
tients had papilledema before treatment and in 
ninety-two it disappeared completely with 
treatment. The eight in whom papilledema was 
not affected or did not completely disappear 
died. 

Ninety patients had hemorrhages before 
treatment. In sixty-nine the hemorrhages dis- 
appeared completely after two to thirty-one 
months. In sixteen they disappeared partially 
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after two to thirty-one months. In five there 
was no change after two to eight months. In 
two patients hemorrhages developed during 
treatment but were not present at the most 
recent examination. In three patients in whom 
hemorrhages had disappeared, they recurred 
and were present at the most recent examination. 


2 to 6 mg. (two patients), apresoline? 50 to 


.150 mg. (twelve patients; one patient has 


taken as much as 400 mg. of apresoline at 
times), hexamethonium chloride 250 to 1500 mg. 
(eleven patients), and raudixin 50 to 150 mg. 
(nine patients). 

Table vu shows the length of treatment with 


TABLE VII 
FIFTEEN PATIENTS GIVEN HYPOTENSIVE DRUGS 



















Length of Chloride 
Dietary lreat- | Excretion 
Initials ment before | before Drugs 
Drugs Were | (as NaCl mg. 
Started per 100 cc. 
(mo.) of urine) * 


en ret || er MÀ —— | ———M M ———À—— || — ————— | M —— — | — M —— —— — | v—— M —————— 


E. N. 30 30 
J. N. 30 - 40 
H. G. 24 28 
H. L. 21 37 
L. M. 20 21 
J. M. 18 105 
W. L. 17 63 
W. R. 14 36 
B. T. 14 23 
L. R. 9 36 
P. C. 9 26 
J. € 8 40 
J. W. 6 34 
J. K. 14 | 
M. B.$ 0 










Medication at Most Recent Fundi 

Fundi before | Examination (mg. daily) at Most 
Drugs Added Recent 

Examination 
Ce | Apresoline | Raudixin , 

PHEf PHET 
000 nonel| 000 
000 1000 100 000 
000 100 000 
000 100 000 
0 ++ / 100 0-- 0 
0 c-r = "gs 1001 0.0 0 
000 none |] 00+ 
00+ none || 00+ 
000 150 00 0 
0 ++ 200—400 000 
0 ++ 750. T5 0-+-+ 
0 ++ 750 100 150 ço 0 
0 ++ 750 150 000 
+++ ; none|| 00+ 
+++ 100 150 . 00 0 


* Should be 5 to 15 mg. per 100 cc. of urine on thz basic rice diet and 15 to 25 mg. on the correctly followed 


“modified” diet. 


T PHE stands for papilledema, hemorrhages, exudatzs. 


15 mg. veraloid plus medication as listed. 


§ Had received 25 mg. veraloid before she came to s, dose cut to 6 mg. during first four months, then all drugs 
stopped and resumed twenty-eight months later. (Chlorid2 excretion 33 mg. per 100 cc. of urine before drugs restarted.) 

|| Had received 50-100 mg. apresoline, 500-1000 mg. hexamethonium, or 100 mg. raudixin singly or in.combina- 
tion for two to ten months, but were not receiving medication at most recent examination. 


Ninety-four patients had exudates before 
treatment. In fifty-six the exudates disappeared 
completely after two to thirty-four months. In 
thirty they disappeared partially after one to 
twenty-two months; in eight there was no 
change after one to eleven months. In five 
patients in whom the exudates had disappeared, 
they were again present at the most recent 
examination. 

After zero to thirty-six, average fifteen, 
months of treatment by diet alone, fifteen of 
the one hundred patients were given hypo- 
tensive drugs in addition to the strict or modified 
rice diet for three to o thirty, average fourteen, 
months. The drugs;were used singly or in 
combination. The doses per day were: veraloid 


TULY, 1955 


the rice diet before drugs were added, the 
funduscopic findings before treatment with the 
rice diet, before the drugs were given and at the 
most recent examination, and the present 
medication. 

These drugs in the doses in which we have 
used them have caused a further lowering of 
the blood pressure in some instances but did 
not alter the course of the retinopathy nor was 
there any improvement of hypertensive heart 
or kidney disease noted which could be at- 
tributed to them. Treatment with the drugs was 
started in only two instances before the dis- 
appearance of papilledema and these fifteen 
patients, therefore, have been included with 
the other patients. l 
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EFFECTS OF RICE DIET ON PATIENTS 
FOLLOWED FOR AT LEAST ONE YEAR 


There are sixty-one patients who were -e- 
examined here at least one year after treatment 
with the rice diet: had been started. These 
sixty-one patients include fifty-seven of the 

TABLE VIII 


BLOOD PRESSURE IN SIXTY-ONE PATIENTS TREATED WITH 
RICE DIET" 


During Period of Strict- 


T d i est Adherence to Rice Usa Recent 
reatmen Diet xamination 
(average) (average 1) (average 1) 
219/134 168/105 184/109 


* Followed for at least one year. 
t After 2 to 13, average 4, months. 
l After 1 to 949, average 4, years. 


sixty-one patients listed as treated for over one 
year in Table v, three patients who are lis:ed 
as treated for less than one year but who were 
re-examined here one year after treatment with 
the rice diet had been started, and one patient 
who was followed here for thirteen months but 
whose present condition is not known. Of che 
sixty-one patients eighteen had a total PSP 
excretion of 16 to 35 per cent in two hours; 
twenty-three had a total PSP excretion of 
36 to 55 per cent in two hours; 20 had a tctal 
PSP excretion of 56 to 88 per cent in two hours. 
The effects of the rice diet on blood pressure, 
serum cholesterol, blood non-protein nitrogen, 
Tı in the electrocardiogram, cardiothoracic 
ratio and renal function are shown in Takles 
vit to xiv. A comparison is made of the findings 
during the period of *"strictest adherence to 
the rice diet? with those at the most recent 
examination. 

Even during the period of “‘strictest adherence 
to the rice diet" determinations of the chloride 
excretion in the urine showed that some patients 
were deviating from the prescribed diet; zhe 
chloride excretion of these sixty-cne patients 
during the period of “strictest adherence to the 
rice diet" was 5 to 52, average 18, mg. per 
100 cc, expressed as sodium chloride. 

Table vir lists the average blood pressures 
before treatment, during the period of “‘strictest 
adherence to the rice diet," and at the most 
recent examination. The average blood pressare 
of these sixty-one patients decreased from 2:9/ 
134 to 168/105 during the period of “stricest 


adherence to the rice diet." In eighteen (30 per 
cent) of the sixty-one patients the blood pressure 
decreased to 149/99 or below; in eight (13 per 
cent) of the sixty-one to 125/89 or below during 
the period of *strictest adherence to the rice 
diet.” 


TABLE IX 
BLOOD NPN IN FORTY PATIENTS TREATED WITH RICE DIET * 





During Period 


Range before 


Treatment Number| Before of Strictest At Most 
(NPN mg. per of Treatment | Adherence to E Recent 
100 cc. of Patients | (averages) Rice Diet xanunston 
blood) (averages t) (averages) 
36-45 22 39 33 32 
46-75 18 53 36 45 


* Followed for at least one year. Initial NPN 36 mg. or more per 
100 cc. of blood. 

T After 2 to 9, average 4, months. 

t After 1 to 924, average 3, years. 


Thirty-two of the sixty-one patients were 
following the rice diet well or moderately well 
at the most recent examination (chloride excre- 
tion, as NaCl, 24 mg. per 100 cc. of urine, aver- 
age of the most recent determinations, one to 
eight and one-half, average five, years after 
the rice diet had been started), The average 
blood pressure of these thirty-two patients at 
the most recent examination was 175/105 as 
compared to 217/132 before treatment and 
165/104 after the first two to six, average four, 
months on the rice diet. 

The other twenty-nine patients followed the 
diet moderately well to poorly most of the time 
since the initial period of strict treatment here 
(chloride excretion, as NaCl, 65 mg. per 100 cc. 
of urine, average of most recent determinations, 
1 to nine and one-half, average three, years after 
the rice diet was started). The average blood 
pressure of these twenty-nine patients at the. 
most recent examination was 193/114 as com- 
pared to 220/136 before treatment and 170/106 
after the first two to thirteen, average five, 
months on the rice diet. 

In fifty-nine of the sixty-one patients blood 
NPN determinations are available before treat- 
ment, during the period of “strictest adherence 
to the rice diet," and at least one year after 
treatment was started. The NPN was elevated 
in forty of these patients and Table 1x shows 
the changes during treatment. In thirty-three 
(82 per cent) it was lower at the most recent 
examination than it had been initially. Three 
patients, who had had a normal NPN before 
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the rice diet was started, developed azotemia. 
All three had followed the diet poorly, chloride 
excretion 92 mg. per 100 cc. of urine, average 
of four to seven determinations each; the 
NPN, average, was 32 mg. per 100 cc. of blood 
before treatment, 31 mg. after the first four 


TABLE X 
SERUM CHOLESTEROL IN FORTY-SIX PATIENTS TREATED WITE 
RICE DIET* 


Serum Cholesterol (mg./100 cc.) 


During 
Serum Number Period of At Most 
Cholesterol of Before Strictest Recent 
Level Patients | Treatment | Adherence | Examina- 
(averages) to Rice tion 
Diet (avcragesi) 
(averages t) 
Increased... ....... 6 259 233 330 
Decreased:........ 40 288 199 200 
to 219 or below... 32 282 192 . 183 
to 220 or above... 8 312 230 266 


* Followed for at least one year. Initial cholesterol concentration ir. 
serum 220 mg. per 100 cc. or above. 

t After 2 to 9, average 4, months. 

t After 1 to 7, average 3, years. 


months, average, on the rice diet and 51 mg. 
two to five, average three, years after treatmen= 
with the rice diet had been started. 

In fifty-five of the sixty-one patients the 
cholesterol concentration in the serum wa: 
determined before treatment, during the perioc 
of “strictest adherence to the rice diet" and 
one to seven years after the treatment had been 
started. 

Forty-six (84 per cent) of these fifty-five 
patients had a serum cholesterol concentration 


of 220 mg. per cent or more when first seen 


here, and the data on these patients are shown 
in Table x. Only two of these forty-six patients 
had an increase in the serum cholesterol con- 
centration during treatment with the strict rice 
diet; the average cholesterol concentration im 
these two patients was 257 mg. per 100 cc. of 
serum before treatment and 290 mg. after the 
first four months, average, on the rice diet. 

In six patients (13 per cent) the serum cho- 
lesterol was higher at the most recent examina- 
tion threé to six, average four, years aftec 
treatment with the rice diet was started than 
before. In forty (87 per cent) of the forty-six 
patients with an initial cholesterol concentration 
in the serum above 220 mg. the cholesterol con- 
centration in the serum decreased; in thirty-two 
(70:per cent) of the forty-six it decreased to 
219 mg. per 100 cc. or below. In two of th» 
nine patients who had had a cholesterol com 
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centration in the serum of 219 mg. or below per 
100 cc. before treatment, the cholesterol con- 
centration in the serum increased to 220 mg. or 
above. In these two patients the cholesterol 
concentration in the serum, average, was 
215 mg. per 100 cc. before treatment, 212 mg. 


TABLE XI 
Tı IN THE ELECTROCARDIOGRAM IN FORTY-NINE PATIENTS 
TREATED WITH RICE DIET" 





During At Most 


Period of 
Before N Recent 
Treatment Strictest Examina 
reaume Adherence an 
to Rice Diet 


(Number of | (Number of | (Number of 


Patients) Patients) Patients) 
Tı upright.... 14 38 28 
Tı diphasic.... 10 4 5 
Tı inverted... 25 7 151 





* Followed for at least one year. 
T One patient who was following the diet poorly de- 


| veloped a lef: bundle branch block. 


after the first three months, average, on the 
rice diet and 252 mg. two and one-half years, 
average, after treatment had been started. 

In forty-nine of the sixty-one patients electro- 
cardiograms are available for comparison (no 
digitalis, no infarction, etc.) before treatment, 
during the period of “strictest adherence to the 
rice diet" and one to nine and one-half years 
after treatment had been started. (Table xri.) 
In thirty-five (71 per cent) Tı was abnormal 
before treatment; in ten it was diphasic; in 
twenty-five it was inverted. 

In fourteen patients Tı was upright before 
the rice diet was started; in none of the fourteen 
was there a change in the direction from upright 
to inverted after one and one-half to eight and 
one-half, average four, years. In nine of the 
ten patients in whom Tı was diphasic before 
treatment it became normally upright after 
three to thirty-two, average eight, months of 
adequately followed dietary treatment. In one 
patient, it remained diphasic. In seven of the 
twenty-five patients in whom T, was inverted 
before treatment it remained inverted after 
one to three; average two, years. In eighteen 
(72 per cent) of the twenty-five patients there 
was a change in the direction from inverted to 
upright; in three T; became diphasic after 
seven to ten, average eight, months; in fifteen it 
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became normally upright after three to seven- 
teen, average eight, months. 

In twelve of the twenty-seven in whom tne 
electrocardiogram had initially shown im- 
provement it again became more abnormal. 
Nine of the twelve were following the diet 


tion had again increased by 10 per cent or more. 
Fourteen of the twenty-one patients in whom 
cardiomegaly recurred were following the diet 
poorly; the cardiothoracic ratio, average, in 
these fourteen patients increased from 0.43 after 
the first four months, average, on the rice diet 


TABLE XI 
CARDIOTHORACIC RATIO IN FORTY-NINE PATIENTS TREATED WITH RICE DIET" 





Before Treatment 


Initial Cardiothoracic 
Ratio (range) 


During Period of Strictest 
Adherence to Rice Diet 


At Most Recent Examination 


Number of 


Number of CT Ratio Number of CT Ratio CT Ratio 

Patients (averages) Patients (averages T) Patients (averages 1) 
0.36 to 0.42 3 0.41 24 0.40 12 0.41 
0.43 to 0.47 17 0.45 18 0.45 16 0.46 
0.48 to 0.52 19 0.50 6 0.49 16 0.50 
0.53 to 0,59 . 10 0.56 1 0.53 5 0.55 
0.36 to 0.59 49 © 0.49 49 0.43 49 0.46 


* Followed for at least one year. 
T After 1 to 22, average 6, months. 
Í After 1 to 915, average 3, years. 


poorly. In one of the nine patients a left bundle 
branch block developed. 

In forty-nine of the sixty-one patients com- 
parable chest films (no digitalis) are available 
before treatment, during the period cf “strictest 
adherence to the rice diet" and at the most 
recent examination one to nine and one-half, 
average three, years after treatment had been 
started. (Table xu.) Before treatment the 
cardiothoracic ratio was 0.42 or below in on.y 
three patients (6 per cent); during the pericd 
of “strictest adherence to the rice diet" it was 
0.42 or below in twenty-four (49 per cent). The 
cardiothoracic ratio before treatment was over 
0.48 in twenty-nine (59 per cent); in nineteen 
it was 0.48 to 0.52 and in ten it was 0.53 to 0.59. 
During the period of “strictest adherence to tke 
rice diet," the cardiothoracic ratio was over 
0.48 in only seven (14 per cent). In these seven 
patients the average cardiothoracic ratio had 
decreased from 0.54 to 0.49 after the first five 
months, average, on the rice diet. 

In thirty-six (73 per cent) of the forty-nire 
patients the decrease in cardiothoracic ratio 
during the period of “strictest adherence to the 
rice diet" was more than 10 per cent. In 
twenty-one of these thirty-six patients the 
cardiothoracic ratio at the most recent examinz- 


to 0.50 at the most recent examination. In the 
seven patients who were following the diet 
"satisfactorily" and in whom cardiomegaly 
recurred, the cardiothoracic ratio increased 
from average figures of 0.40 to 0.46. 


TABLE XIII 
KIDNEY FUNCTION (PSP EXCRETION) IN FORTY PATIENTS 
TREATED WITH RICE DIET" 






Total PSP Excretion 
in 2 Hours (%) 


Length 
of Time 
Before jr eei i Monthi 
Treatment | Examina- (averages) 
(averages) tion 
(averages) 
Diet poorly followed 
(after initial period): 49 43 48 
Increased or 
unchanged..... 52 59 45 
Decreased..... 47 35 50 
Diet well followed: 44 47 |. 46 
Increased or 
unchanged..... 43 54 51 
^ Decreased....... 44 37 38 


* Followed for at least two years. 


Table xur shows the change in total PSP 
excretion in two hours in forty patients treated 
with the rice diet, strict and modified, for 
two years or longer. In nine (64 per cent) of 
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the fourteen who followed the diet poorly after 
the initial period of treatment, the PSP excre- 
tion decreased; in five (36 per cent) it increased 
In nine (35 per cent) of the twenty-six who 
followed the diet well it decreased; in seventeer. 
(65 per cent) it increased. 


TABLE XIV 


KIDNEY FUNCTION (PSP EXCRETION) IN TWELVE PATIENTS 
TREATED WITH RICE DIET* 


Total PSP Excretion in 


2 Hours (%) 
Num- 
gs ot At Most 
a~ 
Henis Before Recent 
Treatment | Examina- 
(averages) tion 
(averages) 
Diet poorly followed 
(after initial 
period). cocos 53 44 
Followed diet well... 52 60 





* Followed for at least five years. 


There are twelve patients in whom repeated 
determinations of the total PSP excreton m 
two hours are available after five years or more 
of observation. (Table xiv.) Five followed the 
diet poorly; the average PSP excretion in two 
hours of these five patients decreased from 
53 to 44 per cent. Seven have adhered to tke 
diet well; in these seven the average PSP excr>- 
tion in two hours has increased from 52 to 60 per 
cent. 

It usually takes at least three to four months 
of intensive dietary treatment to produce a siz- 
nificant decrease in the heart size and blood 
pressure and it frequently takes over one year 
for the inverted T, in the electrocardiog-am to 
become normally upright. For improvement in 
kidney function at least two to three years are 
needed. 


COMMENT 


When treatment with the rice diet was 
started in 1939 it was thought that extreme 
dietary restriction would have to be continusd 
indefinitely to compensate for an underlying 
renal metabolic dysfunction. At present vwe have 
quite a few patients who have been able to 
resume a salt-poor, fat-poor diet and some who, 
after an adequate period of intensive treatment 


jur, 1955 


first with a strict and then with a modified rice 
diet, have been able to tolerate a general diet 
without recurrence of vascular disease. 

In patients with malignant hypertension 
treated with the rice diet before the PSP excre- 
tion in two hours has decreased to less than 
35 per cent, the prognosis is no longer as un- 
favorable as it was. Sixty (84 per cent) of the 
seventy-one patients with a total PSP excretion 
of 36 per cent or more in two hours survived 
one year (Table m) and had overcome the 
malignant phase of the hypertensive vascular 
disease. Of these sixty patients, thirty (Fig. 2) 
continued to follow the rice diet; twenty-eight 


.(93 per cent) of the thirty are still living four 


years after initiation of treatment. However, 
since most cases of malignant hypertension are 
preceded by known “benign” hypertensive 
vascular disease, malignant hypertension can 
now be regarded as a preventable condition. 
Hypertensive vascular disease, no matter how 
mild the symptoms, should be treated 1mmedi- 
ately and vigorously as soon as the diagnosis has 
been established, and in those patients who have 
already developed the malignant phase and have 
been successful treated intensive dietary 
treatment should not be discontinued before 
the underlying disease has disappeared. 


SUMMARY 


One hundred seventy-seven patients with 
hypertensive vascular disease with papilledema 
(confirmed by eyeground photographs) were 
seen between October, 1942, and October, 1953. 
In six patients follow-up information is inade- 
quate or the treatment period too short for 
evaluation. 

In thirty-three patents with hypertensive 
neuroretinopathy who were willing to be 
treated with the rice diet, electrolyte imbalance 
developed within the first three months on the 
rice diet. 'Treatment with drastic salt restriction 
therefore could not be carried out, but addi- 
tional NaCl or other chloride was given. In 
thirty-one of these thirty-three patients the total 
PSP excretion in two hours was below 36 per 
cent. All thirty-three patients died. 

In eighteen patients treatment with the rice 
diet was not carried out at any time; only one 
of these is still living. 

In 120 patients with hypertensive neuro- 
retinopathy treatment with the rice diet was 
carried aut. The period of treatment was from 
1 to 117 months. In 83 of the 120 patients the 
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total PSP excretion in two hours was below 
55 per cent. (This includes four patients in the 
terminal stage of the disease, in whom the PSP 
was not measured.) Forty-seven (57 per cent) 
of these patients survived one year; twenty-six 
(31 per cent) are still living four and one-fourth 
years (average) after treatment was started. In 
thirty-seven patients the total PSP excretion 
was 56 per cent or more in two hours; thirty- 
four (92 per cent) survived one year; twenty-six 
(70 per cent) are still living five years (average) 
after treatment was started. 

One hundred of the 120 patients were fol- 
lowed after the initial period of the treatment 
with the rice diet, and in these patients the 
relation of the length of time of supervised 
-treatment to the survival time could be studied. 
In 39 of the 100 patients the period of super- 
vised treatment was two to twelve months. 
Seven of the thirty-nine died during this period 
while presumably still following the diet; only 
three of the seven were following it correctly. 
Thirty-two of the thirty-nine were treated for 
two to twelve months, and then to a greater or 
lesser extent discontinued the treatment; only 
six (19 per cent) of the thirty-two are still living. 

Eighteen of the 100 patients were treated 
one to seven and one-half, average three, years 
and then to a greater or lesser extent discon- 
tinued the treatment. Nine of these (50 per cent) 
are still living. 

Forty-three of the 100 patients were treated 
over one year with the rice diet and continued 
treatment. Thirty-seven (86 per cent) of these 
are still living; of the six who died, only three 
were following the diet correctly. 

The effect of the rice diet on retinopathy was 
studied in 100 patients in whom eyeground 
photographs were available. In ninety-two of 
the 100 patients, papilledema disappeared 
completely. l 

The effects of the rice diet on blood pressure, 
serum cholesterol, blood non-protein nitrogen, 
Tı in the electrocardiogram, cardiothoracic 
ratio and renal function were studied in sixty- 
one patients who were re-examined here at least 
one year after treatment had been started. A 
comparison of the findings before treatment, 
during the period of “strictest adherence to the 
rice diet”? and at the most recent examination 
shows that the “‘strictest adherence to the rice 
diet" produces the most favorable results. 
Dietary modifications therefore should be made 
gradually and with careful observations of 


blood pressure readings, blood chemical find- 
ings, electrocardiograms, chest films, eyeground 
photographs, etc. 

The results are interpreted as indicating that 
intensive dietary treatment should be started as 
early as possible and continued until all signs of 
the vascular disease have disappeared. 
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Effects of Restriction of Dietary Fat and 
Cholesterol upon Serum Lipids and. 


Lipoproteins in Patients with Hypertension 


FREDERICK T. HATCH, Mw.p.,] Lese L. ABELL, PH.D. 
and FORREST E. KENDALL, PH.D. 


New York, New York 


HE effects of drastic restriction of dietary 

fat intake and elimination of cholesterol 

intake upon serum lipid patterns in 
patients with hypertension have been presented 
previously as part of an investigation of the 
Kempner rice diet.’ This therapeutic diet, 
which contains no cholesterol, practically no 
fat and only minimal amounts of protein, is of 
particular interest in the study of lipid metabo- 
lism in man. The investigations previously re- 
ported gave rise to the following findings: (1) A 
moderate decline in the average serum cho- 
lesterol levels was seen in most patients on the 
rice diet; in no case did the levels decrease below 
the normal range. (2) À neutral fat lipemia, to- 
gether with an increase in serum lipid phos- 
phorus and a decreased percentage of esterified 
cholesterol, was observed in one-third of the 
patients. The decreased percentage of esterified 
cholesterol was associated with the development 
in some patients of marked sensitivity to di- 
cumarol and of increased values for brom- 
sulfthalein retention and thymol turbidity. 
This pointed to the possibility that the effects 
on the serum lipids were brought about through 
impairment of hepatic function. 

The present report extends the studies to a 
larger number of patients and in addition 
presents observations during lesser degrees of 
restriction of dietary fat and cholesterol. Data 
on serum lipoprotein concentrations, as deter- 
mined with the ultracentrifuge, are presented. 

Several workers have correlated the serum 
cholesterol concentration in man with the 
dietary intake of cholesterol.*~> Within a broad 


range of intake levels there was no correlation 
with the serum total cholesterol. However, the 
report by Starke of studies in Kempner's clinic 
demonstrated that drastic restriction of both 
fat and cholesterol in the rice diet produced 
significant decreases in the free and esterified 
cholesterol of serum.* 

Experimental studies in man by Keys,’ by 
Hildreth? and by Mayer? and their co-workers 
indicated that the intake of fats, both animal 
and vegetable in origin, has a definite influence 
upon the serum cholesterol level. On the other 
hand Kinsell and co-workers asserted that fats 
of vegetable origin do not tend to maintain high 
serum cholesterol levels and may even have a 
depressant effect.!? The weight reduction studies 
of Walker et al. showed that in the presence of 
low to moderate fat in the diet, the serum cho- 
lesterol and lipoproteins may vary in propor- 
tion to the total caloric intake." 

Investigations of the effects of dietary varia- 
tions upon the serum neutral fat or total lipids 
have not been reported, except in the previous 
communication from this laboratory.| Thus 
the lipemia observed in certain subjects during 
rice diet treatment has not received further 
elucidation. 


MATERIAL AND METHODS 7 


The patient material for this investigation 
consisted of a group of hospitalized individuals 
with severe essential hypertension. Most of the 
subjects had initial resting blood pressures 
greater than 200/120 mm. Hg and gave evi- 
dence of impaired function of the eyes, brain, 


* From the Research Service, First (Golumbia University) Division, Goldwater Memorial Hospital, Department 
of Hospitals, New York City and the Department of Medicine, College of Physicians and Surgeons, Columbia Univer- 
sity, New York. Aided by grants from the National Heart Institute, The Public Health Research Institute of the 
City of New York, Inc., The Josiah Macy Foundation and the Albert and Mary Lasker Foundation. 

f Present address: U.S. Army, Medical Nutrition Laboratory, Fitzsimons Army Hospital, Denver, Colo. 
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heart or kidneys. Patients with detectable 
diabetes mellitus and glomerulonephritis were 
excluded. The program had the following 
dietary phases: l 

Phase 1: A control period of four to eighteen 
weeks was conducted on a salt-poor.diet of 
normal fat content (Diet 1) served from the 
hospital diet kitchen. 

Phase 2: 'The period on the control diet was 
followed by a period ranging from four to 
twenty weeks on the unmodified Kempner rice 
diet (Diet rv). Forty-four patients have been 
studied in both Phases 1 and 2. 

Phase 3: Smaller groups of patients werc 
studied on diets providing levels of fat and 
cholesterol intake intermediate between those 
of Phases 1 and 2. (a) Ten of the forty-four pa- 
tients of Phase 2 were subsequently studied on 
the rice diet supplemented by various amounts 
of protein and fat in the form of low-sodium 
milk and a protein-carbohydrate powder” 
(Diet m). (6) Ten of the forty-four patients of 
Phase 2 subsequently received a special low- 
sodium diet of greater palatability than the 
rice diet (Diet n). (c) Six additional patients 
were studied on the special low-sodium diet 
(Diet 1) without a preliminary period on the 
rice regimen. The higher fat and protein con- 


tents of this diet were provided by lonalac,° © 


protinal? and meat. 

‘All diets except the hospital salt-poor diet 
used in Phase. 1 were served under strict control 
from a special diet kitchen.! The composition 
of the diets is described in Table 1. Levels o 
daily fat intake of 85 gm., 55 gm., 20 to 40 gm. 


and 3 gm. were provided by the different ` 


regimens. Daily cholesterol intakes correspond- 
ing to the fat intake levels were approximatel- 
1.0, 0.10, 0.03 to 0.25 and 0 gm. per day. Each 
of the restrictive diets (n, m Iv) was supple- 
mented by one multiple vitamin capsulef and 
0.2 gm. of ferrous sulfate daily. 

Serum was analysed for free and total cho- 
lesterol, lipid phosphorus and neutral fat a: 


weekly or bi-weekly intervals throughout the 


study. During the first year of the program all 


` *Lonalac is a low-sodium milk powder having the 
same protein and fat content as whole milk when diluted 
as directed by the manufacturer. Generous supplies 
were provided by the Mead Johnson & Co., Evans- 
ville, Ind. Protinal (National Drug Co.) was blended 
with lonalac in some instances to enrich the protein 
content, 

T Vi-penta Perles Forte? were kindly provided br 
Hoffmann-La Roche, Inc., Nutley, N. J. 
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bloods for analysis were drawn before the pa- 
tient had breakfast. It was found that on the 
diets under study there was no significant differ- 
ence in ary of the serum lipid levels between 
samples taken during the fasting state and after 
the morning meal. Therefore during the last 


TABLE f 
COMPOSITION OF DIETS 


Special ; 
- Contro |. Low- cn Rice 
iet (Diet 1) | Sodium ine (Diet tv) 
(Diet iD) (Diet 111) 
No. of patients studied... 44 16 10 44 
Calories per dav........ 2220 2140 2600 2390 
Sodium chloride 
(gm./day).. ........ 2.5 0.25 0.25 0.25 
^ Protein (gm./dzy)...... 85 90 40-80 30 
Carbohydrate (pm./day).| 280 320 530 560 
Fat (gm./day).......... 85 55 20-40 3 
Cholesterol (gm./day)... 1.0 0.10*. |0.03-0.25* 0 





* In the early part of this study the fat content of lonalac was derived 
entirely from milk. Five patients on Diet m received this product which 
provided about 9.25 gm. of cholesterol per day. More recently only one- 
fifth of the fat content of lonalac has been derived from milk and the 
remainder from coconut oil. Five patients on Diet 11t and all of those 
on Diet u received the latter product which provided 30 to 40 mg. of 
cholesterol daily. Án additional small amount of cholesterol in Diet n 
was derived from the meat. 


two years the samples were taken within two 
hours after the patient had breakfast. 
- Samples for the ultracentrifugal determina- 
tion of the S; 12-20 and S; 20-100 lipoprotein 
fractions were obtained after the patients had 
been on the specified diet for two to eighteen 
weeks. These samples were refrigerated and 
shipped bv air express to Dr. J. W. Gofman 
who performed the analyses according to his 
published technic.!?:1? Only fasting bloods were - 
used for ultracentrifugal lipoprotein analyses. 
Free and total serum cholesterol were deter- 
mined by the method of Schoenheimer and 
Sperry.!*!5 Lipid phosphorus was determined 
by the method of Fiske and Subbarrow!? after 
extraction and wet ashing of the lipids. Con- 
version of lipid phosphorus to phospholipids 
was made using the multiplication factor of 
twenty-five. Total lipid was measured gravi- 
metrically on the petroleum ether-soluble por- 
tion of an alcohol-ether extract of serum made 


= according to the method of Bloor.” 


It was found that the gravimetric method for 
total lipid suffered from errors of considerable 
magnitude. The weighed residue contained 
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both inorganic salts and water. The gravimetric 
method was therefore compared with the 
“manometric lipid carbon procedure of Van 
Slyke and Folch.!* This comparison demon- 
strated that subtraction of a constant value of 
‘200 mg. per cent from the observed total lip:d 


within one week after institution of the change. 
Therefore the serum lipid levels reported are 
the averages of values observed after the first 
week on a given diet. The composition of the 
preceding diet had no significant residual in- 
fluence on the lipid levels after that time. 


| TABLE II 
SUMMARY OF CHANGES IN SERUM LIPID LEVELS DURING RESTRICTION OF DIETARY FAT AND CHOLESTEROL 

















Intake 
(gm./day) Total Free Lipid 
Diets E ‘Cholesterol | Cholesterol | Phosphorus pia 
(mg. %) (mg. %) (mg. %) oe 
Fat Cholesterol 
a seis 16 85 1.0 219 x 11* 6445 C7205 230 + 30 
Diet u...... 16 55 0.1 207 + 8 6445 9.6 +0.3 280 + 20 
Difference... Ee E —12 +14f 0 x7 —0.1 £ 0.6 +50 + 36 
Control... .. 10 85 1.0 z17 +12 61 + 4 9.8 +0.5 190 + 20 
Diet m...... 10 20-40 0.03 191 +12 59 +2 10.1 4 0.6 370 +50 
Difference. ..] .. | ..... —26 +17 —2 X4 -0.3 + 0.8 4-1801 + 54 
Control... .. 44 85 1.0 224 + 6 64 +2 10.0 +0.3 220 + 20 
Dietiv...... 44 3 0.0 191 + 6 61 +1 10.0 + 0.4 370 +35 
Difference... .. | ..... —33t+ 9 —3+2 0.0 -- 0.5 +150 + 40 


Key to diets: 1, control diet; u, special low sodium diet; 111, modified rice diet; 1v, rice diet. 


T 


* Standard error of the mean: ex = . 
AN 





T Standard error of the difference: ep = 


01? c»? 


Ni Ne 


I Significant difference between control and experimental values. 


levels obtained by the gravimetric method gave 
agreement within plus or minus 5.5 per ceat 
on the average with the Van Slyke-Folch 
method. This correction has been applied to 
all total lipid values. | 

The concentration of the serum neutral fat 
was estimated by subtracting from the weight 
of total lipids the sum of the amounts of phos- 
pholipids, total cholesterol and the fatty acids 
of the cholesterol ester fraction (0.7 X weight 
of cholesterol in the esters). 

Since calculation of the neutral fat content 
incorporates the technical errors of four differ- 
ent analytic procedures, no*’great weight can 
be given to.the absolute values reported. How- 
ever, the changes observed on the different 
diets are much larger than can be attributed 
to experimental errors. 

The full effects of each new dietary regimen 
on the serum lipids were generally established 


RESULTS 


Serum Lipid Levels on Control Period Diet. Dur- 
ing the control period (Diet 1) the hypertensive 
patients exhibited serum lipid levels which 
differed little from those of a series of healthy 
ambulatory subjects." The two series were 
fairly matched for age and sex distribution ex- 
cept that there was a lower proportion of 
females above the age of fifty years in the healthy 
group than in the hypertensive series. Average 
serum lipid levels in fifty-one patients with 
hypertension were compared with single deter- 
minations of the lipid pattern in thirty-nine 
subjects who were leading normal lives and in 


* We are indebted to Dr. Alfred Steiner for serum 
lipid data on the healthy subjects. These individuals 
showed no abnormal findings upon physical examination 
or in the blood count, sedimentation rate, urinalysis, 
electrocardiogram and chest x-ray. 
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TABLE III 
AVERAGE SERUM LIPID LEVELS DURING PERIODS OF CONTROLLED FAT AND CHOLESTEROL INTAKE 























Intake l 
, Age (gm./day) Total Free Lipid Neutral 
Patient es Diet | Cholesterol | Cholesterol | Phosphorus Fat 
ex xa | Ghotesterat | 79 | (Qn %) | (mes 9) | (mg. %) 
A. A. 65,M I 85 1.0 220 58 9.4 230 
: IV 3 0.0 210 76 12.8 700 
A. B. 35,F I 85 1.0 200 49 7.8 150 
C.0 160 45 8.6 170 
1.0 200 62 11:5 270 
6.0 250 93 15.9 1080 
1.0 240 90 14.9 490 
0.0 300 100 14.4 550 
1.0 210 60 8.6 280 
C.0 160 52 8.1 510 
1.0 250 68 11.3 370 
0.0 220 73 11.0 530 
1.0 160 4G 7.8 100 
0.0 140 ..39 w^ 4:9 240 
1.0 230 62 10.9 230 
0.0 150 47 8.5 240 
1.0 190 52 8.6 120 
0.0 170 47 8.1 200 
1.0 190 57 8.4 90 
Q.0 130 40 Tus 150 
1.0 190 52 9.3 280 
0.0 130 44 8.3 390 
1.0 200 57 9.2 270 
G.0 220 65 11.5 520 
1.0 260 72! 10.8 
0.0 200 53 8.5 
1.0 220 || 62 10.3 320 
C.O 190 | 63] 10.2 220 
1.0 220 61 9.8 120 
0.0 170 47 8.1 180 
1.0 200 . Dos 9.3 270. 
C.O 160 Eos 8.6 370 
1.0 240 - 72 10.8 360 
6.0 190 57 9.5 290 
1.0 320 87 13.3 470 
6.0 250 84] 13.7 580 
1.0 280 (80 11.2 100 
0.0 210 61] 9.3 130 
1.0 290 79 13.9 
0.0 260 75] 12.9 
1.0 240 71 10.3 110° 
0.0 170 54 9.4 260 
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TABLE nr (Continued) 














Intake 
Age , (gm./day) Total Free Lipid Neutral 
Patient and Diet Cholesterol Cholesterol | Phosphorus Fat 
Sex (mg. 96) (mg. 95) (mg. %) (mg. 96) 
i Fat Cholesterol 

B.M 55, M I 85 1.0 220 . 60 9.3 310 
IV 3 0.0 210 69 11.7 720 

T.M 46, M I 85 1.0 280 84 12.7 340 
IV 3 0.0 200 60- 9.6 190 

M. P 57, M I 85 1.0 250 75 9.6 40 
IV 3 0.0 190 68 11.8 740 

P.R 61, M I 85 1.0 170 49 8.2. 140 
IV 3 0.0 130 43 7.4 170 

Y.R 44, F I 85 1.0 290 86 12.7 320 
IV 3 0.0 250 77 12.7 250 

M. Su 67, F I 85 1.0 220 64 10.1 170 
IV 3 0.0 240 94 13.4 720 

J.W 54, M I 85 1.0 240 78 9.1 200 
IV 3 0.0 190 63 8.8 230 

L. B 49, M I 85 1.0 200 52 8.2 240 
I 55 0.1 160 48 8.6 380 

M.F 40, M I 85 1.0 200 65 8.0 330 
I 55 0.1 190 54 9.6 320 

E.L 62, F I 85 1.0 230 70 12.4 420 
II 55 0.1 240 76 11.6 290 

G.S 47, M I 85 1.0 . 330 99 15.2 530 
I 55 0.1 280 88 12.7 510 

B. V 54, F I 85 1.0 270 71 11.2 160 
ll 55 0.1 240 75 11.2 280 

M. W 55. F I 85 1.0 250 73 11.1 250 
It 55 0.1 250 79 10.9 350 

F.S 66, M. I 85 1.0 - 190 52 8.0 180 
Hr 20-49 0.25 140 44 7.5 210 

D.G 50, M I 85 1.0 220 66 9.4 190 
II 55 0.1 220 70 10.1 290 

Iv 3 0.0 190 58 9.0 220 

B. F. 51, F I 85 1.0 210 . 61 8.9 170 
WI 55 0.1 190 62 9.1 ' 220 

IV 3 0.0 200 70 10.3 570 

J. K. 49, M. I 85 1.0 200 58 8.7 90 
H 55 0.1 180 61 8.9 240 

3 0.0 150 48 8.1 210 

J. R. 48, M. I 85 1.0 240 68 9.7 190 
n 55 0.1 220 67 9.6 240 

3 0.0 210 76 9.6 320 

L. S. 56, M H 85 1.0 180 61 7.8 190 
I 55 0.1 160 46 7.1 190 

IV 3 0.0 160 E 6.8 200 
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TABLE mr (Continued) 








Intake 
Age (gm. /day) 
Patient and Diet: 
Sex 
Fat Cholesterol 
M. Si. 37, M. I 85 1.0 
Hn 55 0.1 
IV 3 0.0 
D. W. 46,F I 85 1.0 
Hi 55 0.1 
IV 3 0.0 
J. Ge. 46, E I 85 1.0 
IH 20-40 ' 0.04 
IV 3 0.0 
R.G 53, M I 85 1.0 
: ni 20-40 0.25 
IV 3 0.0 
M. K 54, F 1 85 1.0 
II 20-40 0.25 
IV 3 0.0 
J. N 46, F I 85 1.0 
III 20-40 0.25 
IV 3 0.0 
C. R 49, M I 85 1.0 
IH 20-40 0.25 
IV 3 0.0 
Á. W. 65, M I 85 1.0 
nmn 20-40 0.04 
IV 3 0.0 
V. B. 48, F I 85 1.0 
It 55 0.1 
IH 20-40 0.04 
IV 3 0.0 
J. M. 44, M 1 85 1.0 
n 55 0.1 
I 20—40 0.04 
IV 3 0.0 
S.R 36, F I 85 1.0 
II 55 0.1 
Ii 20-40 0.04 
1V 3 0.0 














Total Free Lipid Neutral 
Cholesterol Cholesterol | Phosphorus Fat 
(mg. %) (mg. %) (mg. 96) (mg. 96) 
150 35 7.3 130 
210 67: 9.0 260 
160 48 7.8 110 
230 71 10.0 250 
220 66 9.3 260 
190 63 10.2 480 
240 61 10.4 160 
270 75 12.4 220 
230 66 11.3 360 
290 88 12.5 280 
150 41 7.7 170 
190 56 9.8 240 
250 73 11.6 260 
200 68 11.9 700 
180 64 11.4 440 
240 65 9.7 250 
220 70 12.4 550 
210 66 12.0 580 
160 53 7.9 140 
160 53 9.2 330 
150 49 9.2 310 
180 48 8.5 . 170 
200 60 10.1 370 
160 50 8.5 150 
220 59 9.6 50 
200 58 9.4 230 
170 54 8.6 340 
180 56 8.2 110 
200 58 9.0 160 
190 56 9.2 250 
210 64 11.4 510 
190 72 11.6 640 
200 56 10.9 280 
180 63 - 8.6 210 
190 56 10.0 280 
190 55 10.0 330 


Key to diets: 1, control diet; u, special low sodium diet; m1, modified rice diet; 1v, rice diet. 


whom medical examination revealed no evi- 
dence of disease. 

No appreciable difference existed between the 
two groups in average levels of free and esterified 
cholesterol and lipid phosphorus. The average 
serum neutral fat level was 46 mg. per cent 
higher in the patients with hypertension; this 
difference was statistically significant (P = 0.05). 

Effects of Restriction of Dietary Fat and Cholesterol 
on Serum Lipids and Lipoproteins. ‘The average 
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changes in the serum lipid levels observed during 
restriction of dietary fat and cholesterol are 
summarized in Table n. The mean lipid con- 
centrations observed upon each of the experi- 
mental diets are compared with those of the 
control period. The only statistically significant 

changes were a 15 per cent decrease in serum _ 
total cholesterol on the rice diet (Diet 1v), a 95 
per cent increase in serum neutral fat on the rice 
diet supplemented with from 20 to 40 gm. of fat 
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per day (Diet mr) and a 68 per cent increase in 
serum neutral fat on the unmodified rice diet 
(Diet 1v). 

The average serum lipid levels observed in rhe 
individual hypertensive patients during -he 
different dietary periods are given in Table 1m. 


TABLE IV 
SUMMARY OF CHANGES IN SERUM LIPOPROTEIN LEVELS 
DURING RESTRICTION OF DIETARY FAT AND CHOLESTEROL 


Intake 


(gm./day) 


Serum Lipoprotems 
: (mg. %) 
No. of 


Diet Patients 





Fat | Cholesterol | Sg 12-20 | Sr 20—-.00 








Control. ....... 9 85 1.0 59 93 
Diet seen 9 55 0.1 66 106 
Difference..... Ps 4.7 +13 
Control........ 18 85 1.0 56 96* 
Diet 1v. ....... 18 3 0.0 65 194% 
Difference...... T 4-9 +9g* 
Key to diets: 1, control diet; tt, special low sodium diet; 111, mod fied 


rice diet; Iv, rice diet 
* Data on St 20-100 fraction were available in only ten patients. 


It will be noted that the shift from the control 
to the experimental diets was followed by 
changes which varied greatly among the differ- 
ent subjects. 

The changes from control levels in the averege 
serum total cholesterol occurring on the rice 
diet ranged in different individuals from a 
decrease of 100 mg. per cent to an increase of 
60 mg. per cent. Serum free cholesterol changes 
ranged from a decrease of 32 mg. per cent to an 
increase of 31 mg. per cent; lipid phosphorus 
from a decrease of 3.1 mg. per cent to an increase 
of 4.4 mg. per cent; and neutral fat from a 
decrease of 150 mg. per cent to an increase of 
810 mg. per cent. In the smaller groups of 
patients studied on Diets r1 and 11 there was also 
little uniformity of the response in the serum 
lipids. 

The average changes in the serum lipoprotein 
levels observed during restriction of dietary zat 
and cholesterol are summarized in Table iv. The 
mean lipoprotein concentrations observed upon 
two of the experimental diets (Diets m and rv) zre 
compared with those of the control period. The 
only statistically significant change was a 100 
per cent increase in the concentration of the 
9r 20-100 lipoprotein fraction on the rice diet 
(Diet 1v). 

The serum lipoprotein concentrations cb- 
served in individual subjects during the different 
dietary periods are recorded in Table v, zo- 


gether with the serum lipid values obtained 
upon the same serum samples. As in the case of 
the serum lipids the response of the serum 
lipoproteins to the experimental diets varied 
greatly among different subjects. 

The serum lipid and lipoprotein levels deter- 
mined throughout the studies on two representa- 
tive patients are illustrated in Figures 1 and 2. 

Fliuctuation of Serum Lipid Components. Many 
of the hypertensive patients showed large fluctu- _ 
ations of the serum lipid concentrations in the 
course of serial determinations. These fluctua- 
tions were not appreciably affected by restric- 
tions of dietary fat and cholesterol. Forty-eight 
patients were observed for average periods of 
six weeks on the control diet and eight weeks on 
the rice diet. The average ranges of fluctuation 
(difference between lowest and highest values 
in individual patients) were as follows: total 
cholesterol control diet 47 mg. per cent, rice diet 
46 mg. per cent; lipid phosphorus control diet 
1.6 mg. per cent, rice diet 2.4 mg. per cent; 
neutral fat control diet 190 mg. per cent, rice 
diet 290 mg. per cent. Comparable information 
is not available in the healthy subjects. 

Liver Function. Following the observation 
that a decreased percentage of esterified choles- 
terol was frequently observed in patients on 
the rice diet, studies of liver function were made 
utilizing the usual clinical tests. Although during 
the control period normal results were obtained 
in twenty-five patients, approximately 20 per 
cent of these patients developed abnormal 
bromsulfthalein retention (over 10 per cent of 
dye retained at forty-five minutes*), and 25 
per cent abnormal thymol turbidity (over 6.0 
units) while on the basic rice diet (Diet 1v). 
The two findings usually did not occur in the 
same patients. Abnormal cephalin flocculation 
tests developed in only two patients. Abnormali- 
ties of serum bilirubin and alkaline phosphatase 
levels or urinary urobilinogen excretion were not 
observed. 

Sensitivity to dicumarol was abnormally great 
in seven of nine patients studied on the rice diet. 
Prothrombin times!? forty-eight hours after an 
oral dose of 300 mg. of dicumarol exceeded those 
of a group of hypertensive subjects who received 
the drug while on the control diet. (Table v1.) 


COMMENTS 


Patients with essential hypertension exhibit 
more severe arteriosclerosis than normotensive 


* Dose of dye 5 mg./kg. of body weight. 
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‘TABLE v l 
SERUM LIPOPROTEIN LEVELS WITH CONCOMITANT SZRUM LIPID LEVZLS DURING PERIODS OF CONTROLLED 
INTAKE OF FAT AND CHOLESTEROL 


Intake Total Free Lipid Neutral 


. Diet | Time S; 12-20 | S, 20-100 
Patient (gm. /day) pe f Cholesterol | Cholesterol | Phosphorus| Fat 
No. | (wk) Tat Choleterar. (mg. %) | (mg. %) (mg. %) (mg. %) (mg. %) | (mg. %) 

A. B. I 6 85 1.0 40 222 58 8.5 110 

5 3 0.0 37 157 43 8.6 110 

T. B I 6 ‘| 85 1.0 185 161 253 92 13.5 470 

IV 6 3 0.0 120 167 24) 82 11.2 350 

H. C. I 6 85 1.0 48 202 54 7.8 240 

6 3 0.0 33 143 43 7.0 300 

G. D. I 6 85 1.0 40 76 203 68 9.3 150 

H 8 55 0.1 56 131 217 60 10.6 350 

IV 7 3 0.0 45 126 199 60 9.2 270 

B. F. I 6 85 1.0 94. 116 212 63 8.9 100 

n 3 55 2 $0.1 97 95 199 60 8.6 220 

IV 2 3 0.0 107 284 229 74 11.4 470 

A. H. I 6 85 1.0 24 242 62 9.6 230 

IV 10 3 0.0 37 188 74 11.1 510 

J. K. I 6 85 1.0 33 62 182 54 8.0 140 

TI 7 55 0.1 41 82 229 68 10.2 230 

IV 8 $ 0.0 40 126 163 48 8.3 220 

A. Ma. I 2 85 1.0 88 295 81 13.1 200 

IV 18 3 0.0 143 230 88 14.4 620 

B. M. I 6 85 1.0 29 228 63 9.4 240 

| w | 6 | 3] 00 108 227 76 12.6° | 700 

I. M. I 6 85 1.0 59 238 . 64 10.7 130 
IV 6 3 0.0 86 187 52 9.1 220. 

J. M. I 6 85 1.0 69 109 207 59 9.0 160 

I 8 55 0.1 l 75 148 233 74 9.9 250 

m |. 144 | 60 0.1 101 226 208 60 11.1 450 

IV 4 3 0.0 66 450 198 70 12.3 650 

G. P I 2 85 1.0 24 171 47 7.4 200 

IV 4 3 0.0 29 164 44 7.9 190 

J. R. I 6 85 1.0 69 103 237 77 10.2 330 

u 10 55 0.1 69 82 220 70 9.6 330 

IV 3 3 : 0.0 54 219 215 76 9.8 320 

L. S. I 2 85 - 1.0 41 41 160 50 1:3 190 

It 2 55 0.1 41 69 172 44 143 150 

IV 3 3 0.0 47 114 154 57 6.8 310 

M. Si. I 6 85 1.0 33 59 140 44 6.4 40 

II 4 55 0.1 54 58 187 52 8.5 180 

vw | 5 | 3] 0.0 55 88 162 48 7.8 180 

A. W. I 6 85 1.0 29 200 56 8.5 140 

IV 5 3 0.0 53 175 48 9.0 170 

D. W. 6 85 1.0 52 150 215 58 10.0 340 

II 1:5 1:55 0.1 58 155 235 65 9.6 280 

IV 5 3 0.0 50 226 216 65 10.4 350 

J. W. I 6 85 1.0 45 80 231 72 9.4 200 

IV 7 3 0.0 62 138 262 80 8.1 50 

M. W. I 6 85 1.0 114 114 274 78 11.8 200 

Il 4 55 0.1 107 137 208 78 10.3 380 


Key to diets: 1, control diet; u, special low sodium diet; 11, modified rice diet; 1v, rice diet. 
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Fics. 1 and 2. Serum lipid and lipoprotein levels in two patients. 
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individuals of the same age and sex.?? Dietary 
treatment is often recommended for these 
patients in the hope that either the elevated 
blood pressure, the arteriosclerotic process, or 
both will be benefited. À controlled experi- 
mental approach has been utilized in this and 


TABLE VI 
DICUMAROL SENSITIVITY * 





. Diluted 
li unn Di. 
asma (1-8) 


Prothrombin Time in 


Seconds 
Ten patients on control diet: 
Beleren cicero UIS S 19 43 
48 DE osos Fe See tco teris 23 47 
Nine patients on rice diet: 
lip. eee ea gr are a ee eee 23. 52 
AG DE oie EEEo 42 | 112 


* Prothrombin times before and forty-eight hours after 
single oral dose of 30 mg. of dicumarol. 


the related investigations! in order to elucidate 
the clinical and metabolic effects of various 
dietary restrictions in patients with hypertension. 
Patients have been studied on diets with three 
degrees of restriction of fat and cholesterol 
intake. 

The fat. intake levels of the restricted diets 
ranged from 3 to 55 gm. per day and the 
cholesterol intake levels from 0 to 0.25 gm. per 
day. The salt and protein contents of the diets 
were additional variables. With respect tc 
sodium chloride intake no significant changes ir. 
serum lipid’ pattern were produced by the 
addition of 0.5 to 3 gm. of sodium chloride per 
day to the low sodium regimens (Diets rm, ir 
or IV) of five patients. The influence of varia- 
tions in protein intake has not been full- 
assessed. No effect on the serum lipid levels was 
produced by raising the protein content of th= 
supplemented rice diet (Diet 11) to 40 and to 
80 gm. per day. The rice diet (1v) is unusual 
in the very character of its foods since it contains 
only rice, fruits and fruit juice and sugar. 
Therefore it 1s possible that some unrecognized 
deficiency contributed to the results obtainei 
with this diet. 

Partial or nearly complete restriction cf 
dietary fat and cholesterol under the conditiors 
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of these studies failed to reduce serum lipid and 
lipoprotein levels in any patient below the 
normal range of values. The question is raised 
as to how these serum concentrations are main- 
tained in the absence of direct dietary contribu- 
tions of fatty acids and cholesterol. 

Unless a starvation regimen be imposed the 
restriction of dietary fat implies an increase in 
the carbohydrate intake. Chaikoff?! and 
Stetten?? and their co-workers have shown in 
experiments with rats that a large proportion 
(perhaps one-third) of ingested glucose is 
transformed into fat before utilization. This 
transformation, which is at least partly under 
the control of insulin, is carried on actively 
at normal and high levels of carbohydrate intake 
and regardless of the absence of fat or protein 
from the diet. 

Since the storage capacity of the body for 
carbohydrate is limited, conversion of carbo- 
hydrate into fat is to be expected when food 
intake exceeds energy requirements. Evidence 
for such a conversion is available in our studies. 
A comparison of changes in total body water 
(measured by means of antipyrine*) with 
changes in body weight occurring on the rice 
diet (1v) revealed that in eleven of the seventeen 
patients studied there was a greater loss of 
water than of weight. The magnitude of these 
increases renged from 1 to 10 kg. over periods 
of three to fifteen weeks on the rice diet. This 
paradox presumably resulted in part from 
increases in the body fat. Confirmatory evidence 
is provided by the finding of a postabsorptive 
respiratory quotient * slightly greater than 1.0 in 
one subject who was gaining weight while 
losing body water. Such a respiratory quotient is 
generally presumed to indicate the transforma- 
tion of carbohydrate into fat. 

The continuation of normal serum cholesterol 
concentrations after elimination of the dietary 
cholesterol intake is probably also due to an 
active mechanism for endogenous synthesis. 
Abundant supplies of the known precursors of 
cholesterol are available from the metabolic 
pools of small organic molecules in the body. 
Abell and Kendall? in this laboratory have 
shown that the excretion of cholesterol in the 
feces is not greatly reduced in patients on the 

* For these measurements we are indebted to the 
New York University Research Service, Goldwater 
Memorial Hospital. Drs. M. Dunning and E. Y. Berger 


performed the studies of total body water and Dr. Mor- 
ton Galdston determined respiratory quotients in 


selected patients. 
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rice diet. (Table vu.) Four patients excreted 
amounts (0.3 to 0.9 gm. per dzy) of total 
digitonin-precipitable sterols ranging from 5C to 
125 per cent of their excretion on the control 
diet. The average change on the restricted ciet 
was a decrease of only 20 per cent in fecal sterol 


TABLE VI 
FECAL STEROL EXCRETION DURING CONTROL AND RICE DIETS 





Total Digitonin-precipitable 
Sterols (mg./day) 


: Weeks on 
Pangai Rice Diet 
Control (1) | Rice (rv) Eo 
0, 
F. S. 28 430 300 — 30 
B. M. 6 480 600 +-25 
H. C. 6 1150 920 -—2C 
A. W. 11 730 350 — 57 
Áverage 700 540 — 22 


excretion despite the fact that dietary sterol 
intake decreased from 1 gm. per day on tne 
control diet! to 0.1 gm. per day of plant sterals 
(digitonin-precipitable) on the rice diet (iv). 
This study provides strong evidence of an active 
synthesis and excretion of cholesterol in the body 
when the exogenous supply of preformed 
cholesterol is cut off. 

There was a marked variation in the response 
of different individuals to the dietary restrictions. 
lhe changes in concentration of the serum 
lipids and lipoproteins following restriction of 
dietary fat and cholesterol cannot be predicted 
for any given patient. The type of change ob- 
served cannot be correlated witb the degree of 
elevation of the blood pressure, with the response 
of the blood pressure to treatment, with tke 
presence or absence of overt arteriosclerosis, cr 
with changes in body weight. 

In these studies changes in cbolesterol intake 
did not have any effect distinct from that resul-- 
ing from fat restriction. T'he special low sodium 
diet (Diet 11) which provided 55 gm. of fat but 
only 40 mg. of cholesterol daily did not significantly 
change the serum lipid or lipoprotein levels from 
the values observed on the control diet (Diet ©, 
which contained, 85 gm. of fat and 1 gm. cf 
cholesterol daily. Our observations indicate 
that it is the restriction of dietary fat rather than 
cholesterol which affects the metabolism of the 


serum cholesterol and other lipids. This finding 


is in agreement with the results of Keys?* and of 
Hildreth et al.?5 

It has been shown that patients on the rice diet 
frequently develop abnormal responses to some 
of the tests used to evaluate liver function. In a 
previous paper! these abnormalities were con- 
sidered to be indicative of a mild disorder of liver 
function which might also be responsible for the 
changes in the serum lipid pattern observed 
during restriction of dietary fat. This point of 
view has now been modified. With one excep- 
tion the abnormal results in thymol turbidity 
tests occurred only in patients who exhibited 
neutral fat lipemia on the rice diet. We have 
observed that transient elevation of the thymol 
turbidity test also occurs during alimentary 
lipemia. Kunkel and Hoagland?$ have reported 
that false-positive thymol turbidity tests are 
associated with the lipemia occurring in the 
nephrotic syndrome. Thus it seems probable 
that the elevations of thymol turbidity observed 
in this study are related to changes in the serum 
lipoproteins involved in the reaction with thymol 
rather than to disordered function of the liver. 

The hypersensitivity to dicumarol noted in 
this investigation was probably due to faulty 
absorption of vitamin K occasioned by decreased 
absorption of fat on the restricted diet. The 
hypersensitivity could be abolished either by 
adding fat to the diet or by administering 20 mg. 
per day of a water-soluble preparation of 
vitamin K. 

The decline in the percentage of cholesterol in 
the ester fraction and the occasional finding of 
increased bromsulfthalein retention thus remain 
as the only indicators of hepatic dysfunction in 
patients on the rice diet. Although altered 
metabolic processes in the liver probably con- 
tribute to the observed changes in serum lipid 
and lipoprotein patterns, there is no cogent 
argument for clinically important liver damage. 


SUMMARY AND CONCLUSIONS 


Controlled observations of serum lipid and 
lipoprotein levels have been made in a series of 
hospitalized patients with severe essential hyper- 
tension undergoing both partial (twenty-three 
patients) and practically complete (forty-four 
patients) restriction of dietary fat and choles- 
terol. T'here is no information to indicate that the 
observations reported here are peculiar to the 
hypertensive individual. 

Three major findings resulted from this 
investigation: (1) The restriction of dietary fat 
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to 3 gm. per day and elimination of cholesterol 
intake did not reduce the serum lipid or lipo- 
protein levels in any patient below the normal 
range of values. Compensatory metabolic mech- 
anisms exist for maintaining the serum lipid and 
lipoprotein concentrations when lipid is not 
available in the diet. Carbohydrate and protein 
appear to be ready sources for endogenous 
synthesis of the lipids present in the serum. 
(2) The results of drastic dietary restriction of 
fat and cholesterol] showed great variability 
among patients in the effects on the serum lipid 
patterns. Serum cholesterol ester levels usually 
declined with restriction of daily fat intake 
below 40 gm. Free cholesterol and lipid phos- 
phorus concentrations showed no consistent. 
change. However, one-fifth of the patents 
undergoing such restriction exhibited a lipemia. 
chiefly marked by elevation of the serum neutral 
fat. Data on serum lipoproteins showed that 
the dietary restriction did not significantly alter 
the concentration of the S; 12-20 class oi 
particles and that substantial increases in the 
S: 20-100 class were provoked. The response of 
the serum lipids and lipoproteins to restrictior 
of dietary fat was not predictable for any giver 
patient. The type of change observed was no: 
correlated with the severity of the hypertensior. 
or with the presence or absence of arteriosclerotic 
complications. (3) The restriction of dietary 
fat rather than the restriction of dietary choles- 
terol is responsible for the observed alteration: 
of the serum concentrations of cholesterol and 
other lipids. 
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mixed soybean sterols to a cholesterol- 

enriched diet fed to chicks prevented the 
hypercholesterolemia which otherwise occurs on 
a high cholesterol diet.! On the basis of this 
observation he proposed that the absorption of 
cholesterol is interfered with by one or more of 
the constituents of soybean sterol mixtures, 
most likely sitosterol. That sitosterol might 
interfere with reabsorption of cholesterol secreted 
into the intestinal tract in mice had previously 
been suggested by Sperry and Bergmann. ? 

Stimulated by Peterson’s report and the grow- 
ing body of evidence linking cholesterol with 
atherosclerosis? a number of investigators have 
been exploring the effects in man of the admin- 
istration of soy sterols, with conflicting results 
reported.** Unreported studies in this laboratory 
noted a hypocholesterolemic effect in man of a 
soy sterol mixture containing approximately 
80 per cent gammaz-sitosterol, the greater part of 
the remainder being stigmasterol. 

In a preliminary report® we summarized the 
effects of the administration of beta-sitosterol 
(a stereoisomer of the gamma-sterol) up to 
eighteen weeks on nine patients on an un- 
restricted diet. The sterol used was derived 
from tall oil or cottonseed oil and contained 98 
per cent beta-sitosterol. In all patients there was 
a reduction in serum total cholesterol, the mean. 
fall ranging from 6.7 to 20.0 per cent of the 
control level. A reduction in the ratio of total 
cholesterol to lipid phosphorus was also noted. 

Sufficient data have now been obtained in 
fourteen patients to permit evaluation of the 
effects of the prolonged administration of beta- 
sitosterol on serum cholesterol and other lipid 
fractions. ~ 


I 1951 Peterson reported that the addition of 


METHODS 


Fourteen subjects (Table 1) were studied for 
periods ranging from thirteen to sixty-four 


weeks, the mean period of observation being 
forty weeks. Twelve subjects had elevated serum 
cholesterol levels not associated with hypo- 
thyroidism, diabetes mellitus or the nephrotic 
state. The remaining two volunteers were 
"normal. A major factor in the selection was 
the ability and willingness of the subjects to 
cooperate and adhere to the prolonged schedule 
of treatment. 

Six to 8 am. of beta-sitosterol} was admin- 
istered orallv immediately before the ingestion of 
food, the usual total being 20 to 25 gm. per day. 
Ás much as 50 gm. per day has been admin- 
istered on occasion. A placebo preparation, 
similar in appearance, taste and consistency, was 
administered for one or more periods to each 
patient. At no time did the patient know whether 
he was taking sitosterol or a placebo and, with 
the exception of the three faculty members 
included in the study (H-1, H-2, H-4), none 
was aware that a placebo was used. This pre- 
caution was taken to avoid possible influence of 
such knowledge on the patient's selection of diet, 
particularly with regard to fat and cholesterol 
content. There was no restriction as to the 
amount or type of diet. 

Each patient was seen at one or two week 
intervals, his weight recorded, and a fasting 
specimen cf blood drawn at approximately 
9 A.M. The blood was allowed to clot and the 
serum separated by centrifugation. If there was 
any evidence of hemolysis the specimen was dis- 
carded. Total cholesterol was determined by the 
method of Abell lipid phosphorus by the 
method of Zilversmit,? and total lipid by the 
method of ce la Huerga.? Multiplication of lipid 
phosphorus by 25 permits its expression as 
phospholipid. That portion of the total lipid not 
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accounted for as phospholipid or cholesterol was 
designated neutral fat. !? 

In seven subjects the effect of sitosterol on 
serum lipoproteins, as determined by ultra- 
centrifuge, was studied. At intervals during 
both control and treatment periods a sufficient 


(H-6) are shown in Figure 1. During each of the 
three periods of sitosterol administration serum. 
total cholesterol and total lipid were maintained 
at levels significantly below the mean control 
values. The substitution of a placebo preparation 
during the first two control periods was accom- 


TABLE I 
CLINICAL DATA OF SUBJECTS TREATED WITH SITOSTEROL 


| Sitosterol 


Age and | Observation 


Remarks 


Xanthoma tuberosum (confirmed by biopsy) 


Acute myocardial infarction six weeks prior to treatment; angina 


Acute myocardial infarction one year prior to treatment; angina pectoris 


Acute myocardial infarction three years prior to treatment; angina 


+ 


Acute myocardial infarction nine years prior to treatment; obesity 


Undiagnosed disease one year prior to treatment (hypertension, ana- 


sarca, proteinuria, abnormal pattern of serum proteins by electro- 
phoresis and acute arteritis by biopsy; duration four months) 


Acute myocardial infarction eighteen months prior to treatment; 


Peripheral arterial insufficiency 


Acute myocardial infarctions one, four and five years prior to treatment; 


Idiopathic hyperlipemia 


Obesity; otherwise “normaP’ 


Fanent Sex (weeks) an : 
A-6 | 43,M 34 28 
A-5 | 43, M 44 36 
pectoris 
A-4 | 44, M 48 40 
H-7 | 77,F 56 52 
i pectoris 
A-3 51, F 28 20 Xanthelasma 
H-6 | 50, M 56 32 
H-8 | 40, F 64 52 
H-5 | .33, M 60 52 Labile hypertension 
A-2 | 41,M 22 16 
. xanthelasma 
H-4 | 58, M 62 56 
H-3 | 65,M- NN 8 
angina decubitus 
A-1 34, F 34 28 
H-2 | 43,M 24 8 
H-1 46, M 22 8 “Normal” 


amount of blood was collected from these sub- 
jects to permit this additional analysis. The 
portion of the serum specimen for ultracentrif- 
ugal analysis was refrigerated and shipped air 
mail to Indianapolis. Analysis was performed at 
a solution density adjusted to 1.063, and a 
template employed to facilitate the calculations. ! 


RESULTS 


Changes in serum lipids consequent to sitos- 
terol administration in a representative patient 


panied -by a return to the pretreatment range. 
During the final control period the patient 
received neither sitosterol nor a placebo, and 
again serum lipids returned to the pretreatment 
range. The lack of consistent effect on lipid 
phosphorus in this patient is considered repre- 
sentative; most other patients, however, demon- 
strated a more consistent fall in neutral fat 
during sitosterol administration. 

The effects of sitosterol administration on the 
various serum lipids in the fourteen patients 
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Fra. 1. Effects of repeated administration of sitosterol; e£ects of sitosterol on the various serum lipids of a representa- 
tive hypercholesterolemic patient. Broken lines indicate mean control, 


studied are presented in composite dot diagrams 
(Figs. 2, 3, 4, 5 and 6) constructed in a similar 
manner. The per cent deviation from mean con- 
trol values is represented on the vertical axis. 
At the left each dot represents one control 
determination, expressed as per cent deviation. 
from the mean control value for that subject. 
To the right of the broad vertical line the data 
are expressed in terms of months, each dot 
representing the mean of the two to four deter- 
minations made during the month. The mean 
control level is represented by the broken line: 
the solid line represents the mean effect of 
sitosterol administration. The two patient: 
(A-1 and A-6) with pronounced hyperlipemiz 
displayed unusual spontaneous fluctuations ir. 
serum lipids and are designated by triangles. 
The administration of beta-sitosterol is ac- 
companied by a consistent fall in serum total 
cholesterol. (Fig. 2. ) This effect is manifested b» 
the end of one week, and a further decline occurs 
during the succeeding several weeks. The effec- 
tiveness of sitosterol in lowering serum cholestercl 
is sustained throughout the period of study, ther= 
being no indication of a tendency to “escape.” 
The degree, approximately 20 per cent, and 
consistency of the reduction in serum total lipid 
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(Fig. 3) are similar to those of cholesterol. Since 
serum cholesterol constitutes only about one- 
third of the total lipid, it is evident that one or 
more other serum lipids must be decreased 
following administration of sitosterol. 

A less pronounced and less consistent effect 
was observed on serum lipid phosphorus. (Fig. 
4.) 'The variability of the lipid phosphorus dur- 
ing both control and treatment periods can be 
seen to be appreciably greater than that of 
either total cholesterol or total lipid. 

'The remainder of the total lipid not accounted 
for as phospholipid or cholesterol has been 
designated neutral fat. The mean reduction in 
neutral fat (Fig. 5) is in general comparable to 
that in cholesterol. An even greater degree of 
variability of neutral fat is apparent. 

The ratio of serum total cholesterol to lipid 
phosphorus has been described as being rela- 
tively constant.]? The variability in control 
values of this ratio (Fig. 6) is therefore some- 
what unexpected. Some reduction of the total 
cholesterol/lipid phosphorus ratio resulted from 
sitosterol administration, a reflection of the 
greater reduction of cholesterol as compared to 
that of lipid phosphorus. 

The mean levels of each of the various serum 


64 Effects of Sitosterol on Serum Lipids— Best et al. 
% Deviation 





from Mean 
“Control Values 
(t284l 
*28a 
*20 4 
| ^ | 
+10 t x 
PORE eee me eee ener eee 
eae . " à 
%2 oe y 
e e 4 à S. x 
& 
+ 4 _ 3 . 8 
-20 ki 1 s x - 
e hd e e T 
^ 3 i : e "4$ 
= E 3 
2 g â e 08 ^ i 
-40 k 
(-57 4) 
CONTROL 6 | 2 3 4 5 6 9  IOtol4 


Initial and | 
Placebo Periods 
Fic. 2. Per cent change; serum total cholesterol (fourteen subjects). Effect of sitosterol on serum total cholesterol. 
The triangles designate values in two patients (A-1 and A-2) with pronounced hyperlipemia (see text). 


T 8 
Months Continuous Administration of Sitosterol 


% Deviation. 





from Mean 
Control Values : 
(+63 e] 
+35 ¢@ 
+20 e 
e 
e 
A 
+10 4 : 
Oor--- Iur ENS ce ect ee Oe ce a eae Oo oe ee E 
4 ° ‘¢@ S : da 
> 2 i = '. 
eA yer mE 
EX $3 d | : 9 
: $ $ 


-20 ; . NN DRE. 


e Ae 
AA a T e . "s " 
-30 : : : 
4 A x e 
-40 FEA á : 
CONTR GL A C784) C49) (504) | 
iafidland O | wy. do 4 5 9, T 1,8 ,9. lOtol4 


Placebo Periods Months Continuous Administration of Sitosterol 


Fic. 3. Per cent change; serum total lipid (thirteen subjects). Effect of sitosterol on serum total lipid. 
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lipids during control periods and periods of 
sitosterol administration are tabulated in Tzble 
u. All determinations of serum lipids are in- 
cluded in the data presented except those made 
during the two-week period immediately follow- 
ing discontinuation of sitosterol. These values 


% Deviation 


The two patients with pronounced hyper- 
lipemia, designated by triangles in Figures 2 to 6, 
deserve special comment. One subject, A-6, 
displayed marked elevation of all the lipid frac- 
tions determined, with a mean control serum 
total cholesterol of 843 mg./100 ml. The other 
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Fic. 6. Per cent change; ratio serum total cholesterol lipid phosphorus. Effect of sitosterol on serum total cholesterol/ 


lipid phosphorus ratio. 


were omitted in order to minimize any possible 
persistent sitosterol effects on the control valuss. 
Data on serum total lipid and neutral fat zre 
missing for subject H-8, whose serum display2d 
a peculiar clotting tendency that made routine 
determination of total lipid impractical. 

The subjects are listed in order of decreasing 
control level of serum cholesterol. It can pe 
seen that all patients displayed a fall in choles- 
terol; the fall ranged from 28.8 per cent of tae 
control level in patient A-5 to 6.5 per cent of tne 
control value in subject H-2. It will be observed 
that in general the higher the cont-ol level of 
cholesterol the greater the fall during sitosterol 
administration, not only in absolute values bat 
in terms of per cent as well. Thus the twelve 
hypercholesterolemic patients experienced a 
mean fall of 16.0 per cent while the two “‘nar- 
mal” subjects had a mean fall of 6.8 per cent. 


subject, A-1, displayed an increase chiefly in 
neutral fat, her mean control cholesterol being 
224 mg./100 ml. In both there were wide fluctua- 
tions in serum lipid levels during both control 
and treatment periods (Table n). Although the 
mean fall in cholesterol and other lipids dis- 
played by these two subjects is comparable to 
that of the other patients, the wide fluctuations 
make interpretation difficult and more observa- 
tions will be needed to evaluate fully the effects 
of sitosterol in such hyperlipemic subjects. 

The mean levels of serum lipoproteins of the 
S: classes determined during control periods and 
periods of sitosterol administration in seven 
patients are shown in Table irr. Although a trend 
toward lower levels of S; 3-100 lipoproteins dur- 
ing the administration of sitosterol is apparent, 
this effect is much less consistent than that on 
serum cholesterol and total lipid. 
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COMMENTS 
A sustained lowering of serum total cholesterol 


results from the prolonged administration of. 


beta-sitosterol. A concomitant reduction in 
serum total lipid, neutral fat and, to a lesser 
degree, lipid phosphorus occurs. The employ- 
ment of a placebo during control periods and the 
failure of any of the patients to lose weight 


during the period of study, would seem to 
eliminate any possibility that the effects ob- 
served were due to dietary modification. The 
number of determinations performed in each 
patient allows for the recognized variability in 
serum cholesterol. 1+3 

Studies with animals have done much to 
explain the probable mechanism of the hypo- 


TABLE II 
EFFECTS OF SITOSTEROL ON SERUM LIPIDS 
(Expressed m mg./100 ml.) 


Total Cholesterol | Lipid Phosphoru: 


Patient 














Sitos Sitos 

Control er Control iso 

A-6 Mean 843 614 33.5 28.1 
S.D. 56 84 0.9 2.9 

A-5 Mean 361 257 17.5 13.9 
S.D. 26 12 1.6 1.2 

A-4 |Mean| 330 281 14.7 13.5 
S.D. 19 15 1.3 0.1 

H-7 Mean 297 237 14.8 13.3 
S.D. 13 14 1.7 2.5 

A-3 Mean 286 253 16.1 14.3 
S.D. 17 11 1.3 1.9 

H-6 Mean 285 244 12.8 12.3 
S.D. |. 13 11 1.2 1.4 

H-8 Mean 276 214 15.1 12.1 
S.D. 4 27 1:2 1.1 

H-5 Mean 273 235 14.7 13.6 
S.D. 10 11 2.2 1.5 

A-2 Mean 264 243 12.6 13.0 
S.D. 7 11 1.5 0.4 

H-4 Mean 261 233 12.1 12.9 
S.D. 16 17 1.6 1.3 


H-3 Mean, 260 229 12.2 11.4 
S.D. 11 14 . 1.1 5.0 


A-1 Mean| 224 206 12.6 15.1 


S.D. 68 43 3.1 1.9 
H-2 Mean| 215 201 11.4 13.8 
S.D. 10 9 1.0 tet 
H-1 Mean| 196 182 10.7 10.2 
S.D. 11 7 1.3 1.4 














Neutral Fat Total Lipid TC/LP Ratio 
Sitos- Sitos Sitos- 
Control icto Control tidl Control terol 
3092 2264 | 4772 3581 24.1 21.8 
542 290 500 413 0.9 1.9 
457 282 1254 889 20.4 18.7 
74 10€ 123 138 14 1.2 
349 278 1019 899 22.5 20.9 
52 4€ 73 34 1.2 1.9 
269 177 937 743 20.3 18.0 
54. 60 26 56 2.9 1.4 
213 193 902 804 17.7 17.7 
38 57 75 36 1.3 1.7 
314 290 927 839 22.6 20.6 
106 43 103 22 2.6 2.1 
18.4 17.6 

1.8 1. 
412 403 1054 | 965 19.0 17.6 
47 48 73 80 3.6 1.8 
208 180 788 749 21.1 18.9 
38 41 24 51 2 1.1 
338 235 902 790 21.8 18.4 
86 34 64 52 2.7 1.7 
357 298 920 813 21.5 20.3 
57 1 43 3 2.2 1.8 
1520 664 | 2059 1198 17.8 15.2 
739 259 870 344 4.0 2.9 
291 212 |. 791 758 18.9 14.9 
42 94. 37 131 1.5 0.9 
290 240 752 688 | 18.6 | 17.9 
73 67 57 23 2.2 3.2 
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cholesterolemic effect of sitosterol. The sugges- 

tion tbat sitosterol acts by interferirg with the 

absorption of cholesterol from the digestive 

tract? has been confirmed by Hernandez using 

the technic of thoracic duct cannulization in 

rats.!1415 He fed C!4-labeled cholesterol, alone 
| 


TABLE III 
EFFECT OF SITOSTEROL ON SERUM LIPOPROTEINS 




















St 3-10 St 10-30 Sr 30-100 Total 
(gm./ (gm./ (gm./ Cholesterol 
100 ml) 100 ml) 100 mi.) (mg./ 
; 100 ml) 
Patient 
Con- | Sitos- | Con- | Sitos- | Con- | Sitos- | Con- | Sitos- 
trol | terol | trol | terol | trol | terol | trol | terol 
A-5 .39 .34 ET .08 -37 .12 357 272 
A-4 „46 .28 .06 .05 .09 06 360 266 
H-7 .21 .31 .07 .03 .01 .01 282 234 
A-3 .70 .28 .12 .03 .09 .12 298 265 


H-6 .43 -37 .03 .10 .08 .07 304 253 
A-2 .27 .25 .02 .07 .01 „01 270 238 
H-4 „44 ,29 .10 05 12 .07 261 241 


and in conjunction with either beta-sitosterol or 
mixed soy sterols, and observed that addition of 
the plant sterols resulted in a pronounced de- 
crease in the C14 recovered in the thoracic duct 
lymph. 

The structural formulas of cholesterol and 
beta-sitosterol are quite similar, differing only in 
the presence of an ethyl group on carbon-24 of 
sitosterol. Both possess a free hydroxyl group on 
carbon-3. It is by means of this carbon-3 
hydroxyl group that cholesterol, in the presence 
of bile salts and pancreatic esterase, combines 
with fatty acids to form cholesterol esters. That 
soy sterols under the same conditions also form 
esters has recently been shown by Swell and 
coworkers. !9 

Esterification of the greater part if not all of 
the cholesterol absorbed occurs at some point 
between its introduction into the gut and its 
arrival in the lymph. Peterson has observed that 
when cholesterol is fed as an ester its rate of 
absorption is decreased rather than increased. 17 
This observation is best understood if esterifica- 
tion is considered as a step in the transport 
mechanism by which cholesterol is absorbed. 
Thus prior esterification would be expected to 
impede rather than to facilitate absorption. 

In view of these considerations it is suggested 
that sitosterol interferes with cholesterol ab- 
sorption by competing for esterification, a step 
in the transport mechanism by which cholesterol 


is absorbed. Schoenheimer failed to demonstrate 
by chemical methods any absorption of sitos- 
terol, and it was long considered to be essentially 
non-absorbable.!? Recently Gould, employing 
tritium-labeled sterols, has restudied the absorp- 
tion of cholesterol and sitosterol.!? He observed 
that beta-sitosterol was absorbed, though much 
less readily than cholesterol. Sitosterol also 
disappeared from the blood much more rapidly 
than cholesterol and did not accumulate in the 
body. The demonstration that sitosterol is 
absorbed, though poorly, perhaps lends support 
to the concept that it acts by competing with 
cholesterol for absorption. 

It seems probable that sitosterol interferes 
with the absorption of the cholesterol excreted in 
the bile as well as that present in the diet since 
both are introduced into the intestine in the free 
state. That the results of sitosterol administra- 
tion are not identical with those of restriction of 


‘dietary cholesterol (a measure that does not 


consistently lower serum cholesterol unless 
accompanied by restriction of dietary fat?!) is 
most likely due to its effect on biliary cholesterol. 

The administration of sitosterol is accom- 
panied by a significant lowering of serum 
neutral fat. This is presumably a secondary 
effect to the lowering of serum total cholesterol, 
an appreciable part of which js present in 
complex combinations also containing neutral 
fat. The possibility remains, however, that 
sitosterol in the dosage administered might 
interfere also with fat absorption, leading to 
lower levels of serum neutral fat and contribut- 
ing to the reduction of serum cholesterol. 
Results of current studies of the effect of sitos- 
terol on fat absorption may serve to clarify 
the mechanism by which sitosterol lowers serum 
neutral fat. 

Gofman and coworkers have been concerned 
with the physicochemical state of the serum 
lipids as determined by the analytical ultra- 
centrifuge and as expressed in Svedberg units of 
migration (S;). They report that restriction of 
dietary fat results in a reduction of the serum 
levels of S; 12-100 lipoproteins, classes which 
they consider to be particularly concerned with 
atherosclerosis.?! The administration of sitosterol 
also appears to effect a lowering of these classes 
of lipoproteins. 

The amount of sitosterol employed in these 
studies, 20 to 25 gm. per day, was largely empiric. 
As little as 10 gm. per day has been noted to 
have a hypocholesterolemic effect; higher dos- 
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age, up to 50 gm. per day, appeared to have 2 
more pronounced effect, but optimal dosage ha: 
not yet been determined. 

Attempts to lower or otherwise alter the 
serum lipids and lipoproteins have been the 
natural outgrowth of the cholesterol concept oi 
atherogenesis. The changes in serum lipids and 
lipoproteins resulting from sitosterol administra- 
tion, on theoretical grounds, may be considered 
desirable in atherosclerotic states. The absence 
of any toxic or adverse side effects of sitostercl 
permits continuation of these studies to evaluatz 
its effect on atherosclerosis in man. 


SUMMARY 


1. The effects of the plant sterol, beta-sitos- 
terol, on serum cholesterol, other lipids and 
lipoproteins have been studied. Twenty to 25 gm. 
of sitosterol per day was administered for pro- 
longed periods to fourteen patients on free diets. 

2. A sustained lowering of serum total choles- 
terol results from the prolonged administraticn 
of sitosterol. A concomitant reduction in serum 
total lipid, neutral fat and, to a lesser degree, 
lipid phosphorus occurs. | 

3. A trend toward lower levels of S; 3-12, 
10-30 and 30-100 classes of lipoproteins occurs 
during sitosterol administration but this effect is 
less consistent than the reduction of serum 
cholesterol. 

4. The effects of sitosterol are attributable to 
its interference with absorption of cholesterol. 
They are not identical with those of dietary 
cholesterol restriction, since sitosterol would 
seem to reduce absorption of cholesterol present 
in the bile as well as that present in the diet. 

5. It is suggested that sitosterol interferes w:th 
cholesterol absorption by competing for ester=fi- 
cation, a step in the transport mechanism by 
which cholesterol is absorbed. 

6. The changes in serum lipids and lipo- 
proteins resulting from sitosterol administration 
are in the direction generally considered desir- 
‘able in atherosclerosis, and the absence of any 
toxic or adverse side effects permits its further 
study in man. 
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Chicago, Illinois 


HE influence of thyroid activity upon the 

serum lipids has been well documented!^* 

and its clinical usefulness defined.*77 
With the recent advent of new methods for 
describing the serum lipids with the analytic 
ultracentrifuge® and filter paper electrophore- 
sis,? efforts are again being made to recog- 
nize some abnormality in the serum lipid 
pattern which might distinguish the hyper- 
lipemia of myxedema from the hyperlipemia 
which may accompany atherosclerosis of the 
coronary arteries!!! This would seem to 
be of more than passing interest in view of the 
current controversy over tbe relationship of 
hypothyroidism to atherosclerosis, 12-18 


MATERIAL AND METHODS 


Fasting serum was obtained from patients in 
the University of Chicago Clinics who mani- 
fested hypothyroidism, hyperthyroidism or coro- 
nary artery disease. Over a three-year period 
samples were obtained from twenty-five patients, 
of whom twenty-one were females, with une- 
quivocal hyperthyroidism as yet uncontrolled by 
therapy. The criteria for hyperthyroidism were 
the usual clinical signs supported by a basal 
metabolic rate of more than +20 per cent 
and/or a serum protein bound iodine level above 
8 ug. per cent. Conversion ratios and data on 
thyroid uptake of I1?! were obtained through the 
kindness of Dr. Dwight Clark when necessary. 14 
Of these patients, three had an associated 
diastolic hypertension, one had the anginal 
syndrome and two had malignant exophthalmos. 

In the same period, sera were obtained from 
seventeen patients with untreated hypothy- 


roidism, of whom ten were females. Thirteen of 
these patients could be said to have true myx- 
edema by the criteria of Gildea, Man and 
Peters,® including response to therapy. The 
remaining four were atypical only in that they 
had an equivocal therapeutic response. Of this 
total group, two were in congestive heart failure, 
one was troubled with the anginal syndrome, 
one patient had hypertension and two more had 
significant cardiomegaly. Thus approximately 
one-third of these patients had suggestive 
evidence o: heart disease, although none had an 
electrocardiographic pattern diagnostic of previ- 
ous myocardial infarction. 

Many patients with coronary artery disease 
have been followed by periodic analyses of their 
serum lipids. From this large group were selected 
a few patients to be matched with the hypo- 
thyroid patients as to sex, age and serum 
cholestero. level. These groups were matched 
with some difficulty because of the sex difference 
in the two disorders and a difference in age 
distribution in the two groups. In order to 
match the high serum cholesterol levels found in 
certain hypothyroid patients, we included one 
man with a previous myocardial infarction and 
xanthoma tendinosum and tuberosum, and two 
women who had as yet manifested no evidence 
of coronzry disease but had xanthoma ten- 
dinosum in one case and xanthoma planum in 
the other. One myxedematous woman, age 
thirty-three, could not be matched with any 
coronary disease patient, but was matched with 
a twenty-five-year old woman with comparable 
cholesterol level and a presumptive family 
history of coronary disease. The remainder of 


* From the University of Chicago, Department of Medicine, Chicago, Ill. Presented in part before the Midwestern 
Sectional Meeting of The American Federation for Clinical Research in Chicago, Il., this investigation was supported 
by a research grant from The National Heart Institute of The National Institutes of Health, Public Health Service. 

f Present address: Boston Veterans Administration Hospital, Boston, Mass. 
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this matched group all had uncomplicated 
coronary artery disease (as defined by the New 
York Heart Association Committee of Diag- 
nostic Criteria!5), either proved myocardial 
infarction or the anginal syndrome. Sex, serum 
cholesterol level and age were matched as 
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and Page!" and centrifuged for thirteen hours 
at 50,000 r.p.m. in the 30.2 rotor of the Spinco 
Model L centrifuge. The top fraction was 
removed and diluted to 2 cc. with salt solution 
of 1.21 density and analyzed in the Spinco 
Model E ultracentrifuge, exposures being made 


TABLE I 
COMPARISON OF THE MEAN OF THE SERUM LIPID FRACTIONS AND ITS STANDARD ERROR IN HYPOTHYROID AND 
HYPERTHYROID PATIENTS 











Serum Lipids (Chemical Analyses) 
(mg. per cent) 


| Serum Lipoproteins (Ultra- 
centrifugal Analyses) 
(mg. per cent) 











P 

ae | Sie: | Sia 

Phos- C/LP 0-10 20-40 —S,5 —S81n 
lios (a-Lipo-|(8-Lipo-| 40-70 100400 

tipi d protein) | protein} 

31.45 | 22.68 | 142 137 47 31 
0.84 | 0.58 10.2 12 4.33 | 5.38 

27.88 | 27.25 | 174.5 350 143 83 
1.04 | 0.99 15.3 32 25.2. | 22.9 


Total Total Phos- 
Choles- D. jr pho- 
terol p lipid 
Hyperthyroidism: 
MAD yes dete ER s 176 627 | 194 
+ Standard error... TO 26 6.24 
Hypothyroidism: 
NICHE 5c ses outa I7 | 408 1404 | 370 
+ Standard error. . | 25.4 | 117 | 20.9 


closely as possible although, as will be seen, 
certain cases were matched rather loosely as to 
cholesterol level or age. Except for three cases, 
which almost cancelled out, the serum choles- 
terol levels matched within X31 mg. per cent. 
The age agreed within six years, except for four 
pairs. (None of several hundred cases of arterio- 
sclerotic heart disease could be found to match 
closely with the seventy year old myxedematous 
man who had a serum cholesterol of 614. Conse- 
quently, he was compared in Table i with the 
younger man who had an essential hyperlipemia 
with xanthoma tuberosum and previous myo- 
cardial infarction. 

Duplicate samples of serum obtained before 
treatment were extracted in alcohol:ether as 
described by Bloor!$ and analyzed in duplicate 
for total lipids, total cholesterol and lipid phos- 
phorus. Total lipids were determined gravi- 
metrically, cholesterol colorimetrically by the 
Lieberman-Burchard reaction, and lipid phos- 
phorus colorimetrically using a modification 
of the Fiske-Subbarow technic. A third 5 cc. 
sample was then brought to a density of 1.21 
with NaCl and KBr as described by Lewis 


at 0, 2, 10, 26 and 34 minutes after reaching 
a running speed of 52,640 r.p.m. In determining 
concentration, no effort was made to correct 
for the Ogston-Johnston effect. 15 


RESULTS 


Since it is well known that serum lipid values 
may be normal in hyperthyroidism and occa- 
sionally in hypothyroidism, it seemed advisable 
to compare the series of hyperthyroid sera with 
the hyperthyroid samples, as had been done by 
Mason, Hunt and Hurxthal,! in an effort to find 
the serum? lipid fraction most influenced by 
thyroid activity. Table 1 presents the mean 
values of the chemical and ultracentrifugal 
fractions in these two groups. It can be seen that 
there is a highly significant difference (P « 0.01) 
between all of the various chemical fractions, 
the beta lipoprotein, and its faster-rising com- 
ponents, —Si.21 40-70 and less certainly (P < 
0.04) 100—400. There is no significant difference 
(P > 0.1) in the alpha (—Si.21 0-10) lipo- 
protein. The chemical fractions present a two- 
fold increase in the hypothyroid group, the 
alpha lipoprotein a 1.25-fold difference, the 
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faster rising beta lipoprotein fractions approxi- 
mately a threefold rise. 

The difference in alpha; lipoprotein con- 
centration is not significant but the hyper- 
thyroid group has a greater predominance of 
women, and particularly of younger women who 
might be expected to show a higher alpha; 
lipoprotein concentration. Hence, the lesser dif- 
ference between the two groups in this fraction 
might be explained in part by these differences 
in age and sex. It has been well demonstrated 
shat estrogen administration will increase the 
concentration of alpha, lipoprotein in the serum 
of either sex,!??? and that the alpha: lipo- 
protein concentration is lower in young men 
than in young women.!* 

The greatest difference appears to be in the 
concentrations of beta lipoprotein (—Si5 
20—40), and its faster-rising component, —S:.5 
40-70 (equivalent to Gofman's 8; 12-20), 
which are much higher in hypothyroidism. It 
has been suggested that these lipoproteins 
correlate with atherosclerosis.!? It is worthy of 
note, however, that ten patients with hyper- 
thyroidism presented — 51.91 40-70 levels greater 
than 50 mg. per cent and seven had an —Sy.21 
100—400 greater than 40 mg. per cent. These 
patients included three with malignant exoph- 
thalmos, two with "essential" hypertension and 
one with theanginalsyndrome and electrocardio- 
graphic evidence of arteriosclerotic heart disease. 
Thus it would appear that an overactive thyroid 
is not incompatible with an elevation of the 
faster rising material with flotation rates from 
—S1.41 40-100. 

Mention has been made of a large concentra- 
tion of alphas lipoprotein in the serum of 
hypothyroid dogs!! and, in an isolated instance, 
in one myxedema patient's serum.*! In general 
there was no over-all or consistent increase of 
alphas lipoprotein in these hypothyroid sera— 
although it was present in measurable concen- 
tration (>10 mg. per cent) in about one-third. 
of the cases, a frequency comparable to the 
matched group to be presented. (Fig. 1B.) 
However one patient previously untreated and 
undiagnosed, who was severely myxedematous, 
presented a large alphas peak distinct from the 
beta peak. (Fig. 1D.) The alpha, peak almost 
equalled the beta peak in amplitude and the 
pattern was obviously unique. The chemical 
findings in this case were also unique, there 
being a large neutral fat component; the 
cholesterol was unusually low, relative to the 
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total lipid. The. alpha; concentration was quite 
low. This pattern of a large alpha: lipoprotein 
and a low alpha; is seen in some cases of 
"essential" hyperlipemia, in certain nephrop- 
athies and in certain cases of biliary cirrhosis. 
The low C/P ratio and high neutral fat sug- 
gests the latter most strongly in this patient. In 
this regard our experience corresponds with that 
of Swahn.? One patient with hyperthyroidism 
and mild essential hypertension also had a large 
beta peak which migrated slowly enough to 
perhaps include an alpha; peak. (Fig. 1A.) 

Comparison between the two matched groups 
in Table m reveals a tendency to higher serum 
lipid values in the hypothyroid subjects than 
in the patients with arteriosclerotic heart disease. 
None of the differences noted are statistically 
significant except for the beta lipoprotein 
(—S124 20-40). The differences in cholesterol- 
phospholipid ratio and —S1.e1 40-70 are signifi- 
cant only at the P < 0.10 level of confidence, the 
former being higher in atherosclerotic patients, 
the latter in myxedema. By Fisher's ¢ test, it 
could be shown that the beta lipoprotein level 
was significantly higher (P < 0.05) in the 
arteriosclerotic group than in myxedema, 
although the tendency in the other fractions was 
for the myxedema group to be higher. The 
probability that the difference might be due to 
chance became even less (P < 0.01) when the 
beta lipoprotein/total lipid or beta lipoprotein/ 
alpha lipoprotein ratios were used. 


COMMENTS 


One myxedematous subject's serum, of seven- 
teen such patients, did show a large amount of 
alpha; (—Si.21 20-25) lipoprotein previously 
described in hypothyroid dogs!! and humans.?! 
Except for this unique case, none of the other 
patients showed any significant increase in 
concentration of this lipoprotein fraction. We 
have confirmed the observation that hypo- 
thyroid dogs present a large alpha; fraction but, 
in fact, even normal dogs do not carry lipids 
with a beta globulin, but with the alpha globu- 
lins; hence the alpha; lipoprotein grows larger in 
induced canine hyperlipemia, e.g., diabetes. 
Also there is a wide variation in the flotation rate 
of the major (beta lipoprotein) peak from human 
to human, and sometimes in the same person. 
In some human sera we have seen an apparent 
reduction in rate of movement of the peak's nadir 
with increasing concentrations of the major 
component (Fig. 1C) and it becomes difficult 
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to separate this from the case in which the 
alpha; peak may be combined with the beta 
peak, defying resolution. (Fig. 1A.) This situa- 
tion must be distinguished from an unquestior.ed 
second peak in the —5,.s: range of 20-25 existing 
in the presence of a well defined beta lipoprotein 
peak at —$1.3 25 to 38. (Fig. 1D.) We heve 





seen this consistently in three cases of hepato- 
biliary disease we have studied and in six 
patients with essential hyperlipemia, four of 
whom had suffered with symptoms (and had 
electrocardiographic evidence) of coronary ar- 
tery disease. One of these patients apparently 
had a healed pyelonephritis. 


Ao id 


«y v 
» X LI LU 


2 MIN. 


IB MIN. 


26MiN. 


MINUTES AFTER REACHING 52,640 RPM. 


Fig. 1. Serum lipoprotein patterns in four patients. Flctation rate at density 1.21 and 26°c. A, fifty-six year old woman 
with essential hypertension and hyperthyroidism. (B.M.R. +71.) B, sixty-five year old female with myxedema and 
arteriosclerotic heart disease. (B. M.R. —30.) C, sixty-three year old female with myxedema. (B.M.R. —38.) D, fifty- 
seven year old man with myxedema, spondylolisthesis, right hip pain and inguinal hernias. (B.M.R. —36.) 
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TABLE II 
COMPARISON OF HYPERLIPEMIC PATTERNS IN HYPOTHYROID PATIENTS WITH PATTERNS IN FAMILIAL 
HYPERCHOLESTEREMIA PATIENTS WITH CORONARY ARTERY DISEASE * 




















Patient P 

$ 2 : er 

Cho- Phos- æ Lipo- ] " 8 Lipo-protein | cent 

f Sex les- ls pho- protein girar —$1.2: 40-70 | S12: 100-400 a Lipo-protein 8 
Bu ems and | terol copie |, lipid | Sun € D| "en v (mg. 95) (mg. %) Ratio | Lipo- 
boim n KC l(mg. 95) mg. "eK mg. 95)| (mg. 95) pim protein 

ism ease 

Keu F,31 | 389 | 1098 | 328 246 230 209 3224- 0.94 21.0 
GreT | F, 25 | 337 963 | 320 2905 > 365 63 30 1.24 38.0 

Fai F,33 | 309 988 | 290 208 347 79 15 1.67 35.1 
Dav |F,38 | 288 | 1020 | 303 208 598 67 110 2.87 58.6 

Kam F,35 | 413 | 1485 | 360 155 475 213 55 3.07 32.0 
Lic | F, 27 | 480 | 1245 | 323 60 518 113 3 8.63 41.6 

Sta F,44 | 654 | 2243 | 596 162 577 204 584- 3.56 25.7 
Keu |F,60 | 646 | 2185 | 505 81 672 213 310 8.30 30.7 

Gri M, 48| 540 | 1537 | 382 107 416 116 88+ 3.89 27.1 
Cre |M,25| 571 | 1328 | 390 154 644 40 4.18 48.5 

Hor F,50 | 412 | 1143 | 2328 244 307 67 434- 1.26 26.8 
Hee |F,52 | 393 | 1043 | 325 154 539 67 24 3.50 51.1 

Tob F,50 | 362 | 1103 | 310 205 436 85 40 2.13 39.5 
Che |PF,50 | 371 987 | 301 132 307 38 0 2.32 31.2 

Lew M, 52} 371 | 1090 | 302 188 374 106 3 1.99 34.3 
Ros |M,51| 355 | 1043 | 298 158 353 73 6 2.23 33.8 

Fal F,56 | 421 | 1158 | 378 252 205 60 12 0.81 11:3 
BaktiF,51 | 438 | 1328 | 365 161 769 146 18 4,77 58.0 

Hal » M,57| 327 | 2520 | 472 93 180 234 255 1.94 07.2 
Ric |M,53] 340 | 1213 | 310 121 322 79 30+ 2.66 26.5 

Tob M, 58| 300 841 | 305 143 196 36 10 1.37 25.3 
Par |M,55| 313 | 1130 | 285 57 432 140 209 7.58 38.2 

Cel F,60 | 400 | 1185 | 360 290 176 75 26 0.61 14.9 
Lou |F,63 | 372 | 1140 | 367 380 599 128 9 1.58 52.5 

Rig M,62| 319 | 1290 | 298 67 390 140 52 5.32 30.2 
Ada |M,60| 311 913 | 255 107 295 103 48 2.76 32.3 

Con F,63 | 410 | 1425 | 365 222 417 137 118 1.38 29.3 
Bab |F,60 | 410 | 1058 | 338 228 392 104 16+ 1.32 37.1 

Kuc F,65 | 408 | 1875 | 480 108 611 394 106 5.66 32.6 
Car |F,54 | 381 | 1050 | 308 100 410 115 52 4.10 39.0 

Qua M,69| 285 905 | 275 151 356 30 15 2.21 37.2 
Pax |M,65| 297 | 1008 | 300 165 304 55 24 1.81 30.1 

Blu M,70| 614 | 1990 | 463 129 289 249 193 2.24 14.5 
Bar |M,44| 534 | 2623 | 525 62 377 258 1010+ 6.07 14,3 

Mean: Cae Nee wed omen cure iE ew ee ws a ie aur 
Hypothyroidism 53 | 408 1404 | 370 174.7 350.7 143 83 2.415 26.3 
Coronary disease..| 49 | 402 1252 | 342 154.5 464.5 ' 106 112 3.901 38.9 
+ Standard error: : 

Hypothyroidism. ..| .. 25.8 | 118 | 20.9 15.5 ^ 32.0 23.2 22.3 0.373 2-2 
Coronary disease. .| .. 24.6| 111 17.8 20.8 . 36.0 14.4 59.6 0.581 2.8 


Annan ahah P HREE—SSC"—————————————— Á—ÓMPÜ ÀÀÀ— HÀ" — LE RR PR RR Rn CERE cann c cmn 
* Patients matched as to sex, age and serum cholesterol level. 
t Family history only of coronary disease. 
ti Xanthoma tuberosum without proved coronary disease. 


jULY, 1955 


46 Serum Lipid Patterns— Jones et al. 


The one patient with myxedema who pre- 
sented a definite double peak of the major 
lipoprotein present, the slower peak of the two 
falhng in the centrifugal range of alphas lipo- 
protein (Fig. 1D), had none of the aforemen- 
tioned complications clinically but did suffer 
from arthritis of obscure etiology which involved 
the back and right hip. One of the hyperthyroid 
patients who had essential hypertension pre- 
sented a large slow moving peak (Fig. 1A), the 
nadir of which occurred at — 5,51 23 and could 
be interpreted as a combination of alphas and 
beta lipoproteins which could not be resolved. 
The alpha, lipoprotein is apparently little 
affected by thyroid activity although our data 
are not designed to test this conclusively. 

In all situations in which hyperlipemia or 
hypercholesteremia exist, the tendency is for 
other fractions, both chemical and ultracentrif- 
ugal, to rise concurrently. This tendency can be 
seen in either coronary atherosclerosis or 
myxedema, yet the ultracentrifugal studies offer 
finer differentiation. While it may be said that 
the hypercholesteremia of both groups is 
associated with an increase in serum beta lipo- 
protein, and we would agree with Malmros and 
Swahn!? that the lipid pattern is similar in 
hypothyroidism and atherosclerosis, yet it may 
be further noted that the beta lipoprotein level is 
proportionately much higher in atherosclerosis 
for a given degree of hypercholesteremia. This 
lends further support to the observations of 
Pratt,?? Eder, Russ and Barr?? and the concep- 
tion of Page** who suggested that the primary 
abnormality of the serum lipids in coronary 
atherosclerosis may be an excessive beta lipo- 
proteinemia, either relative to the level of alpha 
lipoprotein or absolutely. Gofman's fraction, our 
—Si.e1 40-70, seems to mirror the beta lipo- 
protein in general and should probably be con- 
sidered a portion of that moiety. This, coupled 
with the fact that certain hyperthyroid patients 
still manage to have abnormal levels of —Si.a1 
40—400, suggests that the mechanism of develop- 
ment of the serum lipid abnormality differs in 
atherosclerosis from the hypercholesterolemia of 
myxedema.?* However, if the “intimal infiltra- 
tion" theory of atherogenesis is correct, and a 
particular lipid fraction of the serum is more 
culpable than others in atherosclerosis, any 
lipoprotein or chemical lipid fraction found 
associated with atherosclerosis can also 5e found, 
and in high concentrations, in myxedema. In 
other words this difference is only relative, not 


absolute, and in no way helps to settle the 
controversy as to the atherogenicity of the 
hypothyroid state. 


SUMMARY 


Serum lipids and serum lipoproteins were 
studied in twenty-five hyperthyroid and seven- 
teen myxedema patients. Mean total lipid, total 
cholesterol and phospholipid levels were all 
significantly higher in the latter group. The 
beta lipoprotein and faster rising lipoprotein 
moieties showed a particularly striking incre- 
ment, and contrasted with an insignificant 
difference in the alpha lipoproteins. 

The increase of the serum lipids in patients 
with hypothyroidism is qualitatively indis- 
tinguishable from that seen in idiopathic hyper- 
cholesterolemia which is so often associated 
with coronary atherosclerosis. However, when 
such hypercholesteremic patients are matched 
with hypothyroid patients as to sex, age and 
cholesterol level, a significantly higher beta 
lipoprotein fraction is found in the former group. 
This suggests that the hyperlipemia of athero- 
sclerosis arises through a mechanism which is 
different from that of myxedema. This observa- 
tion is also consistent with the idea that the 
primary abnormality of the serum lipids in 
atherosclerosis 1s an elevation in the level of beta 
lipoprotein. 
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The Night-eating Syndrome’ 


A Pattern of Food Intake among Certain Obese Patients 


ALBERT J. STUNKARD, M.D., WILLIAM J. GRACE, M.D. and HaroLb G. WOLFF, M.D. 
New York, New York 


ONE of the numerous recent studies of 
| \ | obesity has dealt with the eating pat- 
terns of obese patients in more than a 
cursory manner. Tbe rare papers on the subject. 
have reported that obese patients eat more 
frequently than the non-obese,’ less frequently,’ 
or even that decreased activity rather than a 
change in eating habits leads to okesity.* In 
two papers incidental mention has been madz 
that obese patients eat more at night.** 
Observation of twenty-five obese patients at a 
special study clinic of the New York Hospital 
has disclosed that the eating patterns of a large 
number form a distinctive syndrome character- 
ized by nocturnal hyperphagia, insomnia and 
morning anorexia. Such a pattern was not found 
in any of thirty-eight subjects without history 
of weight disorder. This “night-eating syn- 
drome" was particularly prominent during 
periods of weight gain and life stress. An effective 
reducing regimen was not possible in its 
presence, and it appeared to be intimately 
related to the pathogenesis of obesity. 


METHOD 


The subjects of this report were seen in a 
special study clinic of the New York Hospital 
where they had been sent from other depart- 
ments because of the severity of their obesity or 
difficulty in its management. The group thus 
includes a high proportion of emotionally 
disturbed individuals, but whether this propor- 
tion is higher than in any group of comparably 
severe obese patients is conjectural. 

The report includes all obese patients referred 
to the clinic who were seen at least four times. 
‘It should be noted that only two patients failed 
to keep at least four appointments, so that the 
series comprises 93 per cent of the patients 
initially referred, including the only two men. 


The reason for the great preponderance of 
women is not clear. 

The median age of the patients was thirty-five 
years (range eighteen to fifty-six). Percentage of 
overweight was determined from the tables of 
the Medico-Actuarial Mortality Investigation of 
1912* which used clothed subjects in shoes. 
Following Keys,’ the current study used these 
standards for lightly clothed, barefoot individu- 
als without correction for either height of shoes 
or weight of clothes. The resulting average 
value of 68 per cent overweight (range 22 to 
137) is thus lower than would be calculated from 
standards of “ideal”? weight. 

The study of each patient included a detailed 
history and physical examination, together with: 
routine laboratory tests and any indicated. 
special procedures.. Most of the patients were 
seen for an hour every week or two over a period 
of six months. Three had only four interviews, 
and two (H. G. and M. B.) had more than 100. 
Medication was prescribed when indicated but 
the focus of the treatment was supportive psycho- 
therapy combined with environmental manipu- 
lation. In a few of the patients more intensive 
psychotherapy was attempted. (Table 1.) 

Data about the patient’s diets were obtained 
from three sources: the patient’s record of food 
intake, the routine dietary history in the nutri- 
tion clinic, and a careful study of eating habits 
during the treatment period. The intake was 
often recorded as much as 400 calories per day 
higher by the second method, and 800 calories 
higher by the third. Such an increase in the 
caloric intake reported by obese patients when 
subjected to more detailed inquiry agrees well 
with published reports? and attests to the 
accuracy of the information obtained during 
the treatment periods. Reducing diets were 
prescribed only on the patient's request and the 
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physician attempted to place the patient under 
no obligation to adhere to the diet. These were 
usually standard diets of 1,200 calories, con- 
taining 70 gm. of protein, 45 gm. of fat and 
130 gm. of carbohydrate. 
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amounts of food during the evening and night 
and no one was considered to manifest the 
syndrome unless he ate at least a quarter of his 
total calories for the day during the period fol- 
lowing the evening meal. Thus a significant part 


TABLE I 
Weight Over ons Weight Previous 
No.| Patient* | Age | Height "e weight Sund p P ii Loss in Maximal Complications 
(Ib.) (95) PRC PONS ALO Clinic Weight Loss 
1| D.M. 23-155" Or" 275 137 |2 sometimes alco- 0 70 lb.1 0 
i kol instead of - 
f5od) 
2| H.G. 44 | 4’ 1015" 290 130 3 0 80,.150 lb. (in | See case report 
hospital) f 
3) LM 30 1572" 260 110 12 {no insomnia) 0 50 |b. “Neurasthenia” 
4| M.B. 18 | 5'0" 230 105 30 Ib. 0 0 
5] BS. 30 | 5' 6446" 280 100 3 30 Ib. (in | 30 Ib. 0 
hospital) 
6] M.L. 25. 5m5“ 255 95 3 0 60 Ib. f “Neurasthenia” 
7| S.B. 36 | 5' 71$" 283 90 0 45 lb. T. 150, 45 Ib. T 0 
8 | E. W. 48 | 5' 51$" 290 86 0 45]b.T | 80 lb. fF 0 
9| E.M. 36 | 5 21$" 238 84 3 0 50 lb. t Psychotic depres- 
sion 
10] ALR. 28 | 5° 4” 235 81 | 2 (no insomnia) 10 Ib. 50 Ib. Severe anxiety 
1| E. H. 35 Bg 235 81 0 0 0 0 
12]| L.S. 27 | 5' 21$" 220 77 3 12 Ib. 18 ]b. “Neurasthenia” 
previously, 
asthma and 
bleeding ulcer 
, in clinic 
13 | A.F. 56 | 5' 316” 245 71 0 105 Ib.1 0 0 
14 | S.V. 31 | 5' 1$" 198 62 3 0 0 0 
15 | M.A. 42 | 5'1" 200 54 3 0 0 0 
16 | O. A. 38 | 5 11” 262 5i 3 20 Ib. 45 Ib. f 0 
17 | S$ M. 51 | 5/236” 204 46 3 0 0 0 
18 | L.C. 30 | 4' 916” 166 43 0 50ib.t | 75, 45 Ib.f 0 
19 | M.C. 49 | 5/0” 183 39 3 40 Ib. t 0 Psychotic 
depression 
20 | 38. G. 34 3^9" 176 35 3 0 70, 45 lb. f Depression (2 X) 
2Iq Id 59 1:9 1^ 180 33 3 0 0 0 
22.| M.P. 20 5 5^ 175 22 3 20 Ib. t 0 0 
23 | R.G. 18 152” 148 26 3 0 0 0 
24 | SSS. 43 | 5' 21$" 166 22 | 2 (sometimes alco- 0 28 Ib. f “Neurasthenia” 
hol instead of 
; food) 
25 | B..S 54 | 5% 5” 180 22 3 0 14 Ib. 0 





* All patients were women with the exception of No. 8 and No. 16. 


t At least one-third of excess weight. 


RESULTS 


Definition of Syndrome. An effort was made to 
establish gross criteria for the three ma or 
findings which comprise the night-eating svn- 
drome and which might serve to distinguisk it 
from other patterns of eating. First, and of great- 
est importance, is the consumption of large 
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~of the total caloric intake, and a major part of 
the excess intake, occurs during a time when 
the food intake of non-obese people is negligible. 
The second criterion is sleeplessness, at least 
until midnight more than half of the time, and 
the third. is morning anorexia with negligible 
food intake at breakfast. In no case did this 
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include more than a cup of coffee and a sn:all 
glass of orange juice. 

Specificity of Syndrome. The eating pattern of 
the obese group was compared with that of 
thirty-eight subjects who had no past history of 
weight disorder. This latter group was composed 
of graduate and student nurses routinely exam- 
ined in the personnel health clinic of the medical 
center. All of the subjects were women and the 
median of their ages was twenty-four years, 
ranging from twenty-one to forty. The majority 
were residents in the nurses’ home where they 
: were able to obtain meals when they were off 
duty. In addition, permission to keep food in 
their rooms and a refrigerator on each floor 
allowed food intake to be largely independent of 
the regular cafeteria hours. Further evidence 
that the findings in the control group were not 
due to inaccessibility of food is provided by the 
rather high incidence of obesity in the nurses’ 
home. 

Of the thirty-eight control subjects, not one 
reported the night-eating syndrome. In con- 
sidering the components of the syndrome, most 
of the group gave a history of food intake follow- 
ing the evening meal, commonly a sandwich and 
glass of milk before going to bed, but in no case 
did this approach 25 per cent of the daily food 
intake. One of the group reported insomnia. 
Nine reported that they had little or no appetite 
for breakfast but three of these said that they ate 
a substantial breakfast anyway. — . 

Incidence of Syndrome. The night-eating syn- 
drome in its entirety was reported by sixteen of 
twenty-five patients, and it was present with 
minor variations in another four patients. Of 
these latter four, two patients often consumed 
alcohol instead of food during the evening while 
two others did not report insomnia despite a 
large caloric intake following the evening meal. 

Although these twenty patients reported that 
the night-eating syndrome occurred much of the 
time, it was not invariably present. Accordingly, 
an attempt was made to determine in what 
circumstances it, was most likely to occur. Most of 
the patients agreed that they ate at night during 
two closely related situations— periods of weight 
gain and periods of life stress. 

All twenty of the patients who reported night 
eating said that it was the major pattern during 
periods of weight gain. Two of the remaining 
five patients (S. B. and L. C.) said that during 
their periods of weight gain they ate increased 
amounts at mealtimes, one (F. W.) drank large 


amounts of alcohol without restricting food 
intake, one (A. F.) ate indiscriminately through- 
out the day and one (E. H.) maintained her 
usual food intake while at bedrest for treatment 
of pulmonary tuberculosis. Eighteen of the 
twenty patients exhibiting the night-eating 
syndrome said that it was most conspicuous 
during periods of life stress. Both of the patients 
(B. S. and L. M.) who did not make this cor- 
relation were denying obvious emotional dis- 
turbances while acknowledging presence of the 
syndrome. 

Night-eating Syndrome and Prognosis. Presence 
of the night-eating syndrome influenced (1) 
results of weight reduction programs and (2) 
the incidence of untoward reactions to such 
programs. 

1. Results of weight reduction programs: Loss of 
one-third of patient's excess weight was selected 
as indicating modest success of a weight reduc- 
tion program. By these standards only six of 
the twenty-five patients reduced successfully. | 
Such results are poorer than those in other 
series,?-!? a circumstance perhaps arising from 
the selection of a large number of patients who 
had already proved difficult to manage. The high 
incidence of the night-eating syndrome in this 
group may reflect this same selection, for there 
is a striking correlation between presence of the 
syndrome and failure of dietary regimens. Thus 
of the twenty patients reporting the syndrome, 
only two were able to lose more than one-third 
of their initial excess weight. In one of these 
(M. C.) the weight loss occurred in the course 
of a psychotic depressive reaction; in the other 
(M. P.) it totaled only twenty pounds in a 
woman who was initially one of the least over- 
weight. In contrast, of the five patients who did 
not report the pattern, four (M. B., E. S., A. R. 
and O. A.) lost an average of sixty-one pounds, 
or 67 per cent of their excess weight. 

Five patients manifesting the night-eating 
syndrome lost from ten to thirty pounds without 
being.able to maintain a reducing regimen. 
Their experience throws light on the signifi- 
cance of night eating as an index of refractoriness 
to weight reduction programs. Thus it was dur-. 
ing temporary remissions in the syndrome that 
this weight loss occurred in four of these five 
patients. l , 

The patients! past histories of attempts at 
weight reduction were similar to the findings 
during treatment in the clinic. Of the twenty 
patients exhibiting the syndrome, only eleven 
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had ever succeeded in losing more than one- 
third of their excess weight. On the other hand 
of the five patients not reporting the syndrome 
four had carried out successful weight reductior 
programs in the past. 

2. Untoward reactions to weight reduction programs: 
Untoward reactions to weight reduction in 
obese patients have recently been given promi- 
nence, largely through the publications cf 
Bruch.!*!5 The prevalence of such responses 5 
emphasized by the experience of the patients 
in the present series, who suffered a total of ten 
severe complications during previous anc cur- 
rent efforts at weight reduction. 

Considering first the results of treatment af 
night-eating patients in this clinic, one (M. C. , 
as already noted, suffered a psychotic depressive 
reaction two months after she began to die-. 
Another (L. S.), who had lost 12 pounds in tke 
first month of a reducing regimen, was forced 
to stop dieting by the onset of severe bronchial 
asthma and bleeding peptic ulcer. There were 
no untoward reactions among the five patients 
not showing the syndrome. 

Dramatic evidence of the influence of the 
night-eating syndrome on the incidence bf 
untoward reactions to dieting is obtained from 
the history of the patients’ past experience wizh 
reducing regimens. As has been noted, only 
eleven of twenty patients with the night-eating 
syndrome had previously been able to lose 
more than one-third of their excess weight. _n 
eight of these eleven instances this weight less 
was accompanied by disabling emotional illness. 
Four of the patients presented a remarkakly 
similar picture of neurasthenic type character- 
ized by feelings of futility, depression of mood 
and inordinate fatigue leading to confinement 
in bed for as long as four months. Three patients 
stopped weight-reducing regimens because of 
depressive reactions, and one following the 
onset of severe anxiety. Therefore, of eleven 
patients with a past history of significant weight 
loss, only three achieved this without disabling 
complications. One of these three patients 
(H. G.), reported subsequently, experienced 
severe anxiety in the course of a reducmg 
regimen but factors other than diet seemed 
primarily responsible. 

In contrast to this startling incidence of 
disability during attempts at weight reduct.on 
among patients with the night-eating syndrome 
is the infrequency of such complications in :he 
group not showing the pattern. Although this 
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latter group contained only five patients, four 
had previously lost significant amounts of weight 
without complication. 


CASE REPORTS 


'The following two case reports illustrate vari- 
ous aspects of the night-eating syndrome. In the 
first, prolonged dietary restriction leading to a 
marked weight loss did not abolish the syndrome 
or prevent its intensification in a situation of life 
stress. 

Case 1. H. G. was a forty-three year old 
single woman clerical worker who was observed 
over a two-year period in another hospital to 
which she had been admitted for treatment of 
cardiac failure on the basis of hypertensive 
disease and massive obesity. 

The patient was the eldest of four children 
born to an orthodox Jewish family in a small 
midwestern city. Her father, a quiet, bookish 
man took little part in the family life; her mother, 
on the other hand, ‘ran everything." 

Childhood and adolescence were character- 
ized by vacillating and inconsistent parental 
care, and intense, unsuccessful rivalry with a 
younger brother. At the age of twenty-one the 
patient suffered severe lacerations in an auto- 
mobile accident, to which her mother reacted 
with great distress. Soon thereafter the mother 
developed incapacitating cardiac symptoms 
which she blamed on worry over the patient, 
and for -he next nine years she remained a 
semi-invalid. During this time she induced the 
patient to devote herself wholly to her care and 
to abandon her hopes for independence, a career 
and marriage. Some months after her mother's 
death the patient, then thirty-one, learned that 
the doctor had considered her mother's long- 
standing condition a neurosis, and her symptoms 
largely exhibitionistic and exploitative. The 
patient felt betrayed and bewildered, and left 
home to come to New York. 

During the ensuing seven years she gained 
weight from 200 to 400 pounds (height 4 feet 
10L$ inches) by overeating in a pronounced 
night-eating pattern. Thus she rarely ate before 
noon, and at supper began her large intake of 
sweet foods which continued until she went to 
bed late at night. During these hours she was 
assailed by loneliness and anxiety. To lessen 
the distress she kept someone with her as much as 
possible and, when she was alone, left the door 
and windows open, all the lights burning and 
played the radio loudly. She rarely fell asleep 
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before midnight and usually woke within an 
hour, anxious and hungry. At such times she 
would eat a pint of ice cream, drink a bottle of 
Pepsi Cola and, temporarily sated, fall asleep 
for another hour before the cycle was repeated. 
She awoke three or four times a night in this 
manner. 

By the age of thirty-five the patient’s obesity 
and hypertension had so disabled her that sae 
sought medical attention, and for a period 
of six years she received general medical and 
psychiatric care as an outpatient. Ultimately 
cardiac failure became so severe that hospitzl- 
ization was necessary. This only partially 
decreased the nocturnal anxiety and hunger bat 
rigid caloric restriction succeeded in effecting 
a loss of 150 pounds over a period of one year. 
At this time two traumatic events occurred: a 
physician to whom the patient had become much 
attached left the hospital, and the patient unde-- 
went an operation for umbilical hernia which 
was complicated by wound infection. Ske 
reacted with intense anxiety and petulant, 
infantile behavior. These were most marked zt 
night when she would spend as much as four 
hours tearfully pacing the corridors with inter- 
mittent futile attempts at reading and knitting. 
As a therapeutic trial, free access to food was 
permitted and the patient immediatelv returned 
to the night-eating pattern. This was associated 
with a weight gain of 50 pounds in the coursz 
of the next two months and no apparent im- 
provement in her emotional disorder. 


In the following patient remission and exacer- 
bation of the night-eating syndrome followed 
promptly upon changes in her life situation, 
and were associated with marked variation in the 
success of a dietary regimen. 

Case u. E. S. was a twenty-nine year olc 
housewife of Irish ancestry who was treated in a 
special study clinic of the New York Hospital 
over a period of one year. She came for treat- 
ment of her obesity as a result of urgent medical 
advice following recurrent severe attacks of 
thrombophlebitis. 

The patient was the eighth of ten living chil- 
dren of a mother who had had ten additional 
pregnancies. Her restrictive and arbitrary father 
worked as a truck driver but the income from his 
sporadic employment never permitted the family 
more than a marginal existence. The patient 
remembered her childhood as a time of hardship 
and deprivation, and of great bitterness toward 


a mother who, she felt, exploited her. At the age 
of eighteen she married the neighborhood alco- 
holic in an effort to escape this home environ- 
ment and soon found herself in an even more 
unpleasant situation. During the next eight 
years she gained 100 pounds, attaining a weight 
of 280 pounds (height 5 feet, 6 inches), which 
she maintained during the three years before 
admission to the clinic. 

The patient’s manner was pleasant and 
friendly during the treatment periods but she 
did not participate actively, and her com- 
munications had a curiously impersonal quality. 
She was usually late to appointments and at- 
tendance was irregular. 

Her pattern of food intake was characteristic 
of the night-eating syndrome. During periods of 
emotional turmoil, in which the patient was 
either gaining weight or trying unsuccessfully 
to lose it, she awoke in the morning completely 
anorexic and ate no breakfast and little lunch. 
Supper, which she ate in the early evening, 
was large, yet provided only transient satiety. 
During the rest of the evening, and often until 
early morning, she nibbled at various foods 
distinguished mainly by their sweetness. The 
patient was unclear about the specific incentive 
to eating at these times but suggested that it 
was due to the anxiety she felt at night. This 
was. Most severe when she was alone, and was 
often experienced as a fear of someone breaking 
into the house to harm her. None of the measures 
she took provided more than partial relief; these 
included, besides eating, having company in the 
house and, when she had to be alone, keeping the 
radio and lights on. The presence of her hus- 
band sometimes reassured her but often quarrels 
with him had precipitated her anxiety and at 
such times he served only to upset her further. 
Insomnia and eating continued until at least 
midnight, often until two or three in the morn- 
ing, and throughout the treatment period she 
rarely slept more than four hours. 

After the patient had been receiving treatment 
for seven months a recurrence of phlebitis de- 
veloped which made it necessary for her to enter 
the hospital. She greeted this development with 
relief and gladly laid down her domestic 
responsibilities. Within a day there was a 
striking change in the eating pattern. The morn- 
ing after admission the patient awoke with a 
desire to eat breakfast for the first time in 
months, went on to consume a small lunch and 
supper, and had no desire to eat during the 
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evening or night. This was more remarkable 
in that the pain in her legs kept her awake much 
of the night during the first week of hospital- 
ization. Thereafter she slept well and at no 
time complained of hunger. She adhered without 
difficulty to an 800 calorie diet and lost twenty- 
eight pounds in thirty-one days. 

This marked change in eating pattern was 
paralleled by a great decrease in free anxiety 
and, despite her pain, the patient seemed more 
at ease than at any time during the previous 
months as an outpatient. She attributed this 
change in both comfort and eating pattern 
partly to the experience of hospitalization and 
partly to the presence of a roommate. ‘Mrs. 
C. keeps me feeling good in the evenings by 
talking to me so I don’t feel like eating." 

The patient made every effort to remain in the 
hospital; and when she finally returned home, it 
was with greatest reluctance. Within twenty- 
four hours the night-eating syndrome recurred 
The morning after her arrival home she awoke 
anorexic, did not begin to eat until evening anc 
stayed up until 3:00 a.m. nibbling. Her hus- 
band, who had stopped drinking while she wa: 
in the hospital, began again soon after he- 
return, and relations between them which had 
improved during her hospitalization deteriorated 
rapidly. During the first month following her 
discharge the patient gained weight at a rate cf 
2 pounds a week. 


COMMENTS 


In recent years there has been a growing ap- 
preciation of the emotional disturbance in marry 
overweight people and even of the fact that 
their excess weight has been gained in relatively 


short periods of positive caloric balance. In 


point of fact, a large number of obese patients 
are losing weight much of the time and it is 
short periods of rapid weight gain which unco 
the results of weeks and months of dieting. If 
obesity be considered a scar of preceding periods 
of positive energy balance, it is just these periods 
which are of significance in its pathogenesis. Yet 
the conditions existing during these crucial 
times are largely obscure, as can be judged from 
the fact that the night-eating syndrome ce- 
scribed here has not been reported previous y. 
This is the more remarkable in that it is well 
known to the obese patients themselves, as well 
as to those relatives, nurses and dietitians who 
have much contact with them. 
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The major significance of the night-eating 
syndrome may lie in its relation to the life 
situation of the individual who manifests it. 
Although it is not present all of the time, even 
in the very obese, occurrence of the syndrome 
can be predicted during periods of weight gain 
and life stress, and these three variables are 
linked with remarkable consistency. What, then, 
is their interrelationship? 

The relation between the eating pattern and 
life stress appears clear. They regularly occur 
together, and although the obese patients may 
respond to stress in other ways as well, when the 
night-eating syndrome is found, it is in situa- 
tions of life stress. 

The relation of these two factors to the periods 
of weight zain is less immediately apparent. 
Although it is difficult to conceive of life stress as 
being a consequence of weight gain, night eat- 
ing could be. The experience of the two cases 
cited, however, argues against this. Thus the 
first patient (H. G.) manifested the night-eating 
syndrome at intervals over a year's time despite 
forcible restriction of food intake resulting in a 
weight loss of 150 pounds. In the second patient 
(E. S.) the syndrome disappeared within a day 
and reappeared as promptly following changes in 
her life situation, hardly long enough for changes 
in weight to have had an effect. It therefore 
seems justified to conclude that the night-eating 
syndrome is not a result of weight gain, over- 
eating or any metabolic consequence of these. 
The syndrome appears rather to represent a 
response to stress of a type peculiar to certain 
obese patients, and one intimately related to 
the overeating which leads to their obesity. 

Alterations in diurnal rhythms in response to 
stress are known to the clinician but they are 
not common. Two which have received some 
prominence are the sleep reversal following 
encephalitis and the “morning-evening varia- 
tion" of the depressive reaction. The night- 
eating syndrome appears distinct from these 
two. None of the patients in this series had a 
history compatible with encephalitis. And while 
their food intake ‘increases during the day, as 
that of depressed patients, their distress also 
increases, in contrast to the experience of pa- 
tients with depression. 

That the normal diurnal eating pattern may 
be important in the maintenance of caloric 
balance is suggested by an observation of 
Brooks.!9 This author has noted that destruction 
of the ventromedial nuclei of the hypothalamus 
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abolished the normal pattern of nocturnal eazing 
in the rat. During the subsequent perioc of 
weight gain in the so-called hypothalamic 
obese rat the normal pattern is replaced by 
chaotic eating throughout the twenty-four hours. 

Significance of Syndrome for Weight Reduction. 
It has long been recognized that there are many 
patients who cannot maintain a reducing diet 
long enough to make it worth either their 
effort or the -doctor’s time. However, it aas 
only recently been pointed out by Bruch that in 
addition to these patients who cannot lose 
weight there is a group of emotionally dis- 
turbed obese patients who should not even try. 
There is too great a danger that such efforts, “‘if 
rigidly enforced . . . may precipitate serious 
mental disturbance." 

There are unfortunately no criteria to select 
those patients who might undertake dieting 
with safety and reasonable hope of success. If 
the results of this study are confirmed in a 
series including a larger number of obese 
patients not manifesting the night-eating syn- 
drome, recognition of the syndrome could be of 
value in deciding whether to restrict food intake. 
The presence of the syndrome in an obese person 
indicates that it will be very difficult for him to 
lose weight, and that he may attempt it only at a 
risk far outweighing the benefits to be derived. 
However, the fact that the syndrome is not 
always present, even in those persons who mzy 
exhibit it much of the time, suggests that dietirg 
may not be permanently contraincicated for 
such individuals. On the contrary, the sensitivity 
with which it reflects the emotional state of tke 
patient might allow the syndrome to serve as an 
index of the success of psychotaerapeutic 
measures. Thus remissions could be taken és 
indication that weight reduction might rez- 
sonably be attempted. Finally, reducing diets 
can be prescribed with confidence for those pa- 
tients who have never manifested the syndrome. 

Dexedrine®. The most widely prescribed druz 
in the treatment of obesity is probably dexedrine, 
a circumstance dependent upon its well recog- 
nized action in depressing appetite. Reports of 
its value in actual practice have, however, 
varied widely.9!" Demonstration of a night- 
eating syndrome in many obese patients mav 
help to reconcile these conflicting findings as 
well as provide a better rationale for use of the 
drug in weight reduction programs. If the 
patient does a major part of his eating at night, ir 
conjunction with anxiety and insomnia, a drug 


which promotes sleeplessness is of doubtful value 
and its use during the period of morning 
anorexia is little more than a gesture. On the 
other hand, when the patient's overeating 
occurs during the daylight hours, the maximum 
appetite-depressing effect of dexedrine is ob- 
tained without the undesirable side effects. 

Estimation of Caloric Intake. A common and 
well recognized characteristic of obese patients 
is their tendency to underestimate their caloric 
intake. Although this can be explained easily 
enough on the basis of the shame involved in 
acknowledging how much they have eaten, 
recognition of a night-eating syndrome may 
throw further light on the problem. Beaudoin® 
has shown that underestimation of caloric intake 
by obese subjects is greatest in regard to food 
eaten during the latter part of the day. She 
adduced no reason for this finding but Bruch’s 
investigation of certain obese patients has 
revealed a marked repression of the knowledge of 
food eaten at night.!5 This is associated with early 
feeding problems, eating as defiance, and the 
later unconscious rationalization that ‘“‘food 
eaten after dark does not count." Some such 
selective inattention renders more understand- 
able reports of food intake in the 1,200 calorie 
range by patients who continue to gain weight. 
This is perhaps all they do eat during the day- 
light hours. 

Relation to Research Procedures. Presence of the 
eating pattern described here has certain im- 
plications for research in obesity. Thus in- 
vestigations made during the morning and early 
afternoon hours may give information about the 
patient which is quite different from that which 
would be found by investigation during the 
evening and night hours when he Is overeating. 

Tumor of the Pancreas. Since the concept of 
endogenous obesity has fallen into disrepute, the 
differential diagnosis of obesity has involved few 
considerations of structural disease. One notable 
exception has been the obesity associated with 
insulin-secreting tumor of the pancreas. In this 
condition hunger and maximum food intake 
classically follow periods of food deprivation, 
most notably during the morning hours either 
before breakfast, or in its absence. Recognition 
of the night-eating syndrome, with its morning 
anorexia, therefore, is helpful in excluding the 
possibility of organic hyperinsulinism. 

Etiology. ‘The etiology of the night-eating 
syndrome has not been determined. Furthermore, 
its characteristics do not reveal whether the 
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mechanisms involved in its pathogenesis are 
primarily physiologic or psychologic. Thus dis- 
ordered carbohydrate metabolism involving 
increased tolerance to glucose has been reported 
in certain cases of obesity.!?:?? If, as seems likely, 
utilization of carbohydrate is under the control 
of hormones which are in part regulated by the 
intake of carbohydrate, there must be a mecha- 
nism which inactivates or decreases the secretion 
of these hormones with a failing carbohydrate 
supply. Such a sequence would involve the 
formal properties of a servomechanism as 
described by Wiener," and in normal function 
would involve utilization of negative feedback 
to maintain the system in equilibrium. Dis- 
turbance in the feedback mechanism could lead 
to breakdown of the system in such a way that 
recurrent bouts of hypoglycemia would succeed 
each other in accelerating succession. Such 
changes might find expression in the periods 
of decreasing satiety noted during the evening. 
When sleep finally interrupted the intake of 
carbohydrate, the reactive hypoglycemia would 
cease, and the blood sugar would remain stable 
throughout the morning period characterized 
by anorexia. 

Another explanation of the night-eating 
syndrome is suggested by the observation that 
the evening anxiety and impulse to eat often 
can be interrupted by the most simple inter- 
personal means. Talking with the physician at 
midnight may be as useful as massive sedation in 
temporarily alleviating both the anxiety and 
the need to eat. The period of going to bed, the 
evening, is traditionally associated in children 
with the greatest anxiety, presumably due to the 
fear of separation from the parent and the threat 
of the breakthrough of anxiety-productive 
conflict, as in dreams and nightmares. The 
obese women, in this group at least, were for 
the most part remarkably immature characters 
who relied inordinately on praise and tokens of 
love for the control of anxiety and the regulation 
of self-esteem. It seems possible that, as in chil- 
dren, the breakthrough of anxiety during the 
evening may result from this same interruption 
of their source of affection and approval. It is 
unlikely that the night-eating pattern is more 
directly related to a childhood one, as none of 
the patients could definitely remember such an 
eating pattern in childhood, nor had this period 
been characterized by a greater incidence of 
night terrors or bedtime conflict than would be 
expected in any comparable group. 
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SUMMARY AND CONCLUSIONS 


1. A distinctive eating pattern of obese pa- 
tients is described. This “night-eating syn- 
drome” is characterized by nocturnal hyper- 
phagia, insomnia and morning anorexia. 

2. The syndrome was present in twenty of 
twenty-five cbese patients treated in a special 
study clinic and in none of thirty-eight non-obese 
subjects. 3 

3. Patients manifesting the syndrome had 
great difficulty losing weight and experienced a 
high incidence of complications in their attempts. 

4. It is suggested that the syndrome repre- 
sents a response to stress of a type peculiar 
to certain obese patients, and that it is inti- 
mately related to the pathogenesis of their 
obesity. 

Addendum: A description of morning anorexia 
and evening hyperphagia in obese patients 
recently appeared in a paper entitled 
“Treatment of Obesity with a Low Protein, 
Calorically Unrestricted Diet," by V. P. Dole, 
I. L. Schwartz, J. H. Thaysen, N. A. Thorn and 
L. Silver, Am. J. Clinical Nutrition, 2: 381, 1953. 
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RINARY calculi are composed of an 
| | organic matrix and a crystalline body. 
This matrix may be an inert inclusion 
present by chance association with the growing 
stone, or may possibly serve in a purely physical 
role as an adhesive binder to hold the crystals in 
an organized structure.!?? That it may utilize 
chemical bonds to play a more active role in the 
formation and growth of calculi is suggested by 
the recent invesügations of Howard!* and 
Engel.!0.1 
No scientific approach to the prevention of 
urinary calculi seems possible until this question 
of the chemical activity or inertness of the or- 
ganic matrix has been answered. It is the purpose 
of this report to correlate some of the bio- 


chemical and physicochemical properties of the - 


matrix with those of the crystalline components 
of urinary calculi. 


CRYSTALLINE COMPONENTS OF CALCULI 


Table x summarizes the findings in 500 con- 
secutive analyses of urinary calculi at the Bow- 
man Gray School of Medicine. Stones which 
contain as much as 95 per cent by weight of a 
single crystalline structure are listed as “pure.” 
The limitations of the qualitative chemical 
methods for analysis of stones have been clearly 
demonstrated by Prien and Frondel?' The 
crystallographic studies of these authors have 
added much to our knowledge of the crystalline 
components of urinary calculi but the internal 
structure and mechanisms of growth of the 
crystal lattice require further study. Many 
crystalline structures have empirical formulas 
which do not exist as molecular units in any 
other state. A single atom or ion is sometimes 


included in the formation of a crystal for no 
apparent reason other than to complete the 
particular crystal lattice. The mechanisms by 





TABLE I 
CHEMICAL COMPOSITION OF 500 RENAL AND URETERAL 
CALCULI 
Primary Constituents Fer cent 
Total 
Pure—959$ by weight: 
Calcium phosphate. ....... UPC 36.6 
Calcium oxaldté:. iso REa Es 11.2 
INC ablegen ark chin ieee eds d 3.4 
B oh oso stre DH TAS EQUES DE 0.4 
Mixed: 
Calcium pkosphate and oxalate......... 44.2 
Uric acid with phosphate and/or oxalate. 4.2 
100.0 


Secondary Constituents (not included above): Mag- 
nesium ammonium phosphate present in 12 per cent; 
traces of uric acid present in 8 per cent; only 6 per cent of 
calcium phosphate stones were free of other constituents. 


which either adsorbed ions or units of structure 
are exchanged between the surface of crystals 
and the surrounding solution remain a con- 
troversial subject.!* The bonds which maintain 
these units of the crystal lattice in their spatial 
relationships are so arranged that almost any 
large crystal, such as sodium chloride?!" or 
hydroxyapatite,?? is in reality a single molecule. 

The general rules relative to crystal formation 
and growth? have a limited applicability to the 
study of vrinary concretions. Crystallization 
may be facilitated by nuclei which present sur- 


* From the Department of Urology, Division of | Surgery, Bowman Gray School of Medicine of Wake Forest 
College, Winston-Salem, N. C. This investigation was supported by a research grant from the National Institute of 
Arthritis and Metabolic Diseases, of the National Institutes of Health, Public Health Service. 
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faces favorable to deposition of the solid phase. 
The component ions and atoms of a given 
crystalline substance tend to “fit? into the 
lattice structure on the surface of like crystals. 
Thus crystalline uric acid nuclei tend to grow by 
the addition of uric acid crystals. A basic unit of 
hydroxyapatite crystal?? grows by additions of 
the exact quantities of calcium, phosphate and 
hydroxyl ions necessary to duplicate its crystal 
lattice. There is a preferential formation of 
large concretions, since a’ small mass is at- 
tracted to larger masses having relatively less 
surface area and consequently less total surfzce 
energy. 

The fact that certain materials are available 
for crystallization in biologic solutions does rot 
necessarily mean that they are insoluble, herce 
availability and solubility are not synonymous in 
this respect. However, both the availability for 
crystallization and the solubility of a given ion, 
atom or compound are influenced by a variety 
of forces. These include the hydrogen ion ccn- 
centration, the buffer systems, the total ionic 
concentration, the relative electrical charges, 
the zeta potential, the adsorption cf relatively 
insoluble units by. highly soluble molecules and 
the formation of soluble and insoluble co- 
ordination or chelate compounds. For example, 
calcium in a solution of orthophosphates Las 
entirely different properties from those which it 
possesses in a solution of condensed phosphatzs. 
It should be borne in mind, however, that the 
rules of physical chemistry are devised uncer 
carefully defined laboratory conditions, and tkat 
the application of one or two of these rules “‘cut 
of context" to complicated biologic systems 
is usually impossible. 

Solute Phase of Crystalline Components of Calculi. 
Urine is a buffered, ionic and molecular 
solution. It contains organic suspensoids of 
molecular weights up to seven million,?* and 
inorganic units as small as the hydrogen icn. 
There is no rationale for comparing the solubility 
of these materials in water to their solubility in 
urine. Only confusion can result from such state- 
ments as “The urine is normally twenty times 
saturated with respect to calcium oxalate."'!$ 
Urine is not normally supersaturated with 
respect to calcium ions, since a neutral salt of 
calcium can be titrated into a twenty-four-hour 
specimen of urine to double the average content 
of calcium without precipitation.? This same 
observation applies also to the oxalic acid 
radical. 


Hypercalcinuria is not essential to the devel- 
opment of calculi.‘ The majority of our patients 
with renal calculi, but without evidence of such 
associated syndromes as multiple myeloma, . 
hyperparathyroidism or renal disease, do not 
have an increase in the twenty-four-hour excre- 
tion of urinary calcium. Neither do the majority 
of patients with acidosis,! multiple myeloma, 
hyperparathyroidism!? or thyrotoxicosis? have 
urinary calculi, even though increased excretion 
of urinary calcium is a consistent finding in these 
and other disease states.! Although the incidence 
of urinary calculi is much greater in such pa- 
tients than in the population as a whole, it is 
apparent that hypercalcinuria per se is not the 
sole etiologic factor. 

An increase in the quantity of soluble macro- 
molecules or “protective colloids” in the urine 
cannot explain the absence of calculus forma- 
tion in the majority of patients with hyper- 
calcinuria. Removal of these colloids by ultra- 
filtration does not significantly influence the 
precipitation of the urinary salcs.? Furthermore, 
the total quantity of colloids present in the 
urine of patients with calculous disease is much 
greater than in normal urine.* Some of these 
biocolloids are present in urine as a result of 
glomerular filtration while others are products 
of epithelial secretion. In general, the former are 
the proteins present in serum, and they carry 
into the urine with them their normal comple- 
ment of bound calcium. Since the urinary pH is 
usually much lower than that of the plasma, 
these proteins will bind even less calcium in urine 
than in plasma. The urinary colloids derived 
from the epithelial secretions are largely com- 
posed of *uromucoid,"* which has a molecular 
weight of seven million.?* The quantity of this 
component is much increased in the urine of all 
patients with calculous disease, and it is com- 
pletely insoluble in urine of average concentra- 
tion. There is thus no basis for the assumption 
that, because some colloidal solutions increase 
the solubility of calcium, the colloids of urine 
act in a similar manner. 

Neither is there available any evidence that 
simple crystalluria has an etiologic relationship 
to the formation of concretions.* Crystalluria 
is a frequent clinical observation and may occur 
daily in the same individual for many months 
without the formation of a calculus. 

On the basis of our present knowledge we 
cannot conclude that the formation of an 
organized calculus is solely, or even primarily, 
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the result of factors which influence the solubility 
products of the crystalline substances involved. 


ORGANIC MATRIX OF CALCULI 


Attempts to Recover the Matrix from Formed 
Calculi. We have been unable to determine 
accurately the quantity of organic material 
which may be considered to form the matrix of 
calculi. The usual methods for the dissolution of 
stones with strong mineral acids destroy the 
matrix and alter that which is recovered to form 
a gum-like mass of unidentifiable material. The 
partial dissolution of uric acid calculi in alkaline 
media has resulted in the leaching out of an 
organic matrix which contains all of the red- 
brown pigment characteristic of these stones. 
The undissolved residue is a soft, putty-like 
mass of white uric acid. The various colors 
observed in urinary calculi are an inseparable 
part of the organic matrix. All crystalline struc- 
tures yet identified in urinary calculi*! are 
normally white. 

The most satisfactory method for demonstrat- 
ing the presence of the organic matrix has 
been the slow chelation of the calcium ions with 
ethylene-diaminetetraacetic acid. Some of the 
organic material so obtained has shown meta- 
chromatic staining with aqueous toluidine 
blue.'^ The fact that the organic material 
recovered from various large calculi gives a 
positive Million test, a positive biuret test, a 
positive periodic acid test (Hotchkiss-McMannus 
stain) and a positive Molisch test indicates the 
presence of both protein and carbohydrate. In 
general, the stones composed primarily of the 
large, plane-surfaced crystals of calcium oxalate 
dihydrate have shown the least amount of 
matrix. The stones composed of mixtures of 
hydroxyapatite and calcium oxalate mono- 
hydrate have shown the greatest quantities of 
matrix. 

None of these methods so far employed has 
resulted in recovery of a material suitable for 
complete analysis. Perhaps the recovery of the 
active mucoprotein matrix from formed calculi 
is no more feasible than the recovery of the 
clam’s mantle from the nacreous lining of its 
dead shell. 

Recovery of Materials from Urine Which May 
Form the Matrix of Calculi. A more practical 
approach may be directly toward a search for a 
*calcifiable matrix" in the urine of patients who 
are forming calcigerous urinary stones. A 
previously described technic* was used to recover 
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all the non-diffusible components in twenty-four- 
hour specimens of urine from three normal 
subjects and from five patients with urinary 
calculi. Each residue was placed in a cellophane 
bag and dialyzed against distilled water until it 
was free of diffusible salts. These bags were 
then suspended in a sterile twenty-four-hour 
specimen of normal urine, which was stored at 
1°c. to prevent bacterial growth. The sterile 
urine was replaced every seventy-two hours by a 
fresh specimen from the same normal subject. 
Layers of a firm crystalline material were 
observed to develop within the colloidal gel 
recovered from three of the patients with 
calculous disease, and smaller crystalline de- 
posits were found in the samples from the other 
two patients with calculous disease. Analysis of 
these crystals revealed them to contain calcium 
and phosphate. No crystalline material could be 
distinguished by gross, microscopic or chemical 
analysis of the colloidal residues from the normal 
subjects. Figure 1 is a comparison of the crystal- 
line residues from two patients with calculous 
disease and the uncrystallized residue from one 
normal subject. The greatest quantity of 
crystallization occurred in the colloidal residue 
from a patient who was subsequently demon- 
strated to have a functioning adenoma of the 
parathyroid gland. (Fig. 1A.) 

Electrophoretic studies of the urinary proteins 
were made, and the urine of patients with 
calculous disease was found to contain a muco- 
protein with electrophoretic mobilities different 
from that of any component of normal urine.* 
When this mucoprotein was suspended in calci- 
fying solutions, there was precipitation of a 
calcium-mucoprotein chelate and the subse- 
quent formation of a calcium phosphate 
precipitate.? 

The aforementioned studies taken together 
were considered to be at least suggestive evidence 
that the urine of patients with calcigerous stones 
contains a “calcifiable matrix." No such ma- 
terial has been demonstrated in normal urine. 

The urine of both normal subjects and pa- 
tients with calculous disease was found to con- 
tain a mucoprotein of molecular weight 7 X 10°. 
It is considered to be the principal product of the 
secretory activity of the urinary epithelium 
and has been referred to as uromucoid.? ‘This 
material was independently isolated as the 
virus-inhibitory mucoprotein of urine by Gotts- 
chalk!? of Australia, Odin'® of Upsalla, and 
Tamm and Horsfall? of New York. It has a 
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Fis. 1. Crystals containing calcium and phosphate which developed within the “calcifiable matrix” of colloidal 
material recovered from the urine of patients with growing calcigerous stones of the renal pelves. A, colloidal residue 
from twenty-four hour urinary output of a patient subsequently proven to have primary hyperparathyroidism. B, 
twenty-four hour colloidal residuc from urine of patient with single renal calculus. C, twenty-four hour colloidal 
residue from normal control subject; no crystalline material developed in the control preparations. These colloidal 
residues were dialyzed free of salts and then suspended in cellophane bags in the same twenty-four hour urine speci- 
men from a normal subject, Sterile urine was replaced at seventy-two hour intervals by twenty-four hour specimens 


from the same normal subject. 





.. Organo-metal chelate’ A 
Crystalline components’ 


Active mucoprotein. layer 





Fic. 2. Structure of a representative calculus removed from the renal pelvis. The center is hydroxyapatite; successive 
layers are mixtures of crystals of hydroxyapatite and calcium oxalate dihydrate. Dissecting binoculars were utilized 
for the detailed study. 
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total carbohydrate content of 25.9 per cent, 
composed of hexoses (galactose and mannose) 
8.3 per cent, hexosamine 7.7 per cent, fucose 
1.0 per cent and ‘“‘sialic acid" 9.8 per cent. This 
material is quite insoluble in normal urine and 
in buffer solutions throughout the pH range of 


OI 

This material was found to be soluble in buffer 
solutions of pH 12.3, which disrupted the mole- 
cule into smaller units with a molecular weight in 
the range of 3,710 to 4,250. These units were 
sufficiently similar in molecular weight and net 
negative charge to give electrophoretically homo- 


URINE MUCOPROTE!N 
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Fic. 3. Chemical composition of the various layers of the zalculus illustrated in Figure 2. The basic units of the car- 
bohydrate moiety of the urinary mucoprotein, uromucoid, are represented as the mucoprotein layer. No implications 
as to the quantitative relationships, structural bonds, optical isomerism or terminal groupings of these sugars are 
intended. There is evidence that uromucoid contains at least two carbohydrate moieties composed of slightly different 
combinations of these basic units. ‘The calculus is represer.ted as a basic unit of hydroxyapatite,?? the most common 
crystalline component of calculi. 


normal urine. When suspended in calcifying 
solutions, it did not produce any appreci- 
able chelation of calcium as determined by 
conductometry. 
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geneous patterns throughout the pH range of 4.5 . 
to 12.0. Analysis of this material revealed a carbo- 
hydrate content of 21.5 per cent, composed of 
hexose 8.3 per cent, hexosamine 2.3 per cent, 
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fucose 2.1 per cent and “‘sialic acid” 8.8 per cent.* 
This soluble form of “uromucoid” was found to 
bind calcium to form a relatively insoluble 
calcium-mucoprotein complex. Conductometric 
and electrophoretic studies indicated this to be 


an insoluble mucoprotein chelate of calcium. 
' | 
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matrix. The exterior is covered with a glisten- 
ing layer of mucoprotein, varying in thickness 
from a few hundred microns to several milli- 
meters. Figure 3 is a schematic drawing of the 
general chemical composition of each. of these 
layers. 
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— — JM — — 9 — lo a—— — 


2 
III Quadridentate 


Fic. 4. Calcium chelates of ethylenediamine tetraacetic acid after Martell and Calvin." m illustrates structural ar- 
rangement in which calcium with a coordination number of six may unite with a quadridentate chelate compound 
and still retain a bond relationship with hydroxyl or phosphate ions. Such a structure may be representative of an 
organic template which facilitates the crystallization of hydroxyapatite by the spatial arrangement of calcium, hydroxyl 


and phosphate ions. 


The possibility thus exists that the “‘calcifiable 
matrix" present in the urine of patients with 
calculous disease is a modified or “activated” 
form of the uromucoid present in all urine. — 


INITIATION AND GROWTH OF URINARY CALCULI 


Figure 2 is an illustration of the most usual 
type of renal calculus encountered in our series. 
The center is composed of calcium phosphate 
(hydroxyapatite) and the succeeding layers are a 
mixture of separate apatite and calcium oxalate 
crystals, with intermingled layers of organic 


The carbohydrate fraction of the urinary 
mucoprotein contains substances which may 
form chelate compounds with calcium.!? These 
include the hydroxy acids of galactose, mannose 
and fucose, glucosaminic acid and the proline 
structure, 2-carboxy pyrrole. Only the empirical 
formula of “sialic acid" has been determined"? 
but inspection of this suggests that it probably 
represents a structure capable of chelate ring 
formation. (Figs. 3 and 4.) These carbohydrate ` 
units are selected from the analysis of “uro- 
mucoid;"9122? however, with the exception of 
2-carboxy pyrrole, all of these components are 
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basic units of the carbohydrate moieties of serum 
mucoproteins.?5 For our present illustration it is 
thus irrelevant whether we ascribe these units to 
uromucoid or to a mucoprotein derived from the 
serum. 

In any consideration of the solubility or ion 
exchange reactions of calcium and other metals, 
the chelate compounds are of peculiar impor- 
tance. A metal chelate compound is a single 
molecule containing two or more electron donor 
groups which bind the metal ion to form an 
undissociated ring compound in which the metal 
is an integral unit. The divalent calcium ion has 
a coordination number of at least four and 
probably six. (Fig. 4.) A single quadridentate 
chelate molecule can thus tie up a calcium ion in 
three individual rings through four of these 
coordinate covalent bonds; or, conversely, a 
single calcium ion can tie up two molecules of a 
tridentate chelate compound, forming four 
rings through six bonds. Oxalic acid is an exam- 
ple of a simple bidentate chelate compound. 

The physical and chemical properties of 
metal chelates are quite different from those of 
the metal salts, metal complexes or organo- 
metallic compounds. Calcium firmly caught in 
the grip of these chelate rings is no longer active 
in the same sense as ionized calcium in a similar 
solution. This fact is evidenced by alterations in 
electrical conductivity and electrophoretic prop- 
erties, in solubility and in the production 
of color reactions, as well as a great many other 
properties. !? 

Although the metal ion is firmly trapped in the 
chelate ring system, it may be separated with 
extreme rapidity under certain conditions. Each 
organo-metal chelate has a definite stability 
constant, and a given metal can be readily 
displaced from the chelate structure by other 
metals higher in the series. The presence of 
competitive chelate structures, the hydrogen ion 
concentration, and a variety of diverse factors 
influence this separation of the metal from its 
chelate.!? These properties have made the metal 
chelate compounds most valuable for removing 
lead from the human body,?? providing soluble 
minerals for plant nutrition and separating 
complex mixtures of metal ions. 

Most of the metal chelate compounds studied 
to date have their greatest usefulness in the 
formation of highly soluble metal chelates. The 
mucoproteins of urine are characterized by 
having the chelate rings firmly attached ‘to a 
protein moiety, and the calcium chelates thus 
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formed tend to be highly insoluble macro- 
molecules.’ The significance of this property in 
the formation’ of urinary concretions is im- 
mediately apparent. An active chelate com- 
pound of .this type can form an insoluble 
calcium-mucoprotein molecule by chelating 
calcium from urine which contains even minimal 
quantities of calcium. If this complex remains 
adherent to the walls of the urinary tract, a very 
high local concentration of calcium may be built 
up in normal urine. Thus a colloidal micelle!? 
of extremely high calcium content may develop. 

Under the influence of shifts in hydrogen ion 
concentration, the presence of oxalic acid, 
orthophosphates or particularly condensed phos- 
phates, or other changes in environment," 
the chelate rings may be induced to release 
calcium, with the resultant local formation of 
crystalline czlcium compounds. In the initial 
stages these crystals may form adjacent to the 
mucoprotein or within its mesbes; but as the 
process repeats itself many times, the successive 
layers of crystal units will tend to form on the 
surface of the pre-existing crystal. T'he structure 
may thus become a calculus, with the layers 
oriented as shown in Figure 2. 

As successive layers of crystalline material are : 
laid down upon the surface of the calculus, 
variable quantities of the mucoprotein layer may 
be left entrapped to form the “matrix.” How- 
ever, the point of growth of the stone is at the 
surface of the crystalline layer and immediately 
beneath the surface of the mucoprotein cover. 
Thus the growth of calculi may be likened 
mechanicallv to the growth of the oyster's shell 
as the mantle lays down successive layers of 
nacre. 


COMMENT 


It is apparent that the mucoprotein responsi- 
ble for this transfer of ions from urine to crystal- 
line solid must be different from any found in 
normal urine, and we have used the term 
“activated mucoprotein" to denote this differ- 
ence. We have been unable to demonstrate any 
such activity in any of the proteins found in 
normal urine.* If “uromucoid” is the responsible 
mucoprotein, its structure must be modified in 
some manner to free the carboxyl and amino 
groups which are probably responsible for 
calcium chelate formation. It seems unlikely 
that hydrogen bonds alone could tie up these 
groups to the exclusion of calcium, since the 
stability constants of most such structures are 


94. Metal Chelate Compounds of Urinary Calculi— Boyce et al. 


considerably less for hydrogen than for calcium. 
It is more likely that some internal arrangement 
of the carbohydrate moiety prevents the chela- 
tion of calcium until the structure has been 
rearranged or disrupted. The observation that 
uromucoid is a much more active chelating 
agent for calcium after its molecule has been 
degraded and a portion of the hexosamine con- 
tent split away lends support to this latter 
concept. 

A coating of normal uromucoid might be 
expected to form a protective inert layer which 
could limit the growth of the crystalline com- 
ponents of calculi. Such a layer of inactive 
normal uromucoid may account for the molding 
of branched calculi to conform to the outlines of 
the epithelium-lined renal pelvis and calyces. 
The tendency for *staghorn" calculi to fill the 
renal pelvis rapidly and then remain quiescent 
may also result from this contact with the 
secretions from relatively normal epithelium. 

We have frequently observed clusters of the 
large plane-surfaced crystals of calcium oxalate 
dihydrate on the surfaces of calculi such as the 
one shown in Figure 2. These deposits may be the 
result of crystallization of this material on a 
'large surface without the intervention of a 
chelate mucoprotein step. However, at least 
half of the “pure” calcium oxalate stones listed 
in Table 1 have a discernible nucleus of calcium 
phosphate. It is probable that the remainder 
have a microscopic nidus of calcium-muco- 
protein chelate, with or without phosphatic 
crystals. The occurrence of magnesium am- 
monium phosphate crystals in calculi may repre- 
sent a similar type of “secondary deposit” 
or surface crystallization; however, chelate 
agents for calcium will also chelate magnesium if 
the local conditions are favorable and if all 
available calcium has been previously bound. 


SUMMARY 


Considerable evidence has accumulated which 
would indicate that the organic matrix of 
urinary calculi plays an active part in the local 
concentration and precipitation of calcium. 
This metal is the principal cationic unit in the 
crystalline structure of more than 90 per cent of 
all urinary concretions. It is suggested that 
the abnormal (activated) mucoproteins of 
urine? chelate calcium from solution to form 
relatively insoluble micelles’? of colloidal cal- 
cium-mucoprotein units. This is the initial step 
in calcigerous stone formation and is followed by 


crystallization within the meshes of the muco- 
protein micella. These same mucoproteins, 
forming a surface layer, may produce a local 
concentration of calcium on the surface of the 
growing concretion. They may even serve as an 
organic template to facilitate the spatial ar- 
rangement of calcium and hydroxyl ions!’ in the 
growth of the apatite lattice.?? 
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ground information in the area of mamn- 

malian carbohydrate metabolism. Simi. ar 
contributions from other sources are expected to 
appear subsequently in this Journal treating with 
endocrine regulation and clinical disturbances 
of sugar metabolism. It is our intent to supply the 
necessary information relating to the biochemi- 
cal reactions of the common sugars as these 
are currently understood. This will permit tne 
future development by other contributors to 
this series of such matters as the regulation of 
carbohydrate metabolism by endocrine mecha- 
nisms and the metabolic defects in the diseases 
of carbohydrate metabolism. 

The benefits which the mammalian cell 
derives from its nutrients may be divided into 
two classes. (1) All of the compounds necessary 
for its continued survival and the performance 
of its normal function must come to the cell 
from the nutrient directly or must be synthesized 
from precursors which are supplied in this 
nutrient. Included in this category is the need for 
continuous replacement within the architecture 
of the cell of those structural components which 
are being destroyed. (2) All of the energy re- 
quired for the continued survival and operation 
of the cell must be derived from the breakdown 
of energy-containing compounds of the nutrient. 

The present discussion of carbohydrate metak- 
olism will be oriented toward a consideration cf 
the compounds which the cell can form from ths 
sugars which are supplied to it and of the sources 
of the energy and the mechanisms of its release 


Te present paper is intended to give back- 


or storage in the course of carbohydrate 
catabolism. 

Photosynthesis and the Origins of Biochemical 
Energy. The prime mover with respect to the 
energy of biochemical reactions is the phenom- 
enon of photosynthesis. Ultimately, all the 
energy with which we are concerned is derived 
from that portion of the solar spectrum that is 
absorbed by chlorophyll. In green plants this 
dependence is fairly direct; in animals this 
dependence, though less immediate, is equally 
real. Photosynthesis may be defined as the reduc- 
tive fixation of carbon dioxide into organic 
molecules with the liberation of oxygen gas, 
brought about by the action of light: 


light 


H:O + CO;—o 1/n(CH;O). + Oot (7) 
(carbohydrate) 


This process has been bisected into two major 
steps, only the first of which is photodependent: 


light 


H:O + X—> HX + [O] + % Of (2 
(electron (active 
acceptor) oxygen) 


In this, the so-called “light” reaction, water is 
cleaved in the presence of an electron acceptor, 
X, to yield a reduction product, HeX, and 
oxygen. 

By means of this photo-energized reaction the 
energy of certain electrons is enormously en- 


* From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Public Health 
Service, United States Department of Health, Education and Welfare, Bethesda, Md. 
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hanced as they are delivered, in a single step, 
from the stable, low energy condition which 
they occupy in water to a high energy condition 
which they occupy in the reduced cofactor H2X. 
The fixation of CO» is a secondary process not, 
per se, photodependent. 

During the catabolic, exergonic phase, which 
occurs in green plants when the light is turned 
off and in mammalian cells at all times, the 
energy of electrons cascades downward, not in a 
single step which would be explosive and waste- 
ful but in many small discrete steps until the 
basal energy level of water is again achieved. 
The generation of COs, like its fixation, is a 
secondary process involving the decarboxylation 
of keto acids formed incidentally by the various 
oxidative processes. 


He 
C 


Z 


P 
HC CH—(CH3),—COOH 
HS S—OH 


Two molecules of this product then dismute to 
yield (nr): 

H» 

G 


7 


Z 
"e CH—(CH),—COOH 
HS SH 


which is H5X (equation 2), and a product (1v) 
which may be termed the active oxygen (equa- 
tion 2): 


/ N L(CH3,—COOH- 


HO—S S-—OH 


—H30 
Or 


H;O 
(CH3,—COOH —9 / N(CH) —COOH + [H,O] 


: 


S——S 
va 
O 


Recently, the probable nature of X in equa- 
tion 2 has been elucidated. It is lipoic acid, hav- 
ing the structure (1): 

He 
C 


aa 


Vt oe 
me oe (oH :—COOH 





S S 


The essential role of this compound in the oxida- 
tion of pyruvic acid and its entry into the Krebs 
tricarboxylic acid cycle had been recognized 
long before its structure was known. When 
chlorophyll is excited by light it is pictured as 
passing energy on to lipoic acid, the strained 
five-membered ring of which reacts with water to 
yield a thiolsulfenic acid of the type (1): 
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| | H:O + 1$ O; 
T (3) 


IV 


—(CH3),—CGOOH.—B:9 


The net result of this total process is to decrease 
the concentration of the cyclic lipoic acid (1). 
Since this compound is essential for oxidation, 
via the Krebs cycle, of pyruvic acid, herein lies 
the probable explanation for the fact that during 
photosynthesis the Krebs cycle in plants is 
essentially non-operative. 

As indicated earlier, the fixation of carbon 
dioxide is itself not photodependent but is linked 
to the reductive pressure which stems from 
the photosynthetic generation of reduced co- 
enzymes. The probable initial steps of CO, fixa- 
tion by green plants include condensation with 
the ketopentose, ribulose-1,5-diphosphate, and 
subsequent cleavage of the product to yield 2 
molecules o? 3-phosphoglyceric acid: 
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CH4;OPO;H:; qoo 
i aod HOOÓ—C—OH 
C*O; + 
Con 2 as iat 
db CHOH 
CH;OPO;H; CH3;OPO;H? 
Ribulose-1,5- 
diphosphate 
lenediol) 
(4) | 
aia 
Hoe oH 
E 
ES 
COOH 
as 
CH,OPO3H2 
3-Phospho- 


glyceric acid 


The location of the radioactivity initially in- 
corporated by green plants photosynthesizing in 
an atmosphere of CO, has been shown to 
be in the carboxyl carbon of 3-phosphoglyceric 
acid (v): 


HO ;,PO—CH ;—CHOH-—C HOOH 


The continued operation of this reaction 
requires the regeneration of five-carbon sugars 
and essential for this is the reduction of phospho- 
glyceric acid to the triose phosphate, 3-phospho- 

elyceraldehyde (v1): 


H3O;PO-—CH;—CHOH-—-CHO 


Whereas the immediate source of hydrogen for 
this reduction is probably reduced diphospho- 
pyridine nucleotide, DPNH, the ultimate source 
of hydrogen is doubtlessly reduced lipoic acid 
(ux). | 

The triose phosphate generated serves as a 
source of hexoses such as glucose by reversal 
of the Embden-Meyerhof pathway, which is 
to be discussed in the next section. It also 
permits regeneration of the pentose, ribulose, 
required in reaction 4. The details of these routes 
are beyond the scope of this review but it may 
be mentioned that a prominent pathway for 
pentose formation is the reversal of a portion 
of the transketolase pathway, described on 
page 102. 

Glycolysis via the Pathway of Embden and Mayer- 
hof. For the energy that is contained in the 
glucose molecule to become available to the 
mammalian cells which consume it, the bonds 


holding the molecule together must be broken. 
In the respiring organism the final products 
of such breakdown are generally CO, and H2O. 
It has been found that this process occurs over 
fairly well defined pathways, some of which are 
common to a variety of cells and tissues. Of 
these the most studied is that referred to as the 
Embden-Meyerhof pathway, a series of reactions 
whereby glucose is degraded to lactic or 
pyruvic acid or both. Among the many fates 
of pyruvic acid is its introduction into the citric 
acid cycle of Krebs, whereby it is finally 
oxidized to carbon dioxide and water. However, 
since the citric acid cycle is common to metab- 
olites of lipids and amino acids as well as to 
those from carbohydrate sources, it will not be 
considered as falling within the area of this 
review. 

lhe reaction which initiates the Embden- 
Meyerhof sequence, and probably the most 
commonly occurring of the metabolic fates of 
glucose in the mammal, is phosphorylation in 
position 6. Non-phosphorylating fates of glucose 
do occur in microbial biochemistry and the 
best known example of these is the notatin 
reaction: 


O 
| | 
H—C—OH | 
H—O—OH H—C—OH 


Notatin 


| 
HO—C—H 0O——5HO—C—H O> 


vem n cs 
CH.OH CHOH 
Glucose 6-gluconolactone 
(5) 
j 
bas 
n 
nd an 
cox 
oe 
CHOH 
Gluconic 
acid 
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À by-product of this reaction is hydrogen 
peroxide, which is apparently the product 
responsible for the bactericidal action of notatin. 
A number of years ago a similar reaction was 
discovered in mammalian liver wherein glucose 
was dehydrogenated by DPN to yield gluconolac- 
tone. However, the significance of this reaction 
in the glucose economy of the intact mammal is 
questionable. 

Glucose phosphorylation is a ubiquitous 
reaction in animals and in microbes. The unique 
source of phosphate is adenosine triphosphate, 
and the enzyme is termed hexokinase. This 
enzyme occupies a key position in glucose 
catabolism and was the enzyme implicated by 
Cori as related to the mode of action of anterior 
pituitary extracts and of insulin. Essentially all 
cells of higher animals have the capacity tc 
phosphorylate glucose, but hexokinases from 
various sources differ in their specificities with 
respect to the sugar component. Some, such as 
intestinal mucosa hexokinase, effect phosphoryl- 
ation of galactose and fructose as well as glucose, 
while others, such as a particular hexokinase 
of muscle and liver, operate solely upon fructose 
to give fructose-Íi-phosphate. The over-all 
reaction 

Hg OH CH, OPO;H, 
H o 0 


H 
H HEXOKINASE 
OH p P. OH + ATP mene 2. n) H OH + ADP 


(6) HO HO 
H OH H OH 
D-GLUCOSE D-GLUCOSE-6- 
PHOSPHATE 


is exergonic and essentially irreversible. One 
mole of energy-rich phosphate in the form. 
of ATP is expended for each mole of glucose 
phosphorylated. 

The product, D-glucose-6-phosphate, has four 
important fates open to it: (1) Under the in- 
fluence of a specific glucose-6-phosphatase i: 
may be irreversibly hydrolyzed to yield glucose 
and inorganic orthophosphate. This reaction 
does not occur in muscle but is known to occur 
in liver and probably also occurs in kidney, 
intestinal mucosa and other tissues. It is the 
immediate source of the bulk of the biosynthetic 
blood glucose. (2) Glucose-6-phosphate may be 
transformed to glucose-1-phosphate. This reac- 
tion and its consequences are discussed on page 
106. (3) Glucose-6-phosphate may be oxidized 
to 6-phosphogluconic acid. The implications of 
this reaction appear on page 102. (4) Glucose-6- 


phosphate may be reversibly isomerized to 


fructose-6-phosphate (vm): 


H H 
H OH 
OH H 


The enzyme for this transformation is termed 
phosphoglucose isomerase and the product is on 
the main path of the Embden-Meyerhof 
sequence. This same product may also arise 
from fructcse directly by phosphorylation with 
ATP and fructokinase of yeast, brain or muscle. 

Further phosphorylation of fructose-6-phos- 
phate consumes a second mole of energy-rich 
phosphate and yields fructose-1,6-diphosphate as 
a product: 


WOPOCH, , CHOH HOgPOCH, 9 CH,OPO,H, 
PHOSPHOFRUCTO- 
* ATP L————— + ADP 
H KINASE i) 
H OH " on 
OH H OH H (7) 


This reaction, like the hexokinase reaction, is 
exergonic and irreversible. There does, how- 
ever, appear to be a phosphatase capable of 
catalyzing zhe hydrolysis of fructose diphosphate 
to fructose-5-phosphate and inorganic phosphate. 

The next reaction in the Embden-Meyerhof 
sequénce is a reversible cleavage of the bond 
between th? two central carbon atoms 3 and 4 of 
the hexose skeleton: 





CH;OPOiH,; CH4,O0PO;H; 
E LE 
E a Aldolase CH3OH ( 
— 8 
an dcn i 
Hei H—C—OH 
CH;OPOH; i CH;OPO;H; 
Fructose-1,6- Dihydroxy- | D-Glyceralde- 
diphosphate acetone hyde-3-phosphate 
(Open-chain form) phosphate 


The products of this reaction in the catabolic 
sense are tne phosphoric acid esters of the keto- 
triose, dihydroxyacetone, and the aldotriose, 
glyceraldehyde. In the synthetic or anabolic 
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sense, the enzyme aldolase is remarkably specific 
with respect to dihydroxyacetone phosphate but 
a variety of aldehydes have been found to replace 
glyceraldehyde-3-phosphate, leading to the 
possible synthesis of a variety of sugars. “he 
synthetic possibilities of this enzyme have only 
recently been generally appreciated. | 

The two triose phosphates are readily inter- 
convertible in the presence of triosephosphate 
isomerase and are often considered as an equi ib- 
rium mixture: 


CH;OH CHO 
Triosephosphate | 
(0). C=O === HC—OH 
CHsOPO;Hs CH;4OPO;H» 


Dihydroxyacetone phosphate is of interest as che 
source of glycerol and a-glycerolphospharic 
acid (vni) 

CH;OH 


CHOH 
CH3OPO;H; 


to which it is readily reduced by DPNH, and 
these products undoubtedly participate in the 
synthesis of neutral fats. Glyceraldehyde-3- 
phosphate is subject to a remarkable oxidation 
involving the obhgatory participation of inor- 
ganic phosphate. The details of this reaction, 
which involves a sulfhydryl enzyme and oxidized 
diphosphopyridine nucleotide, are curren:ly 
unclear but the over-all stoichiometry is 
expressed by the equation: 


O 
b a 
Hee: E 
CH;OPO;H? 
(70) 
O 
EA 
H—C—OH 4 DPNH 4H 
CH;OPO;H, 


1,3-Diphospho- 
glyceric acid 


This reaction is unusual in two important re- 
gards. In the first place, it is the sole step inter- 
vening between glucose and pyruvic acid in this 
sequence which involves oxido-reduction. Sec- 
ondly, it is a reaction whereby inorganic 
orthophosphate is consumed while an energy- 


O 


| 
rich phosphate bond, -—C-——OPO;H;, is gen- 
erated. The phosphate in position 1 of the 
product is of sufficiently high energy to enter the 
adenosine triphosphate system: 


COOPO;H; 
Phosphoglycerate- 


ADP 4- HC—OH 


kinase 


CH;O0PO;H. 


(77) 
COOH 


| 
ATP + HC—OH 


CH3O0OPO;H» 
3-Phosphoglyceric 
acid 


The product of this reaction is in equilibrium 
with its isomer, 2-phosphoglyceric acid, and 
since the reaction is accelerated by the presence 
of 2,3-diphosphoglyceric acid a mechanism 
analogous to that of the phosphoglucomutase 
reaction (page 106) has been postulated: 





COOH COOH 

| | Phosphoglycero. 
HC-—OH e—-l---. HC—OPO;;H; ——— 

| | | mutase 

CH,OPO:H: | _CH,O|PO;H: 

3-Phospho- 2,3-Diphospho- 


glyceric acid glyceric acid 
(72) 


COOH COOH 


| | 
HC—OPO3H2 + ud 
CH.OH 


2-Phospho- 
glyceric acid 


| 
CH,OPO3H: 
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In the presence of enolase, 2-phosphoglyceric 
acid loses a mole of water: 


COOH COOH 


Enolase 


| | 
HC—OPO;H; v——— poems + H:O 





| 

CH;OH CH; 

Phosphoenolpyruvic 
acid 


(73) 


to yield the phosphoric acid ester of (enol) 
pyruvic acid. Phosphate in this situation is also 
rich in energy and capable of entering the ATP 
system: 





COOH 
Pyruvic- 
ee + ADP B 
CH, 
(14) 
COOH COOH 


CH; 
(enol) (keto) 
Pyruvic acid 


In the course of its normal operation in respiring 
tissues a large part of the pyruvic acid formed 
undergoes oxidative decarboxylation to yield 
acetyl-coenzyme A. This important product is a 
precursor for synthesis of fatty acids, sterols, and 
so on, and for CO; via the Krebs tricarboxyli- 
acid cycle. Pyruvic acid is also an acceptor cf 
amino groups to yleld alanine and an acceptar 
of CO; to yield oxaloacetic acid. When oxygea 
is unavailable the reduced DPNH formed in the 
phosphoglyceraldehyde dehydrogenase reactioa 
reduces pyruvic to lactic acid, which then is the 
stable final product of so-called anaerobic 
glycolysis.” With normal oxygen tensions in 
mammalian tissue, very little lactic acid ac- 
cumulates and pyruvic acid may be considered 
to be the terminus of the Embden-Meverhof 
sequence. 


The gross energy yield liberated when a mole 
of glucose is broken down to two moles of lactate 
is approximately 58,000 calories, which is a small 
fraction of the energy yield, 686,000 calories, of 
the total ox dation of glucose to CO» and HO. 
In the course of the process some energy is con- 
served, as the following accounting of high- 
energy phosphate (~P) will reveal: 


~P Yield 
glucose — glucose-6-phosphate —1 
fructose-6-rhosphate — fructose-1,6- 
diphosphate =l 
2(diphosphoglyceric acid) — 2(phos- 
phoglyce-ic acid) +2 


2(phosphopyruvate) — 2(pyruvate) +2 


Yield: moles ~P per mole glucose +2 


The Embden-Meyerhof pathway, with minor 
modifications, appears to operate in all mam- 
malian tissues. It is the sole recognized pathway 
of glucose breakdown in muscle and is a major 
pathway ir. many other tissues, such as brain. 
Glucose Dxidation via 6-phosphoglucome Acid. 
Whereas tke pathway of Embden and Meyerhof 
has, until recently, been considered as the 
prototype which, subject to minor modifications, 
described the utilization of glucose, growing 
evidence for the existence of a distinct and 
alternative. pathway has accumulated in the past 
few years. This route has variously been called 


. the “hexose monophosphate shunt,” the “direct 


oxidative pathway" and the ‘“‘Warburg-Lip- 
mann-Dickens pathway" but is perhaps most 
appropriately termed the “phosphogluconate 
oxidation pathway." It stems, as does the 
Embden-Meyerhof pathway, from glucose-6- 
phosphate and is initiated by a series of oxidative 
steps. See formula (75), page 102. 

In each of the two oxidative steps triphospho- 
pyridine nucleotide serves as hydrogen acceptor. 
The enzyme for the first reaction of the series, 
glucose-6-5hosphate dehydrogenase, was named 
*Zwischerferment" by Warburg many years 
ago. The second enzyme, 6-phosphogluconate 
dehydrogenase, is believed to oxidize the sugar 
at carbor atom 3 but the 3-keto acid, the 
postulated product, has not been definitively 
characterized. Carbon 1 of glucose is then 
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H 
| | O CO; 
E ii =o TN dso F 
d bin E dn VE US R-ó-on H;C—OH 
— O a 
HOÓ-OSH P e—HO-CÓOH = HOCH —s|  é-o + C=O 
| | lactonase | —2H | 
Jak RE vil i E RR BE NU: H—C—OH 
Nx e P d hoa 2B du E be. 
H;C—OPO;H; H5;C—OPO;H; H3;C—OPO3H; H;C—OPO;H; H;C—OPO;H; 
Glucose-6-phosphate 6-Phosphoglucono- 6-Phosphogluconic 3-Keto-6-phospho- Ribulose-5- 
lactone acid gluconic acid phosphate 


eliminated as CO; yielding a pentose, ribulose- 
5-phosphate. 

The action of a phosphopentose isomerase, 
acting analogously to phosphohexose isomerzse 
(page 104), brings the ketopentose and the 
aldopentose into equilibrium: 


CH;OH p 
~ H—C—OH 
(76) H—C—OH = H—C-—OH 
H—C—OH  H—C—OH 
HeC—OPO3H:2 H5C—OPO;H» 
Ribulose-5- Ribose-5- 
phosphate phosphate 


Ribose-5-phosphate may be activated at posi- 


tion 1 by reaction with ATP to yield 5-phos- 





— CHO 
on 
(77) F H-c-on 
E ibn 
H;4C—OPO;H; HeC—OPO:H, 
Ribulose-5- Ribose-5- 
phosphate phosphate 


( Cs F Cs 


| | 
= H—C—OH + 


phoribose-i-pyrophosphate, and this product 


‘serves as a source of pentose in the synthesis of 


ribose nucleotides and ribose nucleic acids. 
Alternatively, ribose-5-phosphate is subject to 
transformation to ribose-i-phosphate by a 
mutase mechanism comparable to that in the 
hexose series and this derivative may also serve 
as a source of pentose in the synthesis of ribose 
nucleosides. 

Carbon atoms 1 and 2 of ribulose are quite 
reactive. In the process of photosynthesis it is 
this pair of carbon atoms which ultimately 
accepts CO. from the atmosphere to yield 
phosphoglyceric acid. This pair of carbon atoms 
is of interest to us in another respect. The 
enzyme transketolase can, in the presence of 
thiamine pyrophosphate, transfer these carbon 
atoms, in the form of enzyme-bound glycolalde- 
hyde (HOCH;CHO), from ribulose-5-phos- 
phate to certain acceptors among which is 
ribose-5-phosphate: 


CH;OH 
C=O 
HO——H 
H—C—OH 
CHO 
ident "" 
H,C—OPOH, 


Glyceraldehyde- 
3-phosphate 


H,C—OH 
Sedoheptulose- 
7-phosphate 


T Cy F C3 ) 
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The seven-carbon sugar, sedoheptulose phos- 
phate, may in turn react with the three-carbon 
sugar, glyceraldehyde phosphate, in a trans- 
aldolase reaction involving transfer of the top 
3 carbon atoms from the former to the latter: 





| 
H—C—OH 


| | 
H53COPO;H; H.,C—OPO3H. 
( Cy -+ Ca 


The metabolic relations of fructose-6-phosphate 
have already been discussed (page 99). The 
four carbon sugar fragment may serve, much as 
ribose-phosphate does, as an acceptor of active 
glycolaldehyde in a transketolase reaction: 


ommo te omo mov om 


H—C—OH H—C—OH 
H;C—OPOH; H;COPO;H;s 
Ribulose-5- ' Erythrose-4- 
phosphate phosphate 
Cs -4- Ca — 


In considering the cyclic operation of this 
series of reactions one additional fact should be 


borne in mind, namely, that glyceraldehyde- | 


3-phosphate, by reversal of the steps of the 
-Embden-Meyerhof sequence, may be converted 
to hexose (C; — 14 C4). Summation of thes 
several steps reveals the following: 


3QGs—> 3C; +3 Cy (COS) 
2; C; - C 
C: + C— C: + Cy 
C; + CU Cs + G; 
l Ci; 34 Ce 
Sum: 3 C; — 24 Cy + 3C, 


In other words 3 molecules of CO; are gener- 
ated from 3 molecules of glucose with the poten- 
tial capacity for regeneration of 234 molecules 
of hexose. 

It is interesting to compare and contrast this 


e 
Lr. 
= Nan BE. gen 
dE dd a ab . (48) 
H—C—OH m ER 
H3;C—OPO;H; H;3C—OPO;H» 
Fructose-6- Erythrose-4- 
phosphete phosphate 
6 C4 


pathway wīth the Embden-Meyerhof pathway. 
In the phosphogluconate oxidation pathway, 
beginning with glucose-6-phosphate, no ATP is 
required, bat an obligatory oxidation occurs 
early in the reaction sequence. Repeated opera- 


CH;OH 


| 
Lo 
HO—C—H 
E + CHO 
| (19) 
E dd i ER. 
H3;C—OFO;H* H4C—OPO;H; 
Fructose-6- Glyceraldehyde- 
phosphare 3-phosphate 
Cs d Cs 


tion of the cycle as delineated yields CO; as the 
sole and fnal product, with release of all the 
energy introduced into the glucose molecule by 
photosynthesis. Concerning the disposition and 
possible ccnservation of this energy, there is no 
definitive information. The Embden-Meyerhof 
pathway, 2n the other hand, when beginning 
with glucose-6-phosphate, consumes ATP in the 
formation of hexose diphosphate. If lactic acid 
is the accumulated end product, no net oxida- 
tion has occurred and the sequence can and 
does proceed anaerobically. Terminating at 
lactic acid, this sequence releases only a fraction 
of the energy contained in glucose. 
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The steps of the phosphogluconate oxidation 
pathway were, in many cases, first studied in 
microbial systems. However, there is good 
reason to suppose that the same or very similar 
steps.also occur in certain mammalian systems. 
Whereas skeletal muscle appears to catabolize 
glucose exclusively over the steps of the Embden- 
Meyerhof pathway, the phosphogluconate oxi- 
dation pathway has been shown to operate in 
liver, mammary gland, testis and certain other 
tissues. 

It would be erroneous to conclude that the 
two pathways described here zor glucose 
catabolism necessarily are the only pathways 
that occur. Other routes have been indicated but 
the evidence in support of their occurrence in 
mammalian systems is thus far lacking. 

Hexose Interconversions. In addition to the 
various pathways for glucose catabolism involv- 
ing rupture of the hexose carbon skeleton, there 
are means available to the organism whereby it 
can convert glucose into other hexoses with 
retention of the intact carbon chain. Such 
reactions lead to the formation of certain 
monosaccharides which are required for the 
biosynthesis of lactose and mucopolysaccharides, 
and to others which are necessary for detoxica- 
tion mechanisms. | 

The interconversion of glucose-6-phosphate 
and fructose-6-phosphate catalyzed by phospho- 
glucose isomerase has been described on page 
99. Mannose, which differs from glucose in its 
configuration about carbon atom 2 and is found 
in nature as a constituent of various poly- 
saccharides and of glycoproteins, can be formed 
as its 6-phosphate ester from fructose-6-phos- 
phate in a reaction catalyzed by a phosphoman- 
nose isomerase present in muscle: 


formation of an enediol, and consequently the 
open forms of the sugars are directly implicated. 
It should be noted that fructose-6-phosphate 
is an obligatory intermediate between glucose- 
and mannose-6-phosphates. 

The synthesis of glucosamine, which occurs as 
its N-acetyl derivative chiefly in polysaccharides 
of the tissues, was first demonstrated with an 
extract of Neurospora mycelia: 


CH, OPO, H3 CH,OPO,H, 
H A On H i OW 
u pg) GLUTAMINE OH H + GLUTAMATE (27) 
KO OH HO OH 
H OH H Nbg 
D-Glucose-6- D-Glucosamine-6- 
Phosphate Phosphate 


At least two further enzymatic reactions inter- 
vene between the formation of this product and 
the incorporation of the glucosamine moiety into 
mucopolysaccharides: 


Acetyl- 
wee —À 


Coenzyme-A 





n-Glucosamine-6-phosphate 


CH50PO4H; 
H O H 
H 
OH H (22) 
HO OH 


H — NHCOCH, | 


N-acetyl-p- 
glucosamine- 
6-phosphate 


CH,OH ‘aa E n 
m non ue 
d iua HO—C— E Me 
(20) dca = di dos. = E ad 
xd ibus li db ide does 
H3C—OPO;H; H3C—OPO;H» H3C—OPO;H» 
Fructose-6- Enedio! Mannose-6-phosphate 
phosphate 


Mechanistically, this reaction, which is similar 
to that for the interconversion of glucose- and 
fructose-6-phosphates, involves the intermediary 


The acetylated material is then isomerized to the 
1-phosphatein a manner reminiscent of the phos- 
phoglucomutase reaction discussed on page 106. 
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HC—OPO;H; 
CORE, H—C—NHCOCH; (23) 
HOG Ó ERA HOO O 
H—C—OH H—C--OH 
O Hc 
"opem Hon 


N-Acetyl-D-glucosamine- 
6-phosphate 


Another aldohexose of biochemical interest is 
D-galactose (1x), which differs from glucose in 
its configuration about carbon atom 4. 


6 

CH,OH 

5 O 

aY H H 
: | 
H OH H OH 
3 2 
H OH 


This sugar is a component of several polysac- 
charides, and of the disaccharide lactose (x), a 
sugar peculiar to mammals. 


4-(8-D- E asada: i ani 
B-D-Lactose 

Actually glucose-1-phosphate and galactose-1- 
phosphate are interconvertible, that is, inversion 
about carbon atom 4 is reversible in the presence 
of the enzyme phosphogalactose isomerase. The 
coenzyme for this reaction is uridine diphos- 
phoglucose, UDPG (xr), 


O 
ITT E 
cu MEE M CN MCA E 


NM H OH © 
e) 
Rp 


| | 
OH HO—C—H O 


Jurv, 1955 


N-Acety-D-glucosamine- 
1-ahosphate 


and the folowing steps have been shown to 
occur: 


Glucose-1-pLosphate + Uridine triphosphate = 
(UTP) 
UDPG + Prrophosphate 


Phosphoga actose 
isomerase 


UDPGalaczose ===> Galactose-1-phosphate 
(UTP) 


(24) 


Little is known of the mechanism of this isomer- 
ization other than the fact that it occurs without 
rearrangement of the carbon skeleton. It should 
be noted tkat galactose-1-phosphate can also 
arise in liver from galactose and ATP by a 
galactokinase-catalyzed reaction. 

Another series of conversions which has been 
recently elucidated involves the formation of 
glucuronic zcid and its conjugation with certain 
alcohols to form glucuronides: 


O 
Eod 
Pu — E EM AE NR 
o- Amino 


Pd H HOH H H 


menthol, 
tetrahydro- . 
Glucuronide 


cortisone, 
etc.) 


(25) 


Products of zhis type of detoxication reaction are 
excreted in the urine. The oxidation of carbon 
atom 6 of g-ucose to give the uronic acid again 
involves the remarkable coenzyme UDPGlucose 
and a DPN-linked enzyme derived from liver: 


+ 
UDPGlucose + 2 DPN — 


+ 
UDPGlucuronic Acid + 2 DPNH + 2H (26) 
(UDPSA) 
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* Active" glucuronic acid, UDPGA, then acts as 
the glucuronide donor in the synthesis of the 
conjugates. This reaction, which is catalyzed by 
an enzyme derived from the microsomes of liver, 
has been demonstrated in the formation of 
glucuronides of o-aminophenol, menthol and 
tetrahydrocortisone. Although demonstration of 
the specificity of the enzyme system involved 
must await purification of the microsomal 
preparation, the glucuronide conjugating reac- 
tion involving UDPGA appears to be a general 
mechanism for the formation of such phenolic 
and alcoholic derivatives. 

A summary of relationships of certain hexoses 
is shown in the following diagram: 


UDP-N-Acetylglucosamine 


N-acetylglucosamine-1-phosphate 


N-acetylglucosamine-6-phosphate 


glucosamine-6-phosphate 


galactose-1-phosphate 


Il 


UDPGalactose 


Glycogen and the Mechanism of Carbohydrate 
Storage. In view of the intermittent nature of 
ingestion of food, two devices exist in the mam- 
malian organism to satisfy the continuous need of 
certain tissues, such as the central nervous 
system, for glucose. One of these is the capacity, 






| 
HeC—OPO3sH2 {| H35C—O!PO;H,; 
Glucose-6- Glucose-1,6- 
phosphate diphosphate 


vested especially in the liver, to synthesize 
glucose from non-carbohydrate organic mole- 
cules. ‘The other is the ability of various tissues 
to store glucose, whether of dietary or synthetic 
origin, as polysaccharide. This ability, very 
widespread in nature, results in the accumula- 


.tion of starches in vegetable cells and of glycogen 


in animal cells. 

The phenomenon of glycogen storage is a 
happy one in several regards. The molecule of 
glycogen is of enormous molecular size and of 
low intrinsic viscosity, hence contributes mini- 
mally to the viscous or osmotic properties of the 
intracellular fluid. Sugar stored as glycogen is 
readily available for mobilization and indeed 


mannose-6-phosphate 


fructose-6-phosphate 


e— glucose-6-phosphate 


glucose-1-phosphate 


e 
UDPGlucuronic acid 


such mobilization, and coincident deposition of 
hexose phosphate, occurs continuously in the nor- 
mal animal. The unique source of all glycogen, 
so far as is known, is glucose-1-phosphate. ‘This 
compound is generated in the body in an enzyme- 
catalyzed transphosphorylation: 





O + d nes 
H—C E | den 
| 
H;C—OPOH» He ln 
Glucose-1,6- Glucose-1- 
diphosphate phosphate 
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The reaction is catalyzed by the enzyme, phos- 
phoglucomutase. Since glucose-1,6-diphosphate 
is both a reagent and a product of the reaction, 
and since its concentration does not diminish as 
the reaction proceeds, it need be present only in 
catalytic amounts. In fact, since glucose-1,6- 
diphosphate was a minor contaminant of 
impure mutase preparations, the requirement 
for this reagent escaped detection for many years. 

Activation of the aldehydic carbon of glucose, 
as by phosphorylation, appears to be a prime 
requisite for the biologic establishment of 
glucosidic bonds. A glucoside may be defined as a 
derivative of glucose substituted in the number 1 
or aldehydic carbon atom. In the family of 
compounds under present discussion, the sub- 
stituent is itself a glucose residue, and the parent 
of this family is the glucose-glucoside, maltose 
(xit): 


CH40H CH40H 
Hv O, H H O H 
H H ` 
OH H OH H 
HO j OH 

H OH H OH 
With reference to the numbering of the carbon 
atoms of glucose drawn in this convention thz 
oxygen bridge will be recognized as extending 


from carbon-1 of one glucose to carbon-4 of its 
neighbor: 


6 
CH,OH 
0 
HL — NH \ 95 
H | 
4 i C 1 
OH H H 
HO OH LZ 
3 e T 
H — OH d" 


a-D-Glucopyranose 


The so-called a-1,4' bond is the sole glucosid.c 
bond of the starch, amylose. In amylopectia, 
and to a greater extent in glycogen, another 
glucosidic bond exists, the a-1,6’ bond, exempli- 
fied in isomaltose (xm): 


CH,OH 


OH 


The primary step whereby the organism 
generates glycogen involves a phosphorolytic 
condensation between glucose-1-phosphate and 
the maltosidic end group of a pre-existing 
polysaccha-ide molecule: 


0 Om ETC. 


| on 


INORGANIC 
O— ETC. + : 
HO PHOSPHATE 


This react.on is freely reversible, its equilibrium 
being determined by the relative concentrations 
of glucose-1-phosphate and inorganic phosphate. 
The enzvme catalyzing this reaction is phos- 
phorylase, which has been isolated from animal 
as well as rom vegetable sources. Under certain 
circumstances phosphorylase may become in- 
activated and then readily reactivated by addi- 
tion of adenylic acid. Epinephrine favors this 
reactivation in the case of liver or muscle 
phosphorylase whereas glucagon is believed to 
assist in the reactivation of the liver enzyme. 

The expected product of the phosphorylase 
reaction, generating solely a-1,4’ glucosidic 
bonds, would be long unbranched chains of 
glucose -esidues, each with a single reducing 
(aldehydiz) end and a single non-reducing end. 
This is indeed the case with amylose. In glyco- 
gen, however, there are numerous non-reducing 
ends to sach molecule and the molecule is 
highly branched. A branch point exists wher- 
ever a zlucose residue bears substituents on 
carbon atoms 1, 4 and 6: 
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CH,OH 
Q 
H a-1,6' 
CH, OH CH,OH 
TO 
— REDUCING 
END 
a - 1, 4! 


Phosphorylase is incapable of generating 
a-1,6’ bonds but a second enzyme, a “‘branch- 
ing" enzyme, has been described which is a 





R, reducing end of molecule. 


saccharides of the starch-glycogen type is 
initiated by the hydrolytic cleavage of a-1,4’ 
zlucosidic bonds by the catalysis of a-amylases 
of the saliva and pancreatic juice. a-Amylase also 
2xists in the blood and possibly in the solid tissues 
of the body but its role in intracellular glyco- 
zenolysis js obscure. Better understood is the 
5hosphorolytic cleavage of a-1,4’ bonds, under 
rhe influence of phosphorylase, a reaction which 
5 the precise reversal of that previously shown 
rreaction 25). The attack by inorganic phosphate 
hberates the terminally situated glucose residue 


p 
POO 


©, ©, ©, glucose units removed by the first, sccond, and third digestions with phos- 


phorylase, respectively. 


€, glucose unit split 3H as free glucose from 1,€ linkage by amylo-1,6-glucosidase. 


Fic, 1. The structure of g ycogen. (From Larner, J., Illing- 
worth, B., Cori, G. T. and Cori, C. F. J. Biol. Chem., 199: 647, 


1952. 


transglucosidase. It apparently catalyzes a 
reaction wherein glucose residues are transferred 
from a-1,4' to a-1,6’ linkage, the new linkage 
being formed at the expense of the old. Tbe 
enzyme has been named amylo-(1,4  1,6;- 
transglucosidase and has been shown to occur 
both in liver and in muscle. 

The combined action of phosphorylase and 
the branching enzyme results in the generatioa 
of highly branched polysaccharides of an 
arboreal nature as shown in Figure 1. The 
branching patterns of liver and muscle glycogens 
differ somewhat, probably a consequence cf 
difference in the relative activities of the par- 
ticipating enzymes. The basic scheme cf 
polysaccharide storage is remarkably uniform 
throughout the animal and vegetable kingdoms. 

Closely associated with the syrthesis of 
glycogen is its enzymatic breakdown. In the 
gastrointestinal tract the breakdown of poly- 


as glucose-1-phosphate. This product, by reversal 
of the phosphoglucomutase reaction (reaction 
27), yields glucose-6-phosphate; the glucose 
residue of glycogen thereby is reintroduced into 
tke main stream of glucose metabolism. 

The attack by inorganic phosphate and phos- 
phorylase upon glycogen begins at the un- 
branched, non-reducing ends of the glycogen 
molecule. (Fig. 1.) When a branch point is 
approached and a glucose residue in a-1,6’ link- 
age is exposed the action of phosphorylase 
ceases. This product, refractory to further attack 
by phosphorylase, is termed a phosphorylase 
limit dextrin. It can be converted into a 
pLosphorylase-sensitive polysaccharide once 
again by the removal of the exposed glucose 
residues in a-1,6’ linkage and this is effected 
hydrolytically by an enzyme present in both 
liver and muscle, amylo-1,6-glucosidase, the 
“debranching” enzyme. Just as glycogenesis 
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from glucose-i-phosphate is a result of the 
combined action of phosphorylase + branching 
enzyme, so glycogenolysis is a consequence of the 
combined action of phosphorylase + debranch- 
ing enzyme. Kinetic studies of glycogen turnover 
in the intact animal have revealed that all these 
processes are continuously operating in liver 
and in muscle. Glycogen molecules are gaining 
peripherally situated glucose residues (phos- 
phorylase reaction) and at the same time new 
branch points are being established (branching 
enzyme). Since these processes occur even 
though the nutritional state and the glycogen 
content of the tissues are sensibly constant, the 
steps of glycogen breakdown must be pictured 
as accompanying those of glycogen synthesis. 

A few generalizations about glycogen reserves 
are appropriate. In terms of weight, and more 
strikingly in terms of calories, the glycogen 
reserves of the mammal are small compared with 
the reserves of depot fat. The glycogen reserves 
of the liver are readily depleted by various 
procedures, including fasting, thyroid intoxica- 
tion, hypoxia, etc. The glycogen stores of the 
muscle, although not exhausted by fasting, can 
be effectively eliminated by convulsions. Epi- 
nephrine administration is followed, possibly 
as a consequence of phosphorylase activation, by 
an initial depletion of glycogen. This is most 
obvious in the liver but in the previously fasted 
animal is also apparent in the muscle, Rapid 
breakdown of glycogen in liver may be ac- 
companied by a rise in blood glucose due tc 
the- presence, in this organ, of a specific 
glucose-6-phosphatase: 

CH50PO,H,, 


H OH 
H 
OH H 


(29) "1 


CH, OH 


INORGANIC 
PHOSPHATE 





GLUCOSE ~6- 
PHOSPHATE 


GLUCOSE 


This enzyme is lacking in muscle, hence the only 
free glucose which arises when muscle glycogen 
breaks down is that liberated by amylo-1,6- 
glucosidase. Most of the biologic derivatives cf 
muscle glycogen must by glycolyzed to pyruvic 
or lactic acids before they enter the blood stream. 

Abnormally large accumulations of glycogen 
may be induced experimentally or may occur 
pathologically. In death due to insulin shock, 
enormous quantities of glycogen, especially in 
muscle, may be found, particularly if convulsions 
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are avoided. Glycogen storage disease has 
been analyzed by Cori and in most cases its 
pathogenesis can be attributed to lack of glucose- 
6-phosphatase in liver or to abnormalities in 
branching pattern of the polysaccharide. 

Other Polysaccharides of Biologic Importance. 
Dextrans, which are polyglucosides wherein the 
a-1,6' linkage is the dominant one, have recently 
assumed practical importance in view of their 
use as plasma volume expanders. These poly- 
saccharides are formed from sucrose by certain 
microorganisms including Leuconostoc dex- 
tranicum. The reaction involves transglucosida- 
tion by an enzyme called dextransucrase: 


n Glucosylfractoside — (Glucosyl), + n fructose 
(Sucrose) (Dextran) (30) 


A host of polysaccharides are known which, 
in contrast to glycogen, starch, cellulose, dex- 
tran, etc., vield more than one sugar product 
upon total hydrolysis. These are called hetero- 
polysaccharides. Polysaccharides which are 
comprised of roughly equimolar amounts of 
giucuronic acid and either acetylglucosamine or 
acetylgalactosamine occur in connective tissues. 
Thus hyaluronic acid contains a repeating 
disaccharide unit of glucuronyl-acetylglucosa- 
mine in which the bonds are of the §-1,3’ 
variety. Heparin apparently has a similar 
structure with the additional feature of sulfuric 
acid residues attached along the chain. Chon- 
droitin sulfate, the characteristic polysaccharide 
of cartilage, is composed of glucuronic acid, 
acetylgalactosamine and sulfuric acid. 

The blood group substances as well as the 
soecific soluble sugars of many bacteria belong 
to the class of heteropolysaccharides. Many of 
these have very complex structures and a variety 
of monosaccharides have been recovered from 
the products of their hydrolyses. 


SUMMARY 


Any attempt to separate the metabolism of 
carbohydrates from that of fats or of amino acids 
is at best arbitrary. Many metabolic pathways 
are now kriown to be shared in common between 
various groups of tissue constituents, many 
intermediates may be derived from non-carbo- 
hydrate as well as carbohydrate precursors. 

In the composition of the present report the 
authors have limited the subject matter to the 
metabolic reactions of those compounds which 
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the organic chemist would call “sugars.” Dn 
this basis, and also on the basis that it is as much 
a part of fatty acid or amino acid metabolism 
as of carbohydrate metabolism, discussion of -he 
tricarboxylic acid cycle has not been included. 
An attempt has been made to review the current 
state of our knowledge of the origins of the com- 
mon sugars, their catabolic fates, their metabclic 
transformations and the devices employed in 
their biologic storage. 
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Dr. Joun V. TAGGART: At a time when major 
areas of the world face a chronically inadequate 
food supply it is highly significant that one of our 
leading nutritionists, Dr. F. J. Stare, can state 
that “an excessive caloric intake is the single, 
most extensive nutritional problem affecting 
public health in this country." If moderate 
obesity is defined as a 20 per cent excess of 
weight over the so-called ideal, it can be esti- 
mated that 15 million people in this country are 
so affected. However, to classify obesity strictly 
in terms of a comparison with some hypothetic 
ideal is undoubtedly misleading in many 
instances. From a medical standpoint we migh: 
better consider it as that degree of corpulence 
which interferes seriously with an individual’s 
well-being or efficiency. 

What are the ways in which obesity threatens 
the individual’s well-being? Insurance statistics 
appear to provide tangible evidence in ths 
matter. These have been summarized succinctly 
in the often repeated phrase of Louis Dublia 
that, “The penalty of overweight is a one-quarter 
to three-quarters increase in mortality.” For 
example, in a group of persons between forty-five 
and fifty years of age mortality rates increase 
about 1 per cent for each pound excess weight. 
But mortality statistics alone cannot give us an 
adequate picture of the penalties of overweight. 
We know, in addition, that the obese perscn 
is more susceptible to diabetes, cardiovascular 
disease and cholelithiasis, that he is accident- 
prone and that he carries an increased risk when 
subjected to surgery. Perhaps even more impor- 
tant is the fact that excessive weight imposes 
a burden on day to day labor, often to the 
extent that work itself becomes a trial. Finally, 
and perhaps most serious of all, the obese 
individual, though he may realize no physical 
discomfort, may suffer most in his persoral 
relationships. 
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Much of this Clinic will be devoted to a con- 
sideration of the etiologic and physiologic aspects 
of obesity. Let me state that we have implicit 
faith in the validity of the first law of thermo- 
dynamics. Many novel ways of evading this 
law have been proposed in the past but we 
must regard them as emotional and groundless. 
It follows, therefore, that any accumulation of 
tissue, adipose or otherwise, represents a positive 
caloric ba.ance. The problem of obesity is 
large-y one of balance between appetite and 
energy expenditure. That this balance is 
maintainec normally by one of the most 
delicately poised homeostatic mechanisms merits 
emphasis. The majority of individuals can 
maintain a fairly constant weight over a period 
of months or years without making any con- 
scious adjustment of their food intake to match a 
widely fluctuating energy expenditure. Why 
then are some individuals able to stabilize at 


_ an acceptable weight while others fail to do so? 


First, we know that attitudes toward food vary 
tremendously and that these attitudes stem in 
part from geographic, ethnic and economic con- 
siderations. For the individual who comes from 
an area where food is in short supply, food 
becomes of tremendous importance. We know 
also that there are definite familial patterns 
of eating. The habits of eating established 
during childhood are perhaps among the most 
potent and lasting influences affecting our daily 
activities. Secondly, it should be noted that 
psychologic factors may be of paramount impor- 
tance in some cases of obesity. This, too, has been 
aptly summarized by the late Cyril Connolly 
who said, “Obesity is a state of mind, a disease 
brought on by boredom and disappointment." 
While we do not wish to minimize the impor- 
tance of psychologic factors in the etiology of 
obesity, this aspect of the problem will not be 
our major concern today. It is our hope that a 
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review of the dynamics of body weight may lead 
to a better understanding of the mechanisms 
which underlie the adjustments of appetite to 
metabolic needs. Our first speaker, Dr. Theo- 
dore B. Van Itallie of St. Luke’s Hospital, has 
kindly consented to summarize for us the many 
important experimental contributions which 
have been made in this field during recent years. 

Dr. THEopoRE B. Van ITALLIE: For many 
years a large proportion of physicians and nutri- 
tionists has held that obesity is a simple matter of 
overeating. Like all tautologies, this thesis is 
logically incontestable. Yet, it evades the 
essential question: Why do obese persons 
overeat? 

A decade ago, when Newburgh! reviewed the 
subject of human obesity from the physiologic 
standpoint, he concluded that, although many 
painstaking investigations had been made, no 
abnormal metabolic process had been disclosed 
to account for the accumulation of excess fat in 
obesity. Similarly, Conn? concluded that the 
mechanisms for dissipating energy from the obese 
body usually show no abnormality and that 
obesity must therefore result from an excessive 
desire for food. _ 

The judgments of Newburgh, Conn and others 
that obesity in man is unaccompanied by 
metabolic abnormalities have tended to dis- 
courage clinical investigation into the etiology 
of obesity at the physiologic level; however, there 
have been advances in our knowledge of 
intermediary metabolism and in physiology 
and psychology which have thrown further 
light on the problem of obesity. As a result of the 
work of many investigators in these fields it is 
possible to set up a tentative scheme in which 
the various factors concerned with the regula- 
tion of food intake and fat storage may be 
integrated. By means of such a model it is 
possible to indicate some of the sites at which 
disorders of this “regulatory system" might be 
expected to occur. 

A precise definition of obesity always must be 
arbitrary; however, Keys and Brozek* ! have 
properly emphasized that obesity in man is not 
necessarily determined by the simple measure- 
ment of body weight but is best demonstrated 
by a consideration of body composition. Nor is 
it completely accurate to say that all forms of 
obesity represent only an imbalance between 
energy intake and energy expenditure. This 
is usually the case but there are exceptions in 
which the bodv retains abnormal quantities 


of fat even after prolonged undernutrition.? 
Moreover, as Conn? has pointed out, endocrine 
influences may affect distribution of body fat 
without appreciably altering its total content. 
Etiologically, there. seem to be two general 
categories of obesity: those which are due pri- 


TABLE 1 
TENTATIVE GROUPING OF FORMS OF OBESITY ACCORDING 
TO MECHANISM 
I. Regulatory obesity (No primary metabolic ab- 
normality) 
A. Psychologic 
1. Neurotic overeating 
2. Non-neurotic overeating (cultural die- 
tary pattern) 
B. Physiologic 
1. Increased intake—hypothalamic disorder 
2. Decreased output—forced immobiliza- 
tion 
II. Metabolic obesity 
A. Enzymatic—? genetic obesity in mice 
B. Hormonal—hyperadrenocorticism 
C. Neurologic—? lipodystrophy (autonomic) 


marily to energy imbalance, whether due to 
excessive intake or decreased expenditure, and 
those which are due primarily to abnormalities 
in intermediary metabolism. Such abnormalities 
may involve either excessive fat synthesis or 
impaired fat degradation. In one instance there 
is an excess of substrate without an accompany- 
ing metabolic disorder; in the other, there is an 
abnormality in the way substrates are handled 
by cells leading, in turn, to an increased energy 
intake. 

For obesities which result primarily from 
disorders of energy balance without evidence of 
metabolic abnormality, the general term regu- 
latory obesity might be employed. For obesities 
which represent primarily disorders affecting 
fat turnover, the term metabolic obesity seems 
appropriate. (Table 1.) 

Regulation of Energy Intake. As a background 
for discussion of the various forms of obesity 
some sort of physiologic framework is indispensa- 


. ble. Although there is still a great deal to be 


learned about the mechanism of food intake 
regulation, it is known that there are two impor- 
tant centers concerned with hunger and satiety 
in the ventral hypothalamus. Each of these 
centers is bilaterally symmetrical, and electro- 
lytic lesions of the more medial pair (in the 
ventromedial nuclei) result in hyperphagia, 
impaired satiety and obesity. Appropriate 
lesions lateral to the ventromedial nuclei are 
followed by complete cessation of feeding. 
Animals with such lesions will not consume food 
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even if it is placed in their mouths.’ ‘Thus there 
appears to be a feeding center and a regulatory 
center. When the regulatory center is injured, 
feeding becomes uncontrolled; when the feeding 
center is damaged, feeding stops or is impaired. 
Whether the hyperphagia which follows destruc- 
tion of the ventromedial nuclei results directly 
from interruption of some direct neural con- 
nection between the two centers or indirectly as 
a result of metabolic changes secondary tc 
such destruction is not yet clear. There are 
autonomic and metabolic changes associatea 
with destruction. of the ventromedial nuclei 
which of themselves could lead to increased food 
intake.5-? 

In a recent review Brobeck!? has discussed 
three theories which attempt to explain thz 
regulation of food intake. One theory proposes 
that animals eat for calories and that some 
mechanism exists for signaling the intake of a 
certain amount of potential energy. For example, 
Adolph?! has stated that, “Food acceptance and 
the urge to eat in rats are found to have relz- 
tively little to do with a 'local condition of the 
gastrointestinal canal,’ little to do with the 
` ‘organs of taste! and very much to do with 
quantitative deficiencies of currently metab- 
olized materials." How the animal can measure 
potential energy is not known and, as Brobeck 
points out, no change in composition of bocy 
fluids or in pattern of intermediary metabolism 
directly proportional to energy intake has been 
identified. A recent study by Strominger, 
Brobeck and Cort!* appears to exclude the 
caloric content as the intrinsic food factor 
producing the change in an animal which 
signals satiety. 

A second possible mechanism is one propos2d 
by Brobeck himself. His explanation is based on 
the fact that in the assimilation of food animals 
exhibit a rise in total heat production. This 
phenomenon has been termed by Rubner the 
specific dynamic action (S.D.A.). Brobeck has 
suggested that as extra heat is released from 
food it alters the conditions of regulation of bcdy 
temperature and the animal stops eating to 
prevent hyperthermia. Thus, according to 
Brobeck, animals “eat to keep warm.” 

In support of Brobeck’s hypothesis is the find- 
ing of Booth and Strang?? that the rise in sxin 
temperature after eating has the same course in 
time as that of the S.D.A. and correlates well 
with the onset of satiety. Moreover, when the 
composition of the diet is changed to alter the 
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concentration of protein, carbohydrate, fat, or 
the total bulk, rats will adjust their intake so that 
the calculated S.D.A. varies less than any other 
known factor of the diet.!* And, of course, it is 
well known that the hypothalamus contains 
temperature-sensitive cells. 

The ‘thermostatic’ theory described by 
Brobeck has several questionable features. For 
example, the mechanisms ordinarily employed 
by the body to dispose of extra heat and to 
maintain temperature are so effective that it 
seems superfluous to invoke hunger and satiety 
as additional thermoregulatory devices. There 
is no evidence to suggest that hot food per se 
has a greater satiety value than the same amount 
of food served cold, or that a hot bath destroys 
one's appetite. It is evident that energy is 
needed for the performance of work as well as for 
the maintenance of body temperature. Hence 
the concept of “eating to keep warm" appears to 
neglect the fact that any theory of food intake 
must account for the conditioning effect of 
changing energy requirements upon energy 
intake. No relationship has been identified 
between S.D.AÀ. and energy requirements. 

A third theory of food intake listed by Brobeck 
is the “ghucostatic’ theory of Mayer and his 
associates.!57!17 Briefly, this theory postulates 
that satiety occurs during active uptake of blood 
glucose bv appropriate receptors in the central 
nervous system and that the desire for food is felt 
only when the supply of blood glucose to the 
*glucoreceptors" is curtailed. Thus, from the 
glucostatic view, the quantity of carbohydrate 
available in the body at any one time exerts a 
regulatorv effect on food intake. 

Brobecx's major criticism of the glucostatic 
theory has been that the existence of gluco- 
receptors in the central nervous system is 
unproved.!? Actually, there is little doubt that 
such glucoreceptors exist. Duner!? has recently 
demonstrated that there is a center in the 
hypothalamus sensitive to changes in local 
concentration of glucose. When the glucose 
concentration in the hypothalamic region is 
selectively elevated inhibition of epinephrine 
secretion by the adrenal medulla follows. This 
effect is mediated via the splanchnic nerves. 
A number of investigators have. shown that 
lowering the blood sugar by means of insulin 
stimulates gastric peristalsis.!? If the vagi are 
sectioned this effect is abolished. Conversely, 
raising the blood glucose level may result in 
inhibition of gastric peristalsis,?? ?! although 
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intravenous administration of amino acids does 
not appear to affect the motility of the stomach 
in fasting dogs.?? Hence it seems probable tkat 
there are centers in the hypothalamus responsive 
to changes in blood glucose and capable of 
initiating and inhibiting gastric contractions, 
and of influencing the rate of epinephrine 
secretion by the adrenal. 

Larsson (and Forssberg)?? recently reported 
studies on the metabolism of the hypothalamic 
region which contains centers kncwn to be 
concerned with the regulation of food intake. 
They measured radiophosphate incorporation 
and the hydrolyzable phosphate content (crea- 
tine phosphate and energy-rich terminal groups 
of adenosine triphosphate) in three hypo- 
thalamic areas (A, B and C) of fed and fasted 
rats. Their analyses disclosed that in the area of 
the hypothalamus containing the lateral and 
ventromedial nuclei (C) significantly more P?? 
was taken up in hungry than in fed animals. The 
others, control (A and B) areas, of the hypo- 
thalamus did not display such increased phos- 
phate retention during hunger and, indeec, 
showed less P?? uptake in the fasted than in the 
fed state. The livers of hungry rats were dis- 
tinguished by an increased uptake of radic- 
phosphate; however, blood, muscle and 
cerebrum as a whole showed no significant 
differences in phosphate incorporation when 
the fasting and fed states were compared from 
this standpoint. The concentration of energy- 
rich phosphate was markedly higher in the 
C-samples than in the control hypothalamic 
areas of hungry rats. The opposite was found ir 
fed rats. 

These findings are consistent with the view!* 
that the hypothalamic areas concerned with 
food intake may be more characteristic of 
peripheral cells in their metabolic properties 
than they are of brain tissue. For example, if 
they behaved like nervous tissue in their uptake of 
glucose they would be unable to signal impend- 
ing depletion of available carbohydrate since 
nervous tissue uses carbohydrate at a more 
or less constant rate regardless of whether the 
organism is starved or fed.*4 

Peripheral arteriovenous glucose differences 
appear to serve as better indexes of the availabil- 
ity of blood glucose to body tissues than either 
arterial or venous levels alone.!9 Large arterio- 
venous glucose differences, properly interpreted, 
correlate well with satiety; however, further 
confirmatory studies are needed before it can be 
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stated with assurance that such an association 
has etiologic significance. A correlation also has 
been described between small arteriovenous 
glucose differences and desire for food. (Fig. 1.)?! 

The hypothalamus is connected by neural 
pathways to the cerebral cortex; there are also 
efferent fibers which travel from the hypo- 
thalamus to the gastrointestinal tract. A connec- 
tion exists between the hypothalamus and the fat 
depots: the sympathetic nerves, which innervate 
adipose tissue, link with neurons originating in 
the hypothalamus.?* If the hypothalamus is 
visualized as subject to influences from the 
cerebral cortex as well as from the circulating 
blood and sensory nerves from the periphery, 
the importance of so-called psychosomatic fac- 
tors in the scheme of food intake regulation 
becomes intelligible. Stunkard?9 has shown that 
talk about food with patients cannot elicit 
gastric hunger contractions if active utilization of 
carbohydrate (as inferred from peripheral 
arteriovenous glucose differences) is taking 
place. Gastric hunger contractions can be 
elicited if peripheral arteriovenous glucose 
differences are small. On the other hand, certain 
emotionally disturbed patients, notably schizo- ' 
phrenics, will deny that they are hungry even 
when powerful gastric contractions are being 
recorded on the kymograph. Thus it would 
appear that physiologic and psychologic factors 
relating to food intake may interact at the 
diencephalic level, each exerting a modifying 
influence on the other. 

Energy Expenditure. Energy balance is a mat- 
ter of energy expenditure as well as of energy 
intake. Hence it is appropriate to mention briefly 
the role of activity in the genesis or prevention of 
obesity. Mayer?’ has shown that there is an 
enormous difference in spontaneous activity 
between hereditarily obese mice and non-obese 
control groups. The obese animals are practically 
inactive. However, this inactivity is not the 
result of extreme obesity but precedes it, as is 
shown by comparison of activity rates of non- 
obese animals and young pre-obese mice of the 
same weight. 

‘Thus it is possible to ascribe to this decrease in 
activity a role in etiology of the obesity which 
develops somewhat later. Indeed, from a 
thermodynamic standpoint the rate of fat 
accumulation of mature hereditarily obese mice 
is inexplicable unless the role of activity is taken 
into account. When hereditarily obese mice 
carry the “waltzing” gene and are in constant 
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rotary movement in their cages, they rarely. 


gain excessive weight. 

It has always been assumed that in normal 
animals food intake bears a constant relation- 
ship to activity. Although this is true within the 
normal “physiologic” limits of activity, there 
are situations in which activity is so great that 


GLUCOSE MGS 
27 


240 


210 


GASTRIC. CONTRACTIONS 







food intake lags behind and the subject con- 
cerned loses weight. A recent study has shown 
that, conversely, when activity is quite low, 
food intake tends to level off and will remain 
constant even while activity progressively de- 
creases.?® The result in this instance, of course, 
is weight gain. (Fig. 2.) 
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Fig. 1. Failure of intravenously administered glucose :o abolish gastric hunger 
contractions in a patient with uncontrolled diabetes mellitus (Stunkard and 


Wolff?!). 
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These observations suggest that in man an 
increasingly sedentary existence may not be 
accompanied by a proportionate decrease in 
food intake. It is possible that the slowly 
progressing mild obesity of middle age may be 
explained on this basis. 

Factors Influencing Fat Synthesis and Degradation. 
Metabolic obesity is considered to be primarily 
determined by the rate at which fat is formed or 
broken down. Of course, since injury to certain 
“regulatory” hypothalamic centers may affect 
metabolism, it is difficult to classify that form of 
experimental obesity in which injury to the 
hypothalamus is followed by a mixture of 
regulatory and metabolic abnormalities. 87° 

Fat deposition and mobilization are under 
three forms of control acting synergistically, 
namely, enzymatic, hormonal and nervous. (It 
is worth being reminded that hormones do not 
initiate events within cells but merely regulate 
the rate at which some of the events occur.) 

A major factor favoring fat mobilization and 
oxidation is lack of insulin. In diabetes mellitus 
and in the “diabetes” of carbohydrate starva- 
tion lipogenesis is greatly decreased and lipolysis 
is greatly accelerated. In order for glycolysis 
to continue, glucose must be able to enter cells. 
This it apparently cannot do readily without an 
effective supply of insulin. Moreover, the process 
of lipogenesis from 2-carbon fragments appears 
to depend upon glycolysis in that the energy 
needed for lipogenesis must be derived from the 
glycolytic process.?? 

Both in tissue slices and in intact animals it 
has been shown that the oxidation of longer 
chain fatty acics is strikingly influenced by 
carbohydrate. Geyer’? has shown that fasting 
accelerates the oxidation of palmitic acid by rat 
liver slices. Pyruvate added to the medium 
decreases significantly the palmitate oxidation 
by such slices. In the intact rat oxidation of 
palmitic acid and tripalmitin is increased by 
prior fasting of the animal and decreased by 
prior glucose administration. *! 

Cellular carbohydrate deficiency also is 
associated with increased secretion of hormonal 
factors which are believed to stimulate fat 
mobilization. A pituitary substance may act to 
increase the rate of lipolysis; how this is accom- 
plished is not clear.?* The adrenal cortex also 
influences fat mobilization, apparently by play- 
ing a “permissive” role.? It has also been 
reported that epinephrine secretion. and the 


integrity of the sympathetic nervous system are 
needed for effective mobilization of fat stores. 34-85 

When an adequate supply of insulin is avail- 
able to the organism, lipogenesis is not inhibited 
and may increase if an ''excess" of glucose is 
transferred into cells. Adipose tissue itself can 
synthesize fat. Shapiro and associates?9 have 
reported that adipose tissue in vitro will take up 
fatty acids from serum. Hausberger et al.?! have 
compared the relative abilities of liver and of 
adipose tissue to form fat by measuring rates of 
conversion of radioactive glucose to fatty acids 
and carbon dioxide by both tissues. T'hey demon- 
strated in normal animals that radioactive 
glucose is utilized for lipogenesis and is oxidized 
by liver and adipose tissue. By contrast, liver 
and adipose tissue of alloxan-diabetic rats are 
incapable of converting glucose carbon into 
fatty acids. Of particular interest is their finding 
that insulin administration im vivo restored 
hepatic and adipose tissue lipogenesis to normal 
levels and that continuation of insulin treatment 
promoted high levels of lipogenesis in both tis- 
sues. Administration of insulin to the alloxan- 
diabetic rats not only accelerated glucose 
metabolism to carbon dioxide and fat but also 
altered the channeling of energy so that much 
more fat was produced. 

When we speak of adipose tissue as being more 
or less metabolically inert it is because we do not 
take into account the large mass of triglyceride 
usually stored in the depots. If the large differ- 
ence between lipid. and protein content in liver 
and adipose tissue is taken into account it can 
be demonstrated that adipose tissue is far more 
active than liver both in oxidizing glucose and in 
converting glucose to fat." An excess of insulin 
has a more marked effect on lipogenesis in 
both tissues than upon glucose oxidation. 
Incidentally, the fact that more triglyceride is 
stored in the body in obesity does not mean 
that there is a larger amount of active adipose 
tissue. Hence the ability of the obese person to 
convert carbohydrate to fat should not be 
enhanced just because the quantity of fat stored 
in the adipose tissue is great. 

According to Levin and Farber** adrenal- 
ectomy will greatly inhibit or prevent the fat 
mobilization which otherwise follows fasting, 
anterlor pituitary extract administration or 
exposure to the appropriate stress. (Adrenal- 
ectomy also inhibits fat deposition.) If mice 
subjected to adrenalectomy are pre-treated 
with cortisone they can again mobilize their fat 
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in response to such trigger factors as APE, 
growth hormones and stress. 

Hausberger?? has shown that when the nerve 
connections supplying the symmetric inter- 
scapular fat body of the mouse are cut on one 
side only, an influx of glycogen and, in its wake, 
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in fat metabolism and an associated disorder of 
energy balance. This postulated relationship is 
indicated in Figure 3. 

Ordinarily carbohydrate and fat both serve 
as fuels for 2nergy expenditure in a proportion 
presumably determined by the amount of 





Fic. 3. Postulated relationship between energy requirements, cellular carbo- 


hydrate supply and food intake. 


an accumulation of fat can be observed withir. 
ten hours after denervation. The fat content ol 
the denervated side exceeds that of the control 
side in the normally fed as well as in the starved 
mouse. The denervated side can be depleted 
of fat only after long periods of hunger. As 
Wertheimer and Shapiro?? point out in their 
excellent review, normal innervation seems a 
requisite for the attainment of a dynamic 
equilibrium in fat tissue. ! 

It appears, then, that the factors which favcr 
lipogenesis are usually those which also favcr 
entry of glucose into cells. Presumably, insulia 
acts to increase lipogenesis by accelerating 
transfer of glucose into cells and not by an effect 
within the cell. By contrast, factors which act 
to exclude glucose from cells favor increasing 
fat mobilization and oxidation. 


Relation of Abnormalities in Fat Metabolism to | 


Regulation of Energy Balance. In order to rela:e 
abnormalities in synthesis and metabolism of 
fat to an over-all imbalance of energy intake ard 
energy expenditure, a mechanism capable bf 
mediating between energy expenditure ard 
food intake must be considered. Although such a 
regulator has not been delineated in a quantita- 
tive sense it appears that the concept of a **gluco- 
static? mechanism permits the gap to be 
bridged between an apparently primary disorder 
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carbohydrate available to peripheral cells. 
When, for example, the blood sugar falls to 
fasting levels or below, homeostatic mechanisms 
come into play which cut down drastically on the 
rate of peripheral glucose utilization, stimulate 
gluconeogenesis from protein, decrease lipo- 
genesis ard stimulate fat mobilization from 
the depots. Under such circumstances increasing 
amounts of fat are metabolized. 

Accordiag to the glucostatic theory desire for 
food is also a part of the complex homeostatic 
activity designed to protect the organism, nota- 
bly the central nervous system, against carbo- 
hydrate rivation. In theory, if available 
carbohydrate were shunted too rapidly to fat or 
if the fat cepots were unable to contribute their 
share of energy to metabolism, carbohydrate 
would be depleted at an abnormally rapid rate 
and food intake and fat stores would increase. 
In diabet:c-like states food intake is frequently 
increased but, since lipogenesis is impaired 
under such circumstances, fat is lost rather than 
gained. Maturally, when energy requirements 
are increzsed, as in exercise or hyperthyroidism, 
spontanecus food intake usually increases pro- 
portionately. However, in such instances lipo- 
genesis is curtailed somewhat and fat is readily 
utilized. 

Adolpk,!! writing of the mechanism which 
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governs the urge to eat, states that “the investi- 
gator gains the feeling that some complex of 
internal compositions intermittently drives the 
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hyperthyroidism and treatment with cortico- 
tropin and cortisone.® Finally, since maintenance 
of a certain minimal glucose level is absolutely 


animal to eat so that some resultant concentra- 
tion is kept just above or below a threshold 
value." The supply of carbohydrate within the 


indispensable to life, the body would be expected 
to ensure regular replenishment of its supply of 
carbohydrate from outside sources. 


TABLE mn 
*OLINICAL COMPARISON OF THREE FORMS OF EXPERIMENTAL OBESITY 





Hereditary Obesity- 
Diabetes Syndrome (mouse) 


Gold-Thioglucose-Induced Hypothalamic Obesity 


Variety of Obesity Obesity (mouse) (rat) 








mu 








Origin Recessive mendelian entity | Injection of LDse of gold Electrolytic lesions of 


s thioglucose ventromedial nuclei 
Adjustment to dietary | Relatively normal Abnormal Abnormal 
dilution 
Spontaneous activity Markedly diminished . Normal ?Normal 
Oxygen consumption In proportion to lean body | Follows surface law Normal 
mass, not body surface (splanchnomegaly occurs 
with obesity) 
Resistance to cold Poor Normal Normal 
Response to insulin Insulin resistant Normal Sometimes insulin sensitive 
Response to growth Marked hyperglycemia in | Normal Normal 
hormone response to growth 
hormone injection 
Blood glucose level Hyperglycemic after 8th Normal Lower than in controls 
(non-fasted) week 
Endocrine anatomy Increase in number and size | Normal Gonadal atrophy, renal 


of pancreatic islets 


Response to high fat diet | Loses weight 


cell seems to correspond well to Adolph’s 
postulated “complex of internal compositions." 
The supply of cellular carbohydrate depends 
upon the availability of blood glucose, and 
blood glucose is readily available to non- 
nervous cells only during periods cf relative 
hyperglycemia. Such intervals of hyperglycemia, 
in turn, ordinarily occur only after meals. A 
relationship between the rate carbohydrate is 
utilized and the energy requirements of the body 
has not been worked out. However, the rate of 
carbohydrate utilization seems to correspond 
better to the rate of energy expenditure than 
does the degree of S.D.A. obtained after a meal. 
Such a glucostatic theory explains better than 
the thermostatic theory the hyperphagia asso- 
ciated with uncontrolled diabetes mellitus, 


Obesity accelerated 


lesions 


Obesity accelerated 


If the normal relationship between energy 
requirements and cellular carbohydrate supply 
were disturbed by an appropriate metabolic 
disorder, it should be possible according to the 
glucostatic hypothesis, to predict that obesity 
will occur. A consideration of certain recent 
metabolic studies made on obese animals may _ 
serve to illustrate the prediction value of this 
hypothesis. 

Experimental Obesity. Three forms of experi- 
mental obesity have been carefully studied, 
hypothalamic obesity,9:?? gold thioglucose obes- 
ity**-4! and the hereditary obesity-hypergly- 
cemia syndrome in mice.5?^?9? These forms of 
experimental obesity cannot be discussed in 
detail in this presentation but certain of their 
clinical characteristics are compared in Table rn. 
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It is of particular interest, however, to deter- 
mine whether or not these forms of obesity 
can be understood in terms of some disordered 
mechanism or mechanisms. One of the first 
questions that might be asked about these 
three forms of obesity is whether they differ 
in terms of body composition. Bates and co- 
workers have shown that the iodine and 
saponification numbers of the triglycerides 
synthesized by the three groups of animals are 
similar to those of their non-obese controls. The 
total cholesterol content of the hereditarily 
obese animals is higher than it is in their controls. 
All of the obese animals display an increase in 
liver weight and, of course, in total fat content. 

When incorporation of labeled acetate into 


fatty acids is determined in the three forms af 


experimental obesity the metabolic differences 
between them are more clearly defined.*5 Foc 
example, hereditarily obese mice with slight 
caloric deficit retain much more dietary acetate 
as carcass fatty acids than do their siblinz 
controls. When hypothalamic hyperphagic rats 
and genetically obese mice are fed one-half the 
number of calories previously found necessary 
to maintain caloric equilibrium, they retain 
significantly more C14 from dietary radioacetate 
in carcass fat than do their controls. Gold thio- 
glucose obese mice in negative caloric balance 
retain the same amount of C! from labeled 
acetate as do their controls. Since the specific 
activity in the fat of the obese animals is the 
same as that in their controls, the increased 
retention of the label observed in the hyper- 
phagic rats and genetically obese mice cannot be 
regarded as a dilution phenomenon. 

The fact that there is a relatively increased 
retention of C!* from radioacetate during nega- 
tive caloric balance in the hypothalamic rat 
suggests that the operation has produced a 
profound alteration in the metabolic pattern. 
It is also of unusual interest that the genetica_ly 
obese mice continue to synthesize fat at an 
appreciable rate even during caloric restricticn, 
a circumstance associated with drastic dimiru- 
tion of lipogenesis from acetate in normal ani- 
mals. Such findings are consistent with the 
observations of Alonso and Maren® that geneti- 
cally obese mice underfed for six months, so that 
their body weight was 30 per cent less than that 
of their non-obese siblings, still contained several 
times as much fat as their controls.. 

Bates, Mayer and Nauss*® also have studied 
fatty acid turnover in the three forms of obesity 
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under consideration. Radioactive carboxyl 
labeled palmitic acid was used as the tracer and 
the average amount of fat mobilized during 
the experimental period was calculated by 
measuring the decline in isotope content of 
carcass fat with time. If the means of the 


‘TABLE ri 
CALCULATED ORIGIN OF INCREASED FAT CONTENT IN THREE 
FORMS OF EXPERIMENTAL OBESITY" 





O-H | G.T.G. | Hypo- 
Rates Obese! Obese | thalamic 
Mice Rats 
Expected rate of fat 
Accumulation per day 
(T P— E 18 T 019 
Actual rate *g)........... 18 1.76 
Synthesis rate 
(per cent of control).... 100 154 
Mobilization rate 
(per cent of control). ... 60 5 


* Bates, Mayer and Nauss. fé 


amount o? fat mobilized daily are assumed to 
be fairly 2ccurate, it is possible to calculate the 
per cent of fat gain that is due to decreased 
mobilization and that due to increased synthesis 
(Table m). Such calculations suggest that the 
fat accumulated by the gold thioglucose-obese 
animals can be accounted for to some extent by 
decreased mobilization, while the fat accum- 
ulated by the obese-hyperglycemic mice appears 
to result about equally from decreased mobil- 
ization and increased synthesis. The hypo- 
thalamic rats show a remarkable decrease in fat 
mobilization. 

It is worth pointing out that one of the strong 
arguments against the “‘lipophilia” explanation 
of obesity has been the fact that adipose tissue 
cells of obese persons do not appear to resist 
mobilization of fat during undernutrition. A 
number of nitrogen balance studies have 
indicated that obese persons utilize their own fat 
as readily as do non-obese individuals.* For 
this reason it would be premature to interpret 
human obesity in terms of the metabolic 
behavior -of experimentally obese animals. 
Nevertheless, these preliminary observations on 


fat metabolism in three forms of experimental 


obesity appear to illustrate several of the postu- 
lated metabolic disorders which it was predicted 
could result in obesity. 
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To summarize, an attempt has been made to 
view obesity as an end product fcr which a 
number of disorders, each affecting energy 
balance in its own way, might be responsible. A 
tentative classification of ‘‘obesities” in terms of 
etiologic mechanisms is proposed. Such dis- 
orders appear to fall into two broad categories, 
those affecting primarily the regulation of 
energy balance (regulatory obesity), and those 
affecting primarily the intermediary metabolism 
of foodstuffs and fat turnover, and secondari y 
energy balance (metabolic obesity). 

It is believed that the “‘glucostatic” theory 
of food intake regulation is of considerab.e 
heuristic value in approaching the vast, com- 
plex problem of human and experimental 
obesity. Although this theory cannot be re- 
garded as established at the present time, :t 
appears to account more satisfactorily thaa 
other contending formulations for the cyclic 
nature of hunger and satiety on the one hand 
and the conditioning effect of energy require- 
ments upon the urge to eat on the other. 

Lastly, metabolic studies on fat metabolism 
in three forms of experimental obesity have been 
described in support of the view that the etiologv 
of obesity can be multiple and that the unitarv 
concept of obesity in man as a simple matter of 
overeating requires critical re-examination. 

Dr. Taccart: We should like to turn our 
attention now to certain of the basic principles 
in the clinical management of obesity. I know 
of no more challenging problem for the prac- 
titioner of medicine. Our writer, Cvril Con- 
nolly, has said that, “Imprisoned in every fat 
man a thin one is wildly signalling to be let out." 
Unfortunately, when the obese patient is con- 
fronted with a suitable regimen for weight reduc- 
tion, the thin man inside too often begins to 
. signal less and less frantically. I hope that 
Dr. Sidney Werner will tell us, if he can, how 
this problem can be managed least painfully. 

Dr. SipxEev C. WERNER: The success of the 
long-term treatment of obesity is apt to be slight. 
Nevertheless, the results often are enough to 
encourage further efforts. Any treatment must 
follow the usual principles either of trying to 
attack the cause of the disorder or of rectifying, 
if possible, some resulting physiologic abnormal- 
ity. This discussion will not include those situa- 
tions in which an evident physiologic disorder is 
the cause of obesity, such as hyperadrenocorti- 
cism, adenoma of the pancreas and hyporhalamic 
injuries. 


Some years ago Dr. Hilde Bruch, at the 
Babies Hospital in New York, became inter- 
ested in the problem of the etiology of obesity : 
and was especially struck by the parental 
relationship that existed between the mother 
and the obese child which, she concluded, led 
to the child's overeating. In short, the increase 
in appetite was based not upon a need for food 
but upon the fact that the child responded to 
emotional upset by eating. In the majority of 
obese people observed at the clinic it was be- 
lieved that this emotional origin was more often 
the cause of their overeating than was any 
physical defect. There are many pathways by 
which emotional overflow can result in an in- 
creased appetite. 

Dietary restriction, that is decreasing caloric 
intake in relation to caloric output, has been 
the fundamental principle behind therapy for 
obesity. The work of Dr. Newburgh many years 
ago showed clearly that reduction in caloric 
intake below the body's needs inevitably leads 
to weight loss. Unfortunately, upon the institu- 
tion.of starvation (which is what such caloric 
reduction really means) there is a corresponding 
reduction in the rate of basal metabolism. 
With reduction to levels as low as — 30 per cent, 
what was originally a low calorie diet may soon 
become a maintenance one. 

It is also well to bear in mind that certain 
small individuals have basal metabolism require- 
ments which are not much greater than 1,200 or 
1,400 calories, so that 1,200 calories may be far 
from a low calorie diet. Most people like to feel 
satisfied after having eaten. A low caloric diet 
does not have a large bulk so that those placed 
on such a regimen are likely to feel disturbed 
and hungry. 

Attempts have been made to tackle the prob- 
lem of weight reduction by increasing heat loss. 
High protein diets have been used for this 
purpose on the assumption that specific dynamic 
action can be increased and hence the patient 
can be made to expend more energy. It can be 
said from personal experience with several pa- 
tients in the metabolism ward that the amount 
of weight loss produced by a 200 gm. protein 
diet is insignificant, and I do not feel that this 
regimen is a very successful one. 

The use of a high fat diet has also been recom- 
mended by Pennington. The theory was partly 
suggested to him by the work of Mayer and his 
associates, and held as its essential principle that 
fat introduced into the metabolic mixture will 
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be burned without being involved in the 
metabolism of glucose. This hypothesis is open 
to criticism since it is almost certain that excess 
of fat can cause fat deposition without the need 
of fat entering the Krebs cycle. However, the 
practical fact is that when one administers a 
high fat diet, some patients lose weight. This 
has been borne out in our experience and, of 
course, one wonders why. Have the laws of 
thermodynamics been disproved? 

If fat was burned and not utilized for anabo- 
lism, a large heat output from the body with a 
high fat diet could explain how a patient would 
fail to gain or would actually lose weight. How- 
ever, the work of Newburgh many years agc 
showed clearly that, although obese people dc 
have an increased heat output, it is not out o? 
proportion to their increased body mass. Thus 
there is no evidence that obese people eliminate 
excess heat indicating excessive catabolism oz 
fat. 

In order to pursue further the question o? 
why some people lose on a high fat diet con- 
` taining as much as 2,800 calories, patients were 
admitted to the metabolism ward for study. 
I will show the results and some of the difficul- 
ties in such a study. | 

The first patient showed an abrupt loss in 
weight when placed on the diet originated by 
Dr. Pennington. He then lost less weight on 
an isocaloric high carbohydrate diet and had 
another drop in weight on a second trial of the 
Pennington regimen. Unfortunately, however, 
this patient developed diarrhea on the higa 
fat diet. 

The second patient maintained weight witn 
the high fat diet, then increased her weight on 
the standard diet. However, it is well known 
that in the shift from a high fat to a high carbo- 
hydrate diet there is retention of salt and wate-. 
Thus it became evident that fluid, sodium and 
potassium balances had to be determined in 
order to give meaning to the experiment. 

This was done with a third patient who 
showed a slight decline in weight under the 
influence of the Pennington regimen. There 
was sufficient shift in her sodium and water 
balance to make it seem likely that that was 
all that was happening. 

Similarly, a fourth patient developed sligat 
weight loss on the high fat regimen, accounted 
for largely as loss of: salt and water. I shou.d 
mention that the last two patients, who had 
been amenorrheic for at least six months or a 
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year, started menstruating two days after the 
baseline diet period was completed and the 
Pennington diet begun. As you know, salt and 
water are retained just before menstruation and 
are subsequently lost. : 

The last two patients show clearly what 
happens with a 2,800 calorie high fat, low 
carbohydrate diet and with a diet of isocaloric 
content high in carbohydrate and low in fat. 
In these two men there was virtually no differ- 
ence in the loss of weight between the two diets. 

To discuss a different type of approach, the 
use of a low salt diet in dietotherapy has been 
recommended. Essentially, I think, its value lies 
only in decreasing the palatability of the diet. 

Still ano:her approach has been the effort to 
influence appetite adversely. The analeptic 
agents, such as benzedrine? and dexedrine,? 
have been used. It is probable that these agents 
are effective but they soon lose their efficacy 
and, at a time of emotional upset, they are little 
protection against the urge to eat. 

Just as glucose given intravenously decreases 
appetite, amino acids, particularly glutamic 
acid, given intravenously have a very potent 
anorexigenic action. Por that reason a series 
of products containing amino acids for oral use 
have appeared on the market. We were asked 
to appraise one of these products and set up an 
experiment in which there were three regimens: 
(1) the particular preparation with added 
amino acid; (2) a placebo; and (3) adhering 
only to the instructions accompanying the 
preparation advising the patient to limit diet, eat 
lettuce, bulky foods, and so on. It was interesting 
to see that by following the last regimen the 
patients lost somewhat more than with either 
the placebo or the amino acid preparation in 
question. 

Finally, several preparations have been 
introduced which are designed to dull the sense 
of taste. As Dr. Van Itallie has just pointed out, 
these are not very rewarding. 

Attempts to provide psychotherapy, when 
an emotional derangement is the cause of the 
obesity, suffer from several handicaps. For one, 
there appears to be an age limit beyond which 
psychotherapy has little value. In fact Dr. 
Richardson at the New York Hospital made a 
careful psychoanalytic survey of several patients 
and concluded that after a certain age the 
protection provided by the obesity is so necessary 
to the individual that it is dangerous to attempt 
psychotherapy or too vigorous weight reduction. 
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At any rate, intensive psychotherapy is not 
economically feasible for most people. However, 
mild psychotherapy through the patient's 
own doctor is extremely valuable ard is readily 
available. The fact that a doctor sees an obese 
patient and doesn't look repelled or disappointed 
is often in itself psychotherapeutic. These obese 
people who are somewhat dependent often 
do better in the hands of a sympathetic 
physician than when consulting one who has 
no interest in the problem. 

There are several drugs designed to stimulate 
the basal metabolic rate which should be 
mentioned. Dinitrophenol we all know to be so 
toxic that its use can never be recommended. 
As for the use of thyroid gland preparations, 
many studies have shown that unless toxic 
doses are used the patient's own thyroid gland 
has a remarkable capacity to decrease its func- 
tion in proportion to the amount of thyroid 
administered. Thus very little is accomplished 
except for a week or two. 

Exercise is of little avail in weight reduction 
since the human body can do considerable work 
on a small amount of food. To reduce weight 
by exercise in the way Dr. Van Itallie’s rats did 
leads ultimately, as it did in them, to exhaustion. 
Moreover, many people after exercise eat more 
than enough to make up for the calories ex- 
pended in this way. 

Massage is even more futile and there is no 
evidence that increasing local circulation in this 
way mobilizes fat depots. 

Dn. TAcGAnT: Thank you, Dr. Werner. That 
completes the formal part of the program. We 
have allowed time for discussion, and I am 
happy to see that we have with us this morning 
Dr. Hilde Bruch and Dr. Albert J. Stunkard. 

There was one point in therapy which was 
not mentioned and concerning which I think 
Dr. Van Itallie has some information, that is, 
the use of hydrophilic colloids. — 

Dr. Van ITALLIE: We have recently com- 
pleted a clinical study involving comparison 
of the anorexigenic effects of a hydrophilic 
colloid preparation and a preparation con- 
taining amphetamine. Approximately sixty 
obese patients who are being observed in our 
Nutrition Clinic served as subjects. Alternate 
patients received tablets identical in appear- 
ance to be taken three times per day before 
meals. One tablet contained 200 mg. of car- 
boxymethylcellulose, the other 200 mg. of 
carboxymethylcellulose plus 10 mg. of am- 


phetamine. In all other respects the patients 
were treated in the same way. 

For the first six weeks the patients given the 
preparation containing amphetamine lost an 
average of 0.77 lb./week. For the entire thirty- 
weck period of study the same group (which 
diminished in number as well as in weight as 
time passed) lost an average of 0.55 1b. /week. 
The patients on colloid alone lost an average of 
0.15 Ib./week for the first six weeks. For the 
entire thirty weeks their weight loss averaged 
0.10 Ib./week. The differences between the 
means of the two groups were statistically sig- 
nificant. Moreover, when another group of 
patients was switched from the colloid to the 
tablet containing amphetamine without their 
knowledge a statistically significant increase in 
weight loss followed. Another control series of 
thirty-five patients who had been seen in the 
clinic on another occasion and who had re- 
ceived no medication lost slightly less weight 
on the average than the group treated with 
amphetamine (0.43 Ib./week over a thirty-six 
week period). 

These results indicate that the colloid prepa- 


` ration in the quantities prescribed was of no 


value and may have interfered with the reducing 
regimen by providing the patient with some- 
thing he thought was a crutch. By contrast the 
amphetamine seemed to have a definite anorexi- 
genic effect, particularly during the first six 
weeks of therapy. However, the results obtained 
in the second control group receiving no medi- 
cation at all suggest that amphetamine is of 
limited value in the management of obesity. It 
is no substitute for sympathetic supervision by 
the physician but it may be temporarily helpful 
if used in conjunction with such supervision. 

Mr. FRED Katz: Why does basal metabolism 
go down during fasting? 

Dr. WERNER: That is an interesting question. 
Efforts to study thyroid function under condi- 
tions of starvation suggest that the thyroid 
remains more or less intact. However, it is quite 
interesting that corticosterone in thyroidecto- 
mized patients will increase the metabolic rate 
quite sharply. There is a recent paper about a 
growth hormone describing a non-specific 
increase in the metabolic rate not mediated 
through the thyroid. If one developed an 
adaptation to starvation through the adrenal or 
the pituitary, one could quite readily have an 
extrathyroid decrease in metabolic rate. 

Mr. Byron Hanniw: Is there any evidence 
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that thyroid substance could overcome the 
effect of that decreased rate? 

Dr. WERNER: Well, not so far. 

Mr. PETER Row ey: Querido claimed that 
in two groups of rats on isocaloric diets, one 
group getting all their food at one time and 
the other having it spread throughout the day, 
different rates of fat accumulation resulted. 
The group receiving the single massive meal 
showed a definite gain of weight over those 
who received the food over the course of the 
day. Is that true? 

Dr. WERNER: That is quite true. Perhaps it is 
a matter of specific dynamic action. There is 
evidence to indicate that the flare-up three 
times daily in specific dynamic action is greater 
than that with the same amount of food given 
in a single meal. Is that your impression, 
Dr. Van Itallie? 

Dr. Van ITALLIE: I think that is partly the 
explanation. Brobeck and 'lepperman were 
able to demonstrate a similar rapid rate of fat 
accumulation when they were trying to explain 
the remarkably high respiratory quotients 
exhibited by hypothalamic animals after inges- 
tion of food. They fed normal rats a full day’s 
ration within a two-hour period and observed 
that animals trained to eat in this manner 
developed an extraordinary ability to convert 
ingested carbohydrate and, presumably, protein 
to fat. I assume that these particular animals 
converted an equivalent quantity of fat into 
energy later in the day. However, had they 
been allowed to eat another meal some hours 
hence, obesity might well have ensued. 

Dr. TAGGART: Quantitatively, how impor- 
tant a factor is specific dynamic action? 

Dr. WERNER: I think it is about 6 to 10 per 
cent of the energy requirement. 

Dr. Van ITrALLm: Protein alone is about 
10 per cent. The lower figure occurs with a 
mixed diet. | 

Dr. ‘Taccart: I was surprised to hear the 
thermostatic theory revived. Is this not really 
another version of the old *Iuxuskonsumption" 
advocated many years ago, namely, that heat 
production could .increase, fari passu, with 
caloric intake? I thought Newburgh answerec 
that when he told of putting an individual on < 
3,500 calorie diet with a resultant heat produc- 
tion of some 2,900 calories per day. When the 
caloric intake was increased to 5,000 calories a 
day, heat production went from 2,900 to abou: 
3,000 calories. 
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Dr. R. J. Gross: May I ask about the gluco- 
static theory? It was suggested that the level of 
glucose within the cells might be responsible 
for appetite. I have wondered if it might not 
be some breakdown product of glucose rather 
than glucose itself, pyruvate, for example, or 
something of that sort. 

Dr. Van ITrALLIE: The only evidence I know 
of is the previously cited work of Larsson and 
Forssberge. You will recall that they demon- 
strated a preferential uptake of radiophosphate 
by hypothalamic tissue in the area of the 
"feeding" center when the rats under study 
fasted. We know that phosphate enters cells 
with glucose in many instances; therefore, the 
supply of phosphate to the cell might be crucial. 
I think that whatever the crucial reaction is, 
whether it involves some breakdown product of 
glucose, high energy phosphate bonds, intra- 
cellular potassium or something else, the pro- 
ponents of the glucostatic theory tie it to the 
carbohydrate supply. Thus the availabibty of 
carbohydrate to the postulated glucoreceptor is 
seen as the limiting factor regardless of the 
events which take place after the glucose has 
entered the receptor cell. All this, of course, is 
highly theoretical and speculative. 

Dn. Taccart: Dr. Bruch, I would like to ask 
you a loaded question. We have devoted most 
of our time today to a consideration of physio- 
logic and biochemical factors which may oper- 
ate in the deposition and mobilization of fat. 
Would you care to tell us how important you 
believe these factors to be in comparison with 
the psychological factors which operate in a 
great many cases? 

Dr. HirpE Bruca: You certainly are loading 
the question by putting it as an either/or propo- 
sition. I think the psychological factors are ter- 
ribly important. Their historical development 
is of interest. In my first studies on obesity I 
reviewed the literature and ran across all the 
different ideas. I felt that they made sense for a 
psychosomatic approach but that we did not 
have sufficient data on the metabolic aspects. 
Therefore, my answer to your question is that 
the basic physiologic facts are so important 
that I can think of no better way of progressing 
in this problem. 

But these discoveries have nothing to do with 
the answer to the second part of your question. 
The psychological problems are also important. 
It is fairer in our approach to patients not to 
deal with these problems as mutually exclusive. 
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Dr. Van Itallie separated them as two different 
forms in his classification. According to my 
way of thinking, they are interrelated and are 
not two separate problems. 

lhe best part of the new work will be its 
application to the management of obesity. This 
new knowledge lifts the approach out of the 
realm of the ridiculing, the moralizing and the 
condemning that has so often characterized 
the attitude toward fat people. It permits a 
more positive approach to these patients so 
that they will be treated with the respect they 
deserve. 

Dn. Rosert F. Loss: Is it fair to say, regard- 
less of what group of factors play what relative 
roles, that we still have to reduce the number 
of calories (1) below the patient's appetite and 
(2) to a point where he actually loses weigat? 
From the point of view of the physician, I think 
the most important thing in the management 
of these patients is to let them know that we 
know it is as difficult for them to reduce thzir 
caloric intake to the point of negative nitrogen 
balance as it would be for the rest of us who are 
not obese to go on a starvation regimen month 
in and month out, year in and year out. If this 
is brought to the attention of the patent I thiak 
we are doing a great deal toward helping hmm 
with his own problem. He must be Eelped. 

Dr. Bruca: I would go one step further and 
raise the fundamental question of whether it is 
really good medicine to approach the weigat 
problem directly. Again, I refer to follow-up 
studies. I have seen many patients who, if 
the weight they had lost over twenty years was 
added up, should have disappeared; yet there 
they are very much in existence. All this effort, 
self-restraint and self-denial are completely 
wasted. It seems that many fat young people go 
back to their previous weight (or a bit highe-) 
after efforts at reducing. This is in agreement 
with the observations that have been made on 
starvation. If after a starvation experiment the 
body has gained complete restitution, the drive 
for excess eating persists for some time. It seems 
to me that Dr. Loeb's approach is the correct 
. one. One should let the patient know that he 
will react to starvation like any normal persor.. 
This is one clue to the puzzle that many fat 
people, after an unjustified reducing regimer, 
will become even heavier. They react exactly 
like normal people after starvation. They con- 
tinue overeating. 

Dr. ALBERT J. STUNKARD: There is anothe- 


question I would like to ask in regard to the 
selection of patients who are dieting. An occa- 
sional patient is observed who, if placed on a 
diet, becomes seriously disturbed or psychotic. 
I wonder if Dr. Bruch might make some remarks 
in regard to the selection of patients? 

Dr. BRucH: That is the point Dr. Werner 
mentioned, that Dr. Richardson had made 
certain observations on the development of 
neurotic symptoms in fat people. Dr. Richard- 
son studied patients who were somewhat ad- 
vanced in years. My observations have been 
made cbiefly on adolescents, and it seems to me 
that they as a group are even more fragile in 
their total adjustment. When one approaches 
their problem by forcing them to lose weight, 
they are apt to develop serious mental symp- 
toms. The fact that they are fat suggests that 
their life adjustment was poor at the start. They 
have been persecuted for being too heavy and 
feel rejected as people. The weight becomes an 
issue in a precarious mental balance. Enforced 
reducing is an attack on their security and may 
lead to psychotic reaction, that is, to a frank 
schizophrenic episode. In this group of patients 
I have also seen benzedrine addiction or, more 
correctly, something that has a delusional char- 
acter. It is unlike addiction in which a patient 
feels physiologically tied to a drug. The delu- 
sional aspect is the conviction that “‘without 
these pills, I cannot function any more." 


SUMMARY 


Dr. GILBERT H. Mupce: Obesity is a condi- 
tion which constitutes a serious public health 
problem because of the frequency and severity 
of its associated complications. Ín today's 
clinic, obesity has been considered in terms of 
physiological and biochemical mechanisms as 
well as in terms of the therapeutic procedures 
available to the clinician. 

The physiological mechanisms may be di- 
vided into those primarily associated with total 
energy balance of the organism and those 
primariy related to disturbances of inter- 
mediary metabolism. The problem of food in- 
take has been discussed in terms of the control 
of appetite by discrete functions of the central 
nervous system. The prevailing theories of the 
physiological basis of satiety have been reviewed. 
Hypothalamic centers, which are probably 
sensitive to glucose or other related metabolites, 
have been described. The function of these 
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centers has been analyzed in terms of the gluco- 
static theory of appetite control. 

The metabolism of fat is regulated by enzy- 
matic, hormonal and neural factors, and these 
are briefly reviewed. Adipose tissue itself has 
been found to have a surprisingly active metabo- 
lism. Three types of experimental obesity are 
discussed in terms of disturbances of specific 
metabolic reactions. These demonstrate the 
possibility that, from a metabolic point of view, 
obesity may be considered in terms of multiple 
etiologic factors. 

In considering the various forms of therapy 
it is concluded that dietary restriction of caloric 
intake must still be considered the major com- 
ponent of any therapeutic program for obese 
persons. Psychiatric factors are frequently found 
to be responsible for the discrepancy between 
appetite and energy expenditure which results 
in clinical obesity. It is therefore emphasized 
that the advisability of weight reduction must 
be carefully evaluated in relation to the emo- 
tional problems presented by each individual 
patient. 
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Clinico-pathologic Conference 





Right-sided Heart Failure Occurring during 


Successive Pregnancies, Polycythemia and 


Sudden Peripheral Vascular Collapse 


S| reports, edited by Albert I. Mendeloff, m.p. and David E. Smith, m.p. 

of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals, are 
published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine and Pathology of the Washington 
University School of Medicine and by Junior and Senior medical students. 


HIS twenty-seven year old white house- 

| wife (No. 237929) was admitted to the 

Barnes Hospital on two occasions in the 

four months prior to her death. Her first admis- 
sion was on May 27, 1954. 

The patient had been in good health until 
twenty-four months before admission wLben 
she noted mild dyspnea on exertion during the 
third month of her second pregnancy. Shortly 
thereafter her ankles became swollen to a mild 
- degree. These symptoms did not progress, how- 
ever, and she had no further difficulty before or 
after delivery. Six months later she developed 
the same symptoms of dyspnea and ankle edema 
during the fourth month of her third pregnancy. 
Subsequently she became easily fatigued, gained 
weight slowly, and was delivered of a premature 
infant after seven months’ gestation. 

Her general health improved slightly after 
delivery until six months before the next 
admission, when she consulted her physician 
because of a recurrence of ankle edema. She was 
told that she had a “goiter” and an “enlarged 
heart.” She was treated with digitalis and 
Lugol’s solution, 15 drops per day, which 
resulted in moderate improvement. Four months 
before admission she discontinued the medica- 
tions without consulting her physician. One 
month later she began to experience attacks 
of palpitation due to the sudden onset of rapid 
heart action followed by an abrupt disappea-- 
ance of this symptom. Three months before 
admission her legs became progressively large-, 
eventually becoming swollen above the knees. 
During this time she was moderately dyspneic 
but not orthopneic. Two weeks before admission 


her abdomen became markedly swollen, and 
she again consulted her physician. At this time 
she was redigitalized, placed on a low salt diet 
and given intravenous injections which resulted 
in rapid loss of the edema. A week before admis- 
sion she noticed that her fingernails had become 
a dark blue, and she complained of a “tight 
feeling" in her chest. She was immediately 
hospitalized and given oxygen which resulted in 
subsequent clearing of the cyanosis. While in the 
hospital she was again given Lugol’s solution, 
10 drops per day. When after five days she 
failed to improve she was transferred to the 
Barnes Hospital. 

The past history revealed that the patient had 
been the product of a normal delivery. There 
had been no cyanosis at birth, no known con- 
genital defects, nor any unusual or severe disease 
during childhood and adolescence. Seven years 
before admission she had consulted a physician 
because of dysmenorrhea which was ascribed to 
a “tilted womb." At that time she was told that 
she had an “enlarged heart” and “palpitation 
of the heart,” although she had not noticed any 
cardiorespiratory symptoms. The condition of 
the patient’s mother, age sixty-three, had 
recently been diagnosed as “‘rheumatic heart 
disease.” One sister had had a “toxic goiter” 
removed at Barnes Hospital. 

-The personal and social history were not 
contributory. 

Physical examination at the time of admis- 
sion revealed the patient's temperature to be 
37.6°c.; respirations, 16; pulse, 120, and blood 
pressure 98/68. She weighed 84 pounds. The 
patient was a well developed, small, chronically 
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ill white woman in no acute distress. The skin 
was warm and slightly moist and there was no 
evidence of cyanosis. There was no significant 
lymphadenopathy. An acute chalazion of the 
right upper eyelid with erythema, swelling and 
tenderness, especially of the lateral portion, was 
noted. No proptosis of the eye or drooping of the 
lid was encountered. The optic fundi were nor- 
mal. Further examination of the head and 
neck revealed only an asymmetrical goiter with 
the left lobe and isthmus enlarged to twice nor- 
mal size. The lungs were not remarkable. 
Examination of the heart revealed a point of 
maximum impulse in the fifth intercostal space 
at the mid-clavicular line. On percussion the 
left border of cardiac dullness was encountered 
at the anterior axillary line. The cardiac rate 
was rapid; the rhythm was regular. A proto- 
diastolic gallop rhythm was heard over the 
cardiac apex. A grade 1, low pitched murmur 
was heard in middle and late diastole over the 
cardiac apex in the anterior axillary line, and a 
soft grade 1 systolic murmur was noted along the 
left sternal border. ‘The first heart sound at the 
cardiac apex was not accentuated. The second 
heart sound over the pulmonic area was 
increased in intensity. Examination of the 
abdomen revealed no abnormalities except for a 
firm liver edge palpable two fingerbreadths 
below the right costal margin. Only a trace of 
ankle edema was present. Results of the neuro- 
logic examination were within normal limits. 
The laboratory data were as follows: hemo- 
globin, 20 gm. per cent; red blood cells, 6,500,- 
000; white blood cells, 8,500; differential, 
normal. Urinalysis, specific gravity, 1.017; pH 
5.0; protein, 1 plus; sugar, negative results; 
centrifuged sediment: 8 to 10 white blood cells 
and 1 to 3 red blood cells per high power 
field. Stool guaiac test gave negative results. 
Blood cardiolipin, negative results. Blood chem- 
istry: non-protein nitrogen, 27 mg. per cent; 
total proteins, 7.0 gm. per cent; albumin, 4.0 gm. 
per cent; sodium, 145.9 mEq./L.; potassium, 
4.7 mEq./L.; carbon dioxide combining power, 
24.2 mM/L.; protein-bound iodine, 11.4 ug. 
per cent. Electrocardiogram: right ventricular 
enlargement; sinus tachycardia; auricular en- 
largement; digitalis effect. Roentgenogram of 
the chest: cardiac enlargement, left auricular 
and right ventricular; pectus deformity. Venous 
pressure, 240 mm. of saline. Antistreptolysir 
“0” titre, 250 units. C-reactive protein, 3 plus. 
Throat culture: moderate growth alpha strepto- 
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cocci; few pneumococci. Blood culture, no 
growth. Basal metabolic rate, —3 per cent. 

The patient's course in the hospital was un- 
eventful. À therapeutic regimen was maintained 
consisting of a low salt diet and digitalis leaf in 
maintenance dosage by mouth. She remained 
afebrile anc free of respiratory distress. T'he 
chalazion of the right eye responded promptly 
to the local application of bacitracin ointment. 
During hospitalization many cardiopulmonary 
diagnoses w2re suggested. On June 7, 1954 the 
patient was subjected to cardiac catheterization. 
The results were as follows: 











Blood das 
Oxygen | Pressure 
Source Oxygen Satura- | (mm. ` 
Content Mn Hg) 
(vol. 92) (95) 
Pulmonary artery. ...... 11.96 57.3 80/45 
Right ventricle (high)....| 12.77 61.2 | 80/0 
Right ventrick (low)..... 11.82 56.8 
Right auricle. .......... 11.84 56.9 
Superior vena cava...... 10.99 52.5 


Pulmonary capillary pressure was 9 mm. of 
mercury. Simultaneous arterial oxygen satura- 
tions from the brachial and femoral arteries 
each yielded values of 98 per cent. The results 
of these studies were interpreted as follows: 
“Mitral stenosis is very unlikely. There is 
pulmonary hypertension. There is no evi- 
dence of a left to right shunt." The patient was 
discharged on June 15, 1954. 

On September 16, 1954 the patient was 
brought to the emergency room in extremis. 
She had bezn seen a week before in the cardiac 
clinic and zeemed to be doing well. Her poly- 
cythemia was again noted, and plans had been 
made to r2hospitalize her soon to study the 
cause of the increased red cell production. The 
day. before admission it was noted that her face 
and neck had begun to swell. Shortly thereafter 
she became nauseated, complained of palpita- 
tion, vomited, and retched frequently. She 
became very apprehensive and quite restless. 
She was taken to her local physician who advised 
that she be brought immediately to this hospital. 

Physical examination on admission revealed 
her temperature to be 37.0?c., respirations, 30, 
and pulse, 130. The blood pressure reading was 
unobtainable. The patient appeared very ill and 
was obtunced. The skin was ashen gray in color, 
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cool and moist. The lips were cvanotic. The 
head and neck revealed no change from the 
previous examination except for the neck veins, 
which were distended. The lungs were not 
remarkable. Examination of the heart revealed 
a forceful point of maximum impulse just to the 
left of the mid-clavicular line. The cardiac 
rhythm was regular, and a protodiastolic gallop 
rhythm was heard at the cardiac apex. No 
peripheral arterial pulsations were palpated 
except over the femoral arteries bilaterally. 
The edge of the liver was palpable four finger- 
breadths below the right costal margin. A mild 
degree of pitting edema of the thighs and sacrum 
was present. Neurologic examination was not 
remarkable. 

The laboratory data were as foliows: hemo- 
globin, 18.5 gm. per cent; white blood cells, 
13,950; differential: stabs 6 per cent; segmented 
forms, 83 per cent; lymphocytes, 8 per cent; 
monocytes, 3 per cent. The electrocardiogram 
revealed no change from the previous record. 

Within two hours after arrival in the emer- 
gency room the patient expired. During that 
period she remained dyspneic, restless, cyanotic, 
and in a state of vascular collapse. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This case today is 
one that excited a good deal of interest on the 
wards. The patient was a young woman of 
twenty-seven. Past history was non-contribu- 
tory. She began to suffer from signs of cardiac 
decompensation during her second pregnancy 
twenty-four months before her death. She 
recovered from this with the birth of her child. 
The third pregnancy came some six months 
after the second and was again cbaracterized 
by cardiac failure. After the delivery of her 
premature child she recovered partially but the 
last six months of her life were made miserable 
by progressive cardiac failure. The one note- 
worthy aspect of her history is that a: the age of 
twenty, during an incidental illness, she was told 
that her heart was large, although she had no 
symptoms. Furthermore, in the last year or two 
of her life a goiter was discovered. Presumably it 
was a toxic goiter for which she was given 
Lugol’s solution. On her first admission the 
physical signs, aside from the goiter, were 
entirely referable to her cardiac embarrassment. 
She exhibited a high venous pressure, ac- 
centuated pulmonary second sound, an enlarged 
right ventricle by x-ray, and electrocardio- 


graphic evidence of enlargement of the right 
auricle.. She was not cyanotic, which is an 
important observation. The only significant 
laboratory observation was a considerably 
increased red blood cell count. She became 
compensated during this first admission and did 
well for the three months after she returned 
home. She then came in again and died rather 
suddenly. Now may we see the x-ray films? 

Dn. WirLIAM B. SEAMAN: Conventional x-rays 
of the chest were taken on the day following 
hospital admission. A deformity of the thoracic 
cage and a depression of the sternum, the so- 
called pectus deformity, were noted, which is 
important to consider in evaluating the cardiac 
size because the thoracic cage deformity does 
tend to displace and rotate the heart, complicat- 
ing the problem of chamber analysis when 
cardiac enlargement exists. The heart was 
obviously enlarged, the apex extending to the 
sixth anterior interspace a few centimeters 
lateral to the left mid-clavicular line. Usually 
this is considered to be evidence of left ventricu- 
lar enlargement; however, there was definite 
right ventricular enlargement. In the presence 
of enlargement of the right ventricle it is difficult 
to determine radiographically whether there is 
left ventricular enlargement as well. Films 
made during barium swallow did not present 
very good evidence for left auricular enlarge- 
ment. Prominence in the region of the main 
trunk of the pulmonary artery was also noted, 
suggesting that this artery may have been a 
little dilated. The lung fields were of particular 
interest in this case since the vessels were cer- 
tainly normal in size, perhaps even a little less 
than normal. We had no radiographic evidence 
of pulmonary hypertension, even though it was 
present clinically. It is true that we have had 
cases of true pulmonary hypertension in which 
the vessels were not large; the explanation for 
this I do not know. There was also a film taken 
at the time of cardiac catheterization which 
suggested a tremendous enlargement of the 
right ventricular cavity, thus tending to confirm 
our impression of the conventional films. 

DR. ALEXANDER: There are two points, Dr. 
Seaman, that puzzled us. It was very difficult, 
without being somewhat extravagant with our 
imagination, to understand why the left auricle 
was enlarged. Do you think that we may forget 
about that? 

Dr. SEAMAN: I personally do not feel that it 
was enlarged. 
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Dr. ALEXANDER: Secondly, we were puzzled 
over the fact that the pulmonary conus was not 
appreciably enlarged. 

Dr. Seaman: Most of the films suggest that 
there was pulmonary artery dilatation. On the 
other hand, a very similar bulge in that area can 
result from right ventricular enlargement alone. 

Dn. ALEXANDER: Did the infundibulum of the 
conus appear enlarged? 

Dr. SEAMAN: We couldn't see that because it 
was the portion just beneath the valve. 

Dr. ALEXANDER: On the basis of the clinical 
findings, the suggested diagnoses were mitral 
stenosis or some form of congenital heart disease, 
more likely Eisenmenger's complex. Would vou 
comment on these, Dr. Massie? 

Dr. Epwarp Masse: The first diagnosis that 

would have to be entertained clinically on this 
patient would be mitral stenosis if the ausculta- 
tory findings are correctly listed in the protocol. 
This would comprise the diastolic murmur at the 
apex, the accentuated pulmonic second sound 
and the enlarged right ventricle. Those add up 
to mitral stenosis, but wasn't some murmur 
heard at the left sternal border or at the pul- 
monary area? Were the murmurs in this patient 
heard only at the apex? 
- Dr. ALEXANDER: Everyone who observed the 
patient heard a murmur along the left sternal 
border that was systolic in time, but not 
diastolic. 

Dr. Massie: We do know that in a septal 
defect, either auricular or ventricular, we would 
be likely to get some auscultatory finding at the 
left sternal border. Now, admittedly, in an 
interauricular septal defect sometimes one has a 
paucity of findings, but with a ventricular septal 
defect we ought to get a loud systolic murmur 
of some sort at the left sternal border. This 
patient did not have such a murmur, so it is 
unlikely that an interventricular defect was 
present. I also feel that mitral stenosis would 
have been the most likely diagnosis clinically 
prior to the findings obtained at catheterization. 

Dr. ALEXANDER: Dr. Bercu, I think my 
remarks will not be nearly as valuable as yours 


in the discussion of this situation. You wrote a. 


note on the chart which stated that this was 
probably not mitral stenosis because the pul- 
monary capilary pressure was normal. Dr. 
Massie felt that in the absence of a louder mur- 
mur than was heard at the left sternal border ar. 
interventricular defect was unlikely. Did you fee. 
that you had ruled this out by catheterization? 


JoL 1955 


Dr. B. Bercu: It is impossible to rule out 
septal defect with certainty when the pressure 
on the right side of the heart rises abnormally. 
Depending upon the pressure differential be- 
tween the two ventricles and the size of the 
defect, one can miss a small defect with a left to 
right shunt, or a larger defect as the pressure on 
the right side rises and the shunt reverses, so that 
probably many cases in the literature cited as 
primary pulmonary hypertension really are 
septal defects without enough shunt to be ob- 
vious on catheterization. There is one other 
technic in using the catheter that might be worth 
mentioning. Unfortunately, we were not em- 
ploying it at that time. It consists of injecting dye 
into the area of the shunt and measuring the 
time it takes for it to appear in a peripheral 
artery. Had we done that at the time we could 
have been more certain. 

Dr. ALEXANDER: You said that you did not 
think there was a left to right shunt. Why? 

Dr. Bercu: I did not think so because the 
oxygen content of the blood samples taken from 
the right side of the heart showed no significant 
rise as we went from the superior vena cava to 
the pulmonary artery. All the values were 
normal. 

Dr. ALEXANDER: If there were a left to right 
shunt would there have been more oxygenation 
of the right ventricular blood? 

Dn. Bercu: Yes. 

Dr. ALEXANDER: Pulmonary stenosis was 
suggested as a possible diagnosis here. How may 
catheterization rule this out? 

Dr. Bercu: That is the easiest diagnosis to rule 
out by catheterization, because if the systolic 
pressure in the pulmonary artery is equal to that 
in the right ventricle there is no doubt that 
pulmonary stenosis is absent. In the presence of 
pulmonary stenosis, the pressure in the pul- 
monary artery is markedly diminished as com- 
pared to that of the right ventricle. 

Dr. Massie: Since what you said rules out 
pulmonary stenosis, what about pulmonary 
insufficiency on the basis of the catheterization 
data? . 

Dr. Bercu: You're probably thinking of the 
wide pulse pressure, Dr. Massie, which suggests 
that diagnosis. It is impossible to be certain 
about the presence of pulmonary insufficiency. 
In the presence of this type of pressure recording 
and of a high-pitched diastolic murmur heard 
along the left sternal border, which this patient 


130 Chnico-pathologic Conference 


did not have, I would be willing to make a 
diagnosis of pulmonary insufficiency. 

— DR. Masse: In other words, your readings 
would be compatible with pulmonary insuffi- 
ciency. 

Dr. BERCU: Yes. 

Dr. ALEXANDER: Would you get a loud P; in 
pulmonary insufficiency? 

Dr. Bercu: In the absence of pulmonary 
stenosis, yes, because the pulmonary insuffi- 
ciency must be secondary to pulmonary 
hypertension. 

Dr. ALEXANDER: What is the mechanism of 
the murmur? 

Dr. Bercu: The valves probably close with a 
loud bang, but there is just enough space be- 
tween them for some blood to leak back. 

Dr. ALEXANDER: Any other question? 

Dr. Joun R. Smrru: Is the diastolic pressure of 
45 mm. Hg in the pulmonary artery compatible 
with a wide-open pulmonary insufficiency? 

Dr. BErcu: I was speaking of the usual pul- 
monary insufficiency, which is a functional lesion 
secondary to pulmonary hypertension and 
dynamically probably not too important. If you 
are speaking in terms of dynamics and the 
effect on the right ventricle, I would agree with 
you that a high diastolic pressure in the pul- 
monary artery would be unlikely in pulmonary 
insufficiency. 

Dr. James W. Owen: The important thirg is 
that neither a septal lesion nor a pulmonary 
insufficiency can explain the primary pathology. 
here, which was right-sided hypertension. 

Dr. Bercu: That is not entirely true. Although 
a septal defect per se does not cause right-sided 
hypertension, about 10 per cent of those patients 
with either an auricular or a ventricular septal 
defect ultimately develop severe pulmonary 
hypertension. We also know that in the Eisen- 
menger complex pulmonary hypertension is -a 
part of the lesion, so that diagnosis should have 
been considered. 

Dr. ALEXANDER: The absence of zny definite 
lesion of the heart, the valves or the septum that 
may have accounted for this picture led to the 
consideration that the resistance might be in 
the pulmonary artery, and so a suggestion was 
made that this might be primary or perhaps 
secondary pulmonary artery hypertension. I 
believe, Dr. Wood, you made tha: diagnosis 
before the catheterization studies were done. T 
wonder if you'd tell us your concept of: DUIS 
pulmonary artery hypertension. in d 


Dr. W. Barry Woon, JR.: Dr. Alexander, I 
suggested that diagnosis because I couldn't see 
the left auricular enlargement in the x-ray films. 
In addition, the patient had had trouble at the 
time of her pregnancy, which suggested the 
possibility of thrombi in the pulmonary circuit. 
Since all our evidence pointed to right-sided 
heart strain. and pulmonary hypertension, it 
seemed to me that she might be suffering from a 
bleck in the lesser circulation, that is, in the 
pulmonary vessels, which was throwing a strain 
on the right ventricle, causing the very loud 
second pulmonic sound, and leading to her 
symptoms. 

Dr. ALEXANDER: The block, then, would be 
proximal to the pulmonary capillaries? 

Dr. Woop: Yes, and the fact that the pul- 
monary arteries at the hilar region were noi 
enlarged, as Dr. Seaman pointed out, raises the 
question as to whether the thrombi might not 
have been fairly close to the pulmonary conus 
involving the large pulmonary arteries. 

Dr. ALEXANDER: I am not very clear as to 
whether you are now speaking of so-called 
primary pulmonary hypertension or whether 
you feel there will be thrombi or a lesion some- 
where in the lungs. 

Dr. Woon: I was thinking in terms of multiple 
pulmonary thrombi leading to pulmonary 
hypertension. In those cases that I know about, 
the pathologist can demonstrate changes in the 
pulmonary blood vessels, either marked sclerosis 
of the small pulmonary arteries or thrombi that 
have become recanalized. There must be some- 
thing producing a block, either in terms ol 
sclerosis of the vessel walls or thrombotic 
changes inside the vessels. Those are the only 
changes with which I am familiar. 

Dr. ALEXANDER: This would be analagous, 
then, to systemic hypertension. 

Dr. Woon: In a sense, yes. 

Dr. ALEXANDER: Dr. Owen, you’re interested 
in this subject. Do you agree with this suggestion? 

Dr. James W. Owen: Yes, Dr. Alexander. As 
a matter of fact an increasing number of these 
cases is being discovered now that cardiac 
catheterization is being done with increased 
frequency, and both mechanisms Dr. Wood has 
described have been offered to explain various 
cases. It is interesting that studies of the pathol- 
ogy of the lung show that most of the changes 
have been limited to vessels having a diameter of 
100 micra or greater. In the differential diagnosi: 
it is important to distinguish this kind of cor 
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pulmonale from that secondary to chronic 
lung disease. Fortunately this woman is cer- 
tainly one of a small number of women who 
have trouble during pregnancy and run a 
rapidly fatal course with progressive signs of 
cor pulmonale. The other interesting features 
that these patients almost uniformly demon- 
strate are the absence of orthopnea and the 
presence early in the course of their illness of 
normal oxygenation of arterial blood. 

Dr. ALEXANDER: In my earlier medical 
experience, this diagnosis meant that nothing 
was found at autopsy. Later on, more careful 
study of these cases did reveal minute healed 
thrombi or other larger thrombi. When we speak 
of primary pulmonary hypertension, we might 
be aware of the fact that this isn’t necessarily 
primary. Dr. Bercu, how did you interpret her 
polycythemia? 

Dr. Bercu: I had great difficulty interpreting 
it, Dr. Alexander, for this reason: On two occa- 
sions we did determinations of her arterial 
oxygen content and saturation; in both of those 
instances we found that the arterial oxygen 
data were perfectly normal. Our usual concept 
of secondary polycythemia is that it occurs on the 
basis of anoxia or hypoxia, with a diminished 
arterial oxygen concentration and conceivably a 
diminished oxygen concentration in the bone 
marrow. If this is so, this patient did not have 
secondary polycythemia. On the other hand, 
the fact that pulmonary disease is often asso- 
ciated with pulmonary hypertension and with 
polycythemia would lead one to call this a 
secondary polycythemia. It is conceivable that 
she had primary polycythemia, but I would 
think this very unlikely. 

Dr. ALEXANDER: May we assume that the 
lesion is not in the pulmonary capillaries? 
If this were early Ayerza’s disease, wouldn’t the 
pulmonary capillary pressures be raised even in 
the earlier stages? 

Dr. Bercu: I am not sure of that. It is my 
impression that pulmonary capillary pressure 
would not be elevated unless there was disease 
of the left ventricle or the mitral valve. 

Dr. ALEXANDER: But if there were thrombi 
or fibrosis in the pulmonary capillaries, shouldn’t 
one see eventually some evidence in the chest 
x-rays and shouldn’t the capillary pressure be 
increased? 

Dr. Bercu: Changes could have taken place 
in the alveolar walls which would have nothing 
to do with the blood vessels, such as the inter- 
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stitial change we see in an alveolar-capillary 
block which does not elevate capillary pressures. 
I’m not aware of any studies which show rises in 
the pulmonary capillary pressure from changes 
in the pulmonary capillaries themselves. 

Dr. ALEXANDER: Are there further questions 
about this case or shall we decide that, in all 
probability, this is a case of disease of the pul- 
monary artery itself? We are still a little uncer- 
tain about the polycythemia. Dr. Massie, do 
you agree with this? 

Dr. Massie: I am somewhat skeptical about 
the primary pulmonary vascular disease. I’m 
sure this patient didn’t have mitral stenosis. 
Since we have ruled out that possibility, I 
wonder whether pulmonary insufficiency might 
have produced this type of polycythemia. I’m 
puzzled that we did not see more pulmonary 
vascular markings; this makes me hesitate to 
make a diagnosis of pulmonary insufficiency. 

DR. ALEXANDER: You have made a very good 
point. Certainly in many of the cases that have 
been described, one of the features is a promi- 
nent pulmonary conus. Are there other questions 
Or suggestions? 

Dr. Massie: I should say one thing about the 
electrocardiogram. There is no question that it 
showed marked right ventricular enlargement; 
we also made an electrocardiographic diagnosis 
of auricular enlargement, but it must be remem- 
bered that with pulmonary hypertension that 
kind of electrical pattern does appear, which 
does not necessarily require anatomic enlarge- 
ment of the auricle. I agree that there was no 
left auricular enlargement on the x-ray films. 

A PuysiciAn: It is not safe to say there was 
no enlargement of the pulmonary conus. As Dr. 
Seaman pointed out, it is entirely probable that 
there may have been, especially on the right 
anterior oblique film. I would be inclined to say 
that the pathologist will tell us there is enlarge- 
ment of the pulmonary conus. 

Dr. Owen: Dr. Alexander, in regard to the 
polycythemia, I think it’s worth mentioning that 
this is not a constant finding in this disease. 

Dr. ALEXANDER: We will turn this discussion 
over to the pathologists with a clinical diagnosis 
of primary pulmonary hypertension. 


PATHOLOGIC DISCUSSION 


Dr. Joun D. Keve: The pleural cavities 
contained 250 ml. of a clear serous fluid in each 
hemithorax. The heart was markedly enlarged 
with dilatation of the right ventricle and atrium 
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Fic. 1. Fibrous tissue and endothelial channels typical of an organized thrombus in a small pulmonary 
artery. This is one of two types of occlusive lesions that were present in tremendous numbers in the ves- 
sels of the lungs. 

Fic. 2. Concentric fibrous intimal thickening in a small muscular artery (the second type of occlusive 
lesion of pulmonary arteries in this case). 

Fic. 3. A lesion of the second type in an arteriole. 

Fic. 4. Irregular intimal fibrous thickening in a terminal branch of an arteriole which suggests in its 
appearance a form intermediate between the obvious organized thrombi and the concentric lesions 
which are usually considered as arteriosclerotic. 
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and hypertrophy of their walls. The left ventricle 
and atrium were of more nearly normal con- 
figuration. The pulmonary valve, as well as all 
the other valves, was normal. The myocardium 
was not remarkable except for hypertrophy and 
the endocardium was thin and transparent. The 
thyroid was palpable but weighed only 24 gm.; 
upon section it did not appear unusual. The 
lungs were moderately edematous and congested. 
Ihe large pulmonary arteries contained a few 
yellow plaques in the intima. The appearance 
of the liver was typical of advanced chronic 
passive congestion, and there was congestion of 
the spleen and of the kidneys. The veins of the 
legs, unfortunately, were not examined. 

Dr. WirsuR A. THomaAs: On microscopic 
examination all of the abdominal organs showed 
evidence of long standing congestive failure. 
Such changes were especially prominent in the 
liver, spleen and pancreas. The thyroid showed a 
few dilated acini but there was no evidence of 
increased activity. The lungs contained a few 
areas of a slight degree of congestion and edema, 
but there was no evidence of significant pul- 
monary fibrosis or emphysema. The significant 
pathologic changes in the lungs were limited 
to the small arteries and arterioles. Examination 
of these small vessels makes it apparent that the 
_ cause of the pulmonary hypertension in this 
patient was multiple obstructive lesions at this 
level. 

These obstructive lesions were of two types. 
In the small pulmonary artery illustrated in 
Figure 1, it consists of a meshwork of loose con- 
nective tissue through which are scattered 
endothelial-line vascular channels. This is the 
usual and easily recognizable appearance of an 
organized thrombus, and on the left side of the 
figure it can be seen to bulge into a branch of the 
vessel. Figure 2 is an example of the second type 
of lesion, which consists of fibrous intimal thick- 
ening. This is a small muscular artery with a 
clearly defined , muscular wall and internal 
elastica. The intima within the elastica is 
thickened by loose fibrous tissue that encroaches 
upon the lumen in a rather uniform fashion to 
reduce its size greatly. Figure 3 shows a similar 
lesion, this time in an arteriole. There are 
marked fibrous intimal thickening and a very 
small lumen. The lesion in Figure 4 is somewhat 
less advanced and considerably more irregular, 
It is in a terminal branch of a small muscular 
artery at the origin of an arteriole and its 
appearance suggests an intermediate stage 
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between the first and second types of lesions. It is 
impossible to estimate the extent of these lesions. 
It is quite probable that there were literally 
millions of them. It can be readily appreciated 
that the degree of obstruction produced by large 
numbers of these lesions would be sufficient to 
result in pulmonary hypertension and even- 
tually in right heart failure. 

Our problem is to determine the basic nature 
of these lesions and, if possible, their etiology. 
Until very recent years, as Dr. Alexander 
pointed out, cases such as this probably would 
have been classified in most clinics and labora- 
tories as primary pulmonary arteriosclerosis 
or Ayerza’s syndrome. Ayerza's syndrome is a 
rather loosely defined term usually indicating 
any type of pulmonary arterial disease the cause 
of which is not immediately apparent. Consider- 
able evidence has been acquired in recent 
years indicating that many of the cases previ- 
ously called by this name are actually cases of 
latent pulmonary embolization with the lesions 
in pulmonary vessels resulting from repeated 
showers of small emboli. The evidence for this 
viewpoint comes from three sources, namely, 
animal experiments, autopsy observations and 
clinical observations. This is a very good exam- 
ple of the results that can be achieved with this 
combined approach. 

Seven years ago a British pathologist, C. V. 
Harrison,! had a case similar to the present one. 
It occurred to him that these lesions might be 
due to emboli. In order to test this idea, he 
embolized a group of young, healthy rabbits 
by repeatedly injecting a saline suspension of 
blood clots into a peripheral vein and allowing 


them to be carried by the blood stream to the 


lungs. By means of this simple method, he was 
able to produce lesions like those seen in his 
human case and in the case being discussed here. 
His results have been confirmed by investigators 
in other laboratories throughout the world and 
we have duplicated them in some recent 
experiments of our own. Reports of animal 
experiments such as those by Wartman and 
others,? and Barnard,? as well as that of Harrison 


! Harrison, C. V. Experimental pulmonary arterio- 
sclerosis. J. Path. & Bact., 60: 289, 1948. 

? WARTMAN, W. B., JENNINGS, R. B. and Hunson, B. 
Experimental arterial disease: the reaction of the pul- 
monary artery to minute emboli of blood clot. Circula- 
tion, 4: 747, 1951. 

3 BARNARD, P. J. Pulmonary arteriosclerosis and cor 
pulmonale due to recurrent thromboembolism. Circula- 
tion, 10: 343, 1954. 
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include photomicrographs of lesions that are 
indistinguishable from the two types shown in 
the present case. The second type of lesion, the 
fibrous intimal thickening, may oz may not 
necessarily be another form of organization of 
thrombi. It may be due to the hypertension that 
has been produced by the obstruction from 
lesions of the first type, which are easily recog- 
nized as organized thrombi. In any event, both 
types of lesions are readily produced by inject- 
ing emboli of blood clots into experimental 
animals. 

In recent years, increasing numbers of human 
cases have been reported with pulmcnary vascu- 
lar lesions similar to those in the present case and 
associated with clearly demonstrable sources of 
emboli in the veins of the legs cr the right 
portion of the heart. Several years ago we 
studied the autopsies of twelve such cases at the 
Massachusetts General Hospital.* Lesions of 
both types, recanalized thrombi and typical 
arteriosclerosis, were constantly present in the 
arteries of the lungs. In nine of these twelve 
cases there were clearly demonstrable sources 
in the leg veins or heart, usually in the leg veins, 
from which emboli could have arisen. In two 
cases the leg veins had not been examined be- 
cause of failure to recognize their impor- 
tance at the time of autopsy. In only one case 
no source of emboli was found despite a com- 
plete examination. 

Supporting evidence for this concept of the 
etiologic importance of pulmonary emboli in 

4 Owen, W. R., Tuomas, W. A., CASTLEMAN, B. and 
Brann, E. F. Unrecognized emboli to the lungs with 


subsequent cor pulmonale. New England J. Med., 249: 
919, 1953. 
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these cases comes from clinical observations. 
Careful histories have revealed in some cases, 
although by no means in all, episodes which 
were suggestive of embolization. À number of 
cases have also been reported with onset dating 
from pregnancy, a condition of which thrombotic 
and embolic episodes have long been recognized 
as complications. 

In summary, this is a case of chronic cor 
pulmonale resulting from multiple obstructive 
lesions in the small pulmonary arteries and 
arterioles. Evidence has been derived from 
experimental animals, autopsies and clinical 
observations indicating that these lesions may 
have resulted from multiple emboli. The 
source of emboli in this case was not demon- 
strated, but the veins of the legs, which are the 
most common source, were not examined be- 
cause of failure to recognize the possibility at 
the time of the autopsy that they might have 
been important in clarifying the pulmonary 
condition. The immediate cause of death was 
not apparent, but in a number of the previously 
studied cases the terminal episode has also been 
rather sudden. 

Final Anatomic Diagnoses: Multiple organized 
thrombi in the small pulmonary arteries and 
arterioles; slight arteriosclerosis of large pul- 
monary arteries and advanced arteriosclerosis of 
small pulmonary arteries and arterioles; myo- 
cardial hypertrophy and dilatation of the right 
ventricle and atrium. 


Acknowledgment: Illustrations were made by the 
Department of Illustrations, Washington Uni- 
versity School of Medicine. 
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ABSTRACTS OF PAPERS PRESENTED AT THE ANNUAL MEETING, NEW ORLEANS, LOUISIANA, 
JANUARY 29, 1955 


PHYSIOLOGIC VARIATIONS DURING INDUCED Hy- 
POTHERMIA IN THE Doc. H. M. Ausherman, W. K. 
Nowill, S. Boyarsky, H. E. Hall and W. W. Shingle- 
ton (introduced by J. V. Warren*). Dept. of Anes- 
thesia, V. A. Hospital, Div. of Anesthesia and 
Urology and the Dept. of Surgery, Duke Uni- 
versity Hospital and School of Medicine, 
Durham, N. C. 


Recent enthusiasm for the use of induced 
hypothermia for cardiac surgery and the hiber- 
nation technic for severe infection and other 
shock-like states prompted the authors to 
familiarize themselves with the technics and 
physiologic variations of induced hypothermia 
in the dog. Hypothermia was produced most 
rapidly and efficiently by emersion in ice water 
under pentothal® or nembutal® sodium anes- 
thesia. Biologic functions tested were as follows: 
blood pressure, pulse rate and electrocardio- 
graphic changes, respiratory rate, tidal and 
minute volume, oxygen consumption, electro- 
encephalographic patterns, serum potassium 
and sodium, arterial pH, carbon dioxide tension, 
per cent oxygen saturation, hematocrit, renal 
and hepatic functions. 

Respiratory rate, minute volume and oxygen 
consumption are markedly depressed. Arterial 
carbon dioxide pressure and pH vary toward 
respiratory alkalosis. Arterial blood remains well 
oxygenated until respiration is nearly absent. 
Serum sodium was essentially unchanged but 
serum potassium was decreased. Blood pressure 
and pulse rate declined progressively with the 
decrease in rectal temperature. Electrocardio- 
graphic changes were those associated with a 
sinus bradycardia and alkalosis. 

Hypothermia in the dog appears to be a 
relatively safe procedure at body temperatures 
at or above 25?c. and for less than twelve hours. 
Temperatures below 25?c. and for more than 
twelve hours have a progressively higher 
mortality. 


* Asterisks indicate members. 


JULY, 1955 


DaAcriL. (N-ETHYL-3 PIPERIDYL-DIPHENYL-ACE- 
TATE HYDROCHLORIDE) IN TREATMENT OF VEN- 
TRICULAR ARRHYTHMIA INDUCED BY OUABAIN. 
D. P. Baumann and L. D. Seager (introduced by 
P. L. Day*). Univ. of Arkansas School of Medi- 
cine, Little Rock, Ark. 


Recent attempts to find an effective anti- 
fibrillary agent for use in the arrhythmia of 
hypothermia has led to the trial of many drugs 
with indifferent results. Studies with dactil? 
(Lakeside Laboratories, Inc.) have suggested its 
applicability in this regard. Its effectiveness in 
the prevention of ventricular fibrillation due to 
benzol and epinephrine in hypothermic and 
normothermic dogs has been presented in a 
preliminary report elsewhere. As another phase 
of this study ventricular arrhythmia was induced 
by intravenous ouabain in pentobarbital anes- 
thetized dogs. Dactil was administered in a slow, 
continuous intravenous drip until definite results 
were determined. Intermittent electrocardio- 
graphic tracings were obtained as necessary 
as a criterion of the status of the rhythm. 
Amounts of ouabain required to produce a 
ventricular rhythm varied considerably (0.07 to 
0.395 mg./kg.). Dactil was given as a 0.5 to 
1.0 per cent saline solution 10 to 50 mg. per 
minute. Reversion to a supraventricular or 
normal sinus rhythm occurred in fifteen of 
twenty experimental procedures completed to 
date. Present evidence suggests this drug may 
act in part by depressing ventricular irritability. 


SERUM Liew FRACTIONS IN INDUCED AND SPON- 
TANEOUS HYPOTHYROIDISM; MODIFICATION BY 
BETA-SITOSTEROL. M. M. Best,* C. H. Duncan, 
J. D. Wathen and H. D. Kerman.* Inst. of Medical 
Research, Univ. of Louisville School of Medi- 
cine, Louisville, Ky. 

Serum lipid fractions were followed in a 
group of patients with congestive failure 
rendered hypothyroid by 1-131. Four patients 
with rheumatic mitral stenosis had initially 
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low serum total cholesterol values (mean 146, 
range 109—180). Following 1-131 administration 
they exhibited a transient peak in serum choles- 
terol during the second month (mean 196, 
range 181—215). In three of these patients the 
serum cholesterol followed a similar course, 
returning four months after treatment to the 
initial range, while the I-131 uptake remained 
in the hypothyroid range. For these subjects the 
mean values were: pre-treatment, 135, second 
month peak, 189, and return to 147 while the 
subject was still hypothyroid. Ia the fourth 
patient persistent hypothyroidism was associated 
with an eventual sustained increase in serum 
cholesterol, from pre-treatment level of 180 to 
259 six months later. 

Administration of the plant sterol, beta- 
sitosterol, to this patient and to patients with 
spontaneous inyxedema resulted in a mean 
reduction of serum cholesterol of 25.9 per cent, 
comparable to that we have observed from 
sitosterol administration to euthyroid subjects. 

The changes in cholesterol were paralleled by 
those in serum total lipid and, less consistently, 
by those in lipid phosphorus and calculated 
neutral fat. 


CLINICAL AND PuvsroLoGic EVALUATION OF 
SEVERAL ORALLY EFFECTIVE BRONCHODILATORS. 
H. G. Boren, D. J. George, I. C. Chofnas and C. A. 
Handley (introduced by C. L. Spurr*). V. A. Hospital 
and Dept. of Medicine of Baylor Univ. College 
of Medicine, Houston, Tex. 


Three orally administered N-substituted arter- 
enol derivatives have been evaluated. Twenty- 
four male patients, averaging fifty-eight years in 
age, with continuing difficulty from pulmonary 
emphysema and chronic bronchitis despite the 
usual regimen, were studied with special 
emphasis on pulmonary function. Toxic effects 
were limited to occasional slight decrease of 
blood pressure and tachycardia accompanied at 
times by palpitation or dizziness. No laboratory 
evidence of hematologic, hepatic, electrocardio- 
graphic or renal damage was found, even when 
drugs were administered over two months. 
Moderate to marked increase of vital capacity 
was frequently found. Timed vital capacity, 
nitrogen washout and flowmeter tracings added 
no further information. 

For study of mechanics, pressure was meas- 
ured by an intra-esophageal catheter, flow by 
Lilly flowmeter, volume by electrically recording 
spirometer. Changes were recorded on multi- 


channel electrocardiograph and oscilloscope. 
Mechanics studies on eight patients showed in- 
crease frequency of breathing only once, 
decrease of extremes of pressure fluctuation in 
seven of eight cases, volume and flow increase 
in three of four cases, and significant decrease of 
resistance in three of four patients. Compliance 
studies in five patients showed an increase twice 
and decrease once. Of the three drugs studied, 
N-(2-(3,4-methylenedioxyphenylisopropyl)) nor- 
epinephrine hydrochloride (JB251, Lakeside) is | 
most effective. Only mechanical studies allow 
complete evaluation. 


CORRELATION OF PuystoLoGic EFFECTS OF 
RADIOACTIVE ENDOTOXIN WITH ITs DISTRIBUTION 
IN Vivo. A. I. Braude, F. J. Carey, D. W. Suther- 
land and M. Zalesky (introduced by E. Strauss*). 
Dept. of Internal Medicine, Southwestern 
Medical School of the Univ. of Texas, Dallas, 
Tex. 


As a means of investigating the pathogenesis 
of gram-negative bacterial infections, the fate of 
radioactive endotoxin, labelled with Cr*!', was 
correlated with its physiologic effects after 
intravenous injection. Endotoxin was prepared 
by culturing Escherichia coli in the presence only 
of inorganic constituents to avoid organic 
impurities which might bind chromium. Firm 
labelling was achieved by adding Na2Cr®!O, or 
Cr*'Cl; directly to endotoxin or living E. coli 
and radioactivity was directly proportional to 
toxicity. 

Labelled endotoxin, after intravenous injec- 
tion of lethal doses in rabbits, first appeared in 
the plasma (but not in the erythrocytes) and 
then rapidly passed to buffy coat and liver. 
Tremendous concentrations accumulated in the 
buffy coat while leukopenia was developing. 
Rapid removal from plasma was accompanied 
by fever, leukopenia and sometimes hypotension 
and diarrhea. Changes in blood volume, deter- 
mined with Cr*' labelled erythrocytes, were 
variable but not marked. 

These results indicate that changes in leuko- 
cytes (neutropenia, toxic granulations, reduced 
mobility) after injection of endotoxin result from 
localization in them of endotoxin; that localiza- 
tion represents an active removal of endotoxin 
from the circulation; and that protection against 
endotoxin, as protection against bacterial infec- 
tion, depends in part on the ability of leukocytes 
to ingest endotoxin. 
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NucLEOTIDE Levers iN HUMAN CARDIAC 
MuscuEe. W. J. Burdeite.* Chester Beatty Re- 
'search Inst. of the Royal Cancer Hospital and. 
the Brompton Hospital, London, England. 


Fresh, auricular muscle was obtained from 
eight patients at the time of cardiotomy for 
mitral stenosis and was placed on ice immedi- 
ately. After weighing, the myocardium was 
homogenized and an acid extract prepared. 
Dowex-1 (200 to 400 mesh) was then used as a 
formate column to separate the nucleotides. The 
fractions were collected in volumes of 5 ml., the 
optical densities of which were read at 260 anc 
275 my in a Beckman model DU spectropho- 
tometer. 'The results were rather uniform for the 
various specimens. The average amount (uM, 
gm.) of AMP was 0.721, of ADP was 0.292, anc 
of ATP was 0.138. Complete separation of othe- 
nucleotides was not accomplished but thei- 
presence suggests that the adenosine system 
may not solely be involved in energy exchanges 
during muscular contraction of the human heart. 


CASE OF COLLAGEN DISEASE (SCLERODERMA) 12 
WHICH PLEUROPNEUMONIA-LIKE ORGANISM3 
WERE ISOLATED FROM AN OVARIAN Cyst. 3. W. 
Bush, L. B. Robinson, W. E. C. Wacker and 
T. M. Brown.” Dept. of Medicine, Georg: 
Washington Univ. School of Medicine, and th? 
Arthritis Research Unit, Medical Service, V. À. 
Hospital, Washington, D. C. 


The case is that of a twenty-nine year old 
woman with repeated genitourinary infections 
for five years treated with penicillin. The presert 
illness began five months before hospitalizatior. 
Clinical and laboratory studies were compatible 
with disseminated lupus erythematosus but n5 
L.E. cells were found. Recurrent Escherichia co.i 
urinary infections were treated with antibiotics 
other than penicillin. Cortisone was employed 
intermittently for symptomatic control. Lapz- 
rotomy disclosed a follicular ovarian cyst. Tte 
clear cystic fluid contained pleuropneumonic- 
like organisms in pure culture. Improvemert 
after surgery was followed by a downhill course. 
Treatment consisted of cardiac management 
and cortisone therapy. Autopsy, after fifteen 
months of illness, revealed findings compatib.e 
with scleroderma in the skin, gastrointestinal 
tract, lungs and heart. 

This is the first case in which pleuropnen- 
monia-like organisms (L organisms) were ob- 
tained from an ovarian cyst. These findings ave 
interesting in view of the long-standing specula- 
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tion regardirig the role of pleuropneumonia-like 
organisms in Reiter’s disease, genitourinary 
infections, rheumatoid arthritis and rheumatic 
fever. Also, the findings may pertain to the 
known ability of penicillin to induce the forma- 
tion of ‘L’ forms from common bacteria. No 
conclusions regarding the etiology of collagen 
diseases can be drawn from an isolated case but 
additional studies appear indicated. 


Tue LEUKOPENIA OF VIRUS INFECTION——-RELA- 
TION TO TH= CONCENTRATION OF VIRUS AND THE 
ViraL Lesion. G. R. Cary, W. B. Sorrell and E. D. 
Kilbourne.* Dept. of Medicine, Tulane Univ. 
School of Medicine, New Orleans, La. 


The well known leukopenia of virus infec- 
tions is an enigmatic phenomenon which has 
received little study. With the belief that 
investigations on the genesis of this leukopenia 
might aid in elucidation of the pathogenesis of 
viral disease, a study was undertaken of experi- 
mental influenza virus infection. Adult male 
CFW mice weighing 20-22 gm. were inoculated 
intranasally with either 109 EID;o of influenza A 
virus (PR8 strain) or a control injection of saline. 
Both inocula contained penicilin and strepto- 
mycin. At varying intervals following infection 
(twelve, twenty-four, forty-eight, seventy-two 
and ninetv-six hours) mice (four/group) were 
bled from the tail, then killed for study of 
pulmonary lesions, pulmonary virus concentra- 
tions and bone marrow cytology. 

A 22 per cent decrease in the total leukocyte 
counts of virus-infected mice was noted forty- 
seven to ninety-sx hours after inoculation. 
Differentiz] counts revealed an absolute lym- 
phopenia representing a 40-45 per cent reduc- 
tion in lymphocytes and a concomitant, 
absolute neutrophilia. Leukopenia occurred 
twenty-four hours subsequent to the logarithmic 
phase of viral increase, coincident with the attain- 
ment, of maximal viral concentration, and 
twenty-four hours prior to the appearance of 
pneumonia. Thus infection of a murine host with 
influenza virus results in an absolute lympho- 
penia and an absolute neutrophilia temporally 
related to the peak of virus increase but prior 
to the appearance of the gross viral lesion. 


VASOACTIVITY OF AZIDES IN HYPERTENSION. 
P. Comens (introduced by H. A. Schroeder *). Hyper- 
tension Div., Dept. of Internal Medicine, Wash- 
ington Univ. School of Medicine, St. Louis, Mo. 


Utilizirg photoelectric plethysmograpbs, pho- 
tographic recordings were made in dogs after 
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intraarterial injections of choline azide (0.4 mg./ 
kg.) and sodium azide (0.1 mg./kg.). Both 
produced unilateral local vasodilatation in the 
extremities of ten normotensive dogs, more 
marked with choline azide. A mean drop in 
diastolic pressure of 33 mm. Hg at fifteen 
minutes for both was more prolonged with the 
choline salt. Toxic doses of the latter (4.0 mg./ 
kg.) caused marked electrocardiographic ab- 
normalities. Two unanesthetized renal hyper- 
tensive dogs with blood pressures of 250/150 and 
300/160 mm. received ten daily oral doses of 
choline azide; mean diastolic pressures dropped 
44 to 64 mm. Hg for as long as five hours with 
recovery in twenty-four hours. When given 
intravenously, both drugs caused negligible late 
depressor effects in anesthetized normotensive 
rats. However, some operated animals showed 
significant diastolic depression only with choline 
azide. This agent administered  gastrically 
caused insignificant changes in normotensive 
but marked prolonged depression in hyperten- 
sive rats. Neither agent blocked the pressor 
action of nor-epinephrine in vivo, although by the 
rabbit aorta strip method of Furchgott 0.05 mg. 
choline azide blocked the action of 2.0 y nor- 
epinephrine. Sodium azide (5.0 mg.) used for 
long periods in four hypertensive patients at 
four-hourly intervals caused little or no effect 
upon blood pressure. These results suggest that 
choline azide is a long acting vasodilator when 
given orally to rats and dogs. 


EFFECT or L-TRINODOTHYRONINE ON PROTEIN 
SYNTHESIS RATE MEASURED witH N!5 GLYCINE 
IN PATIENTS WITH PRIMARY MyxEDEMA. K. R. 
Crispell,* W. Parson* and G. F. Hollifield. Dept. 
of Internal Medicine, Univ. of Virginia School of 
Medicine, Charlottesville, Va. 


The amino acid pool and the protein syn- 
thesis rate has been determined in five patients 
with primary myxedema using isotopic nitrogen, 
N. The patients were studied under the usual 
metabolic regimen. An interesting Dut unex- 
plained finding was a moderate degree of 
positive nitrogen balance as determined by 
classic nitrogen studies. However, the protein 
synthesis rate as determined by the isotopic 
technic was consistently decreased in patients 
with myxedema. The average in the five patients 
was 379 mg./kg. per twenty-four hours (range 
180—490) as compared with an average of 
756 mg./kg. per twenty-four hours in five healthy 


volunteers (range 610—970). The size of the 
amino acid pool was not consistently altered. 

Studies will be presented which show that 
several days after first administering r-triiodo- 
thyronine there is no increase in the protein 
synthesis rate. However, after administering the 
L-triiodothyronine for six to nine months the 
protein synthesis rate was markedly increased. 
For example, in one patient there was an increase 
in protein synthesis rate from 350 mg./kg. per 
twenty-four hours to a high of 1,300 mg./kg. per 
twenty-four hours. 


HYPERACTIVITY OF THE BLoop COAGULABILITY 
CONTROL MECHANISM—A POSSIBLE CAUSE OF 
IRREVERSIBLE SHock. J. W. Crowell and W. L. 
Read (introduced by A. C. Guyton*). Dept. of 
Physiology and Biophysics, School of Medicine, 
Univ. of Mississippi, University, Miss. 

If an animal is bled until his arterial pressure 
is very low and this pressure level is maintained 
for a long period of time, a slowly falling blood 
pressure develops which continues to fall al- 
though the withdrawn blood is reiniected. 
Transfusion of additional blood or injection of 
sympathomimetic drugs has only a temporary 
effect, for the animal eventually dies. This is a 
type of irreversible shock. 

Experiments in our laboratory have shown 
that concurrent with the fall in arterial pressure 
there is also a fall in the coagulation time of the 
circulating blood and that this hypercoagulabil- 
ity predisposes to the formation of large numbers 
of very small blood clots. If hypotension con- 
tinues long enough for a major portion of the 
lung capillaries to be blocked, then the pul- 
monary resistance becomes so great that ade- 
quate circulation cannot be maintained. By use 
of large doses of heparin given before the begin- 
ning of the period of hypotension, the mortality 
rate from the hemorrhagic shock experiment is 
greatly lessened. Only one of ten dogs given 
heparin developed irreversible shock as com- 
pared with nine of ten dogs given no heparin. 


CLINICAL RESULTS WITH PENTOLINIUM IN T'REAT- 
MENT OF HYPERTENSION; COMPARISON WITH 
HEXAMETHONIUM WHEN BOTH ARE USED IN 
COMBINATION WITH Rauwo.rFia. E. Dennis, 
R. Ford, W. Hughes, R. Hershberger and J. H. 
Moyer.* Baylor Univ. College of Medicine, 
Houston, Tex. 

Recent reports by Freis and his co-workers 
have indicated that pentolinium is superior to 
other anti-hypertensive agents. In order to 
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evaluate the relative effectiveness of this agent, 
two groups of hypertensive patients were 
studied. Following adequate control observa- 
tions, fifteen patients in Group 1 were given a 
combination of Rauwolfia and pentolinium. 
Group n was composed of sixty patients who 
received a combination of Rauwolfia and 
hexamethonium as therapy for six months to a 
year; these patients were then given a combina- 
tion of Rauwolfia and pentolinium and the 
response rate, side reactions and tolerability 
of the drugs were compared. The results indi- 
cate that the small group of fifteen patients 
started on pentolinium and Rauwolfia (Group 
1) showed a 100 per cent response; 75 per cent 
of the patients in Group 11 responded to Rau- 
wolfia in combination with hexamethonium; 
73 per cent (forty-four patients) responded to 
Rauwolfia plus pentolinium; 10 per cent re- 
sponded to neither combination; 15 per cent 
responded to Rauwolfia and pentolinium who 
—. had not previously responded to Rauwolfia and 
hexamethonium. On the other hand, 17 per 
cent who were previously responsive to Rau- 
wolfia and hexamethonium were not respon- 
sive to Rauwolfia plus pentolinium. It is 
concluded that hexamethonium and pento- 
linium have a comparable effect in reducing the 
blood pressure when used in combination with 
Rauwolfia. The incidence and severity of side 
effects appears to be qualitatively similar but 
possibly less prolonged with pentolinium. 


CORRELATION OF VENTRICULAR ELECTROKYMO- 
GRAMS AND  KINETOCARDIOGRAPHIC ‘TRACES; 
APPLICATION TO STUDY OF MOVEMENTS OF THE 
Human Heart. E. E. Eddleman, Jr. (introduced 
by T. R. Harrison*). Dept. of Medicine, Medical 
College of Alabama, and Medical Service, V. A. 
Hospital, Birmingham, Ala. 


Precordial chest wall movements (kineto- 
cardiograms) were studied in a number of nor- 
mal subjects as well as electrokymographic 
traces taken from many points of the ventricular 
borders. In addition simultaneous kineto- 
cardiograms and electrokymograms were ob- 
tained in a few subjects. The similarities be- 
tween tbe electrokymographic traces and the 
kinetocardiograms suggest that the movements 
of the precordium are primarily related to the 
movements and shape changes of the heart. By 
correlating the precordial movements with the 
electrokymographic traces from many points 
over the ventricular borders, a hypothesis for the 
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movements of the normal heart can be arrived 
at: (1) anterior swing of the heart .02 second 
after the onset of the ORS complex, probably as 
the result of right ventricular contraction, 
(2) shortening of the heart and right ventricu- 
lar inflow contraction, (3) apex thrust, possibly 
as the result of a physiologic aneurysm, (4) 
sphincteric squeeze of the entire ventricular 
walls, (5) elongation of the heart and inflow 
tract relaxation, (6) right ventricular relaxation 
with leftward and posterior swing of the heart, 
(7) filling and anterior rebound of the heart 
as the left ventricle relaxes. 


BLoop VOLUME IN PATIENTS WITH LAENNEC’S 
CIRRHOSIS AS DETERMINED BY RADIOACTIVE 
Curomium Taccep Rep Cer tts. S. Eisenberg 
(introduced by A. Goth*). Dept. of Internal Medi- 
cine, Southwestern Medical School of the 
Univ. of Texas, and the Medical Service and 
Radioisotopes Unit of the V. A. Hospital, 
Dallas, Tex. 


Twenty subjects with Laennec’s cirrhosis were 
studied by the radiochromium tagged red cell 
technic. Nineteen patients had ascites; none had 
bled for a four-month period prior to the study. 
Comparisons were made between pre- and post- 
treatment values and between these and the 
values in a group of twenty normal persons. 

Results: (1) Plasma volume was increased 
41 per cent and blood volume 29 per cent in 
patients with esophageal varices and/or cya- 
nosis; in the absence of these features these 
measurements were normal. (2) Despite low- 
ered hemoglobin values, the red cell mass was 
normal in the twenty subjects studied suggesting 
that the “anemia of liver disease" may fre- 
quently be due to hemodilution. (3) In four 
cyanotic subjects the red cell mass was 49 per 
cent greater than normal. (4) Inconsistent 
changes in plasma volume followed clinical 
improvement and recession of ascites. 

These findings suggest in the absence of 
evidences of an expanded vascular bed or a 
stimulus to erythropoiesis, the blood volume in 
Laennec’s cirrhosis is normal; and “‘anemia of 
liver disease” is often a result of hemodilution. 


EFFECT OF CEREBRAL CORTICAL STIMULATION IN 
CATS UPON EPINEPHRINE ACTIVITY AS INDICATED 
BY BLoop Lactic Acip Levers. R. W. Ferguson, 
M. G. Mitts, M. Bernhaut and E. C. Hoff (intro- 
duced by J. L. Patterson, Jr.*). Dept. of Medicine 
and Neurologic Science, Medical College of 
Virginia, Richmond, Va. 


140 Southern Society for Clinical Research 


The present studies were undertaken to 
determine whether stimulation of cerebral 
cortical areas, known to mediate autonomic 
responses, would also evoke increased adrenal 
medullary activity. The blood lactic acid con- 
centration was used as the indicator of increased 
epinephrine secretion, since DiSalvo and col- 
leagues (1953) demonstrated its validity for this 
purpose, in the absence of muscular movement 
or hypoxia. Acute experiments were performed 
under ether anesthesia, using d-tubocurarine 
and intermittent positive pressure breathing. 
Inductorium or rectangular-wave stimuli lasting 
ten seconds were delivered at intervals to loci on 
left and right anterior gyri alternately over a 
period of one hour with resulting transient 
hypertension, pupillary dilatation and nictitat- 
ing membrane retraction. Blood lactic: acid 
determinations made on fifteen stimulated cats 
and eleven unstimulated control animals (sub- 
jected to identical surgical procedures) showed 
a mean rise of 27 mg./100 ml. in the stimulated 
and 12.5 mg./100 ml. in the controls, a differ- 
ence statistically significant (p < .01). Cats 
prepared surgically the day prior to the experi- 
ment in order to diminish stress showed lower 
initial lactate concentrations and greater in- 
creases with stimulation. l 

It is concluded that electrical stimulation of 
anterior sigmoid loci of the cerebral cortex 
causes increased secretion of epinephrine from 
the adrenal medulla. 


CEREBRAL BLoop FLow, Canpiac OUTPUT, 
CARDIAC WORK, MEAN ARTERIAL PRESSURE AND 
RicgHT HEART PRESSURE DURING POSTURAL 
SvNCOPE. F. A. Finnerty, Jr., E. A. Partenope, 
J. F. Fazekas,* J. C. Rose and L. S. Lilienfield. 

Dept. of Medicine, Georgetown Univ. School of 
' Medicine and the Georgetown Univ. Medical 
Division, District of Columbia General Hospital, 
Washington, D. C. 


In an attempt to clarify the pathogenesis of 
postural syncope cerebral and cardiac hemo- 
dynamic studies were performed in the 40? 
head-up tilt. Cerebral hypoxia was induced by 
lowering the arterial pressure acutely with 
intravenous hexamethonium and/or by posture. 
In the heterogeneous group of forty-six subjects 
studied, although the level of arterial pressure at 
time of syncope varied between 100.7 and 40.9 
mm. Hg, signs of cerebral hypoxia developed 
when the cerebral blood flow was reduced to 
31.5 cc./min./100 gm. brain (standard error 


0.98). With the onset of cerebral hypoxia, right 
ventricular pressures decreased sharply, intra- 
cardiac pressure waves broadened and flattened, 
and direct Fick cardiac outputs measured in 
twelve subjects showed .an average reduction of 
42.6 per cent with a range of 20 to 68 per cent. 
Cardiac work was reduced by more than 70 per 
cent in all patients, which together with the 
production of bradycardia explained the absence 
of angina and electrocardiographic changes. 

These observations are consistent with the 
concept that the mechanism of cerebral hypoxia 
was due to loss of vasoconstrictor tone which in 
these tilted subjects prompted failure of venous 
return, decrease in right ventricular pressure, 
decrease in cardiac output and finally a 
decrease in cerebral blood flow below the critical 
level. 


METABOLIC EFFECT OF QUINIDINE; EVIDENCE 
SUGGESTING IMPAIRMENT OF GLUCOSE UTILIZA- 
TION. R. H. Furman™ and R. P. Howard.* Cardio- 
vascular and Endocrinology and Metabolism 
Sections of the Oklahoma Medical Research 
Foundation, and the Dept. of Medicine, Univ. 
of Oklahoma School of Medicine, Oklahoma 
City, Okla. 


Since our initial report of nitrogen retention 
(“protein anabolic effect") during the adminis- 
tration of quinidine sulfate to human subjects, 
seven additional subjects have been studied. 
Complete metabolic balance studies were 
carried out in five, and significant nitrogen 
retention without salt or water retention was 
noted in four subjects. 

Studies of carbohydrate metabolism were 
carried out in three subjects: a forty-two year 
old man with remote myocardial infarction and 
two half-brothers, aged ten and six, with Von 
Gierke’s disease (hepatic only). Glucose toler- 
ance curves during quinidine administration 
revealed significantly impaired tolerance when 
compared with control curves. Because of the 
possibility that quinidine may alter cell per- 
meability to insulin, further tolerance studies are 
underway in additional subjects utilizing both 
glucose and fructose. According to Uyeki, 
Geiling and Dubois quinidine sulfate inhibits the 
oxidation of glucose, pyruvate and certain other 
substrates by rat heart slices, possibly by inhibit- 
ing transphosphorylating enzymes. 


EXPERIMENTAL BLOopD COOLING TO 1.5°C. WITH A 
PuMP-OXYGENATOR FOR OPEN CARDIAC SUR- 
GERY. F. Gollan (introduced by G. R. Meneely*). 
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Research Laboratory and Radioisotope Unit, 
Thayer V. A. Hospital, Nashville, Tenn. 


Cardiac surgery during hypothermia alone is 
limited by the short period of inflow occlusion 
and ventricular fibrillation; extracorporeal 
circulation has its drawback by tbe complexity of 
apparatus, the large coronary flow and the 
danger of air embolism. By a combination of 
the two approaches these difficulties were over- 
come. The entire venous return to the right 
heart was shunted into a pump-oxygenator, 
refrigerated and returned under pressure into 
the aorta. When satisfactory artificial oxy- 
genation was achieved the respirator was turned 
off. At 13?c. the heart stopped beating and the 
left atrium or ventricle was opened. The heart 
chambers were empty and, due to cardiac 
arrest, coronary air embolism did not occur. 
After about thirty minutes of cardiac arrest the 
heart was closed, the blóod was rapidly re- 
warmed in the extracorporeal circulation and 
normal cardiac and respiratory functions re- 
turned. The lowest body temperature reached 
was 1.5?c. Thirteen dogs survived this procedure 
without evidence of cerebral or cardiac damage. 
Four animals died of postoperative complica- 
tions. Nine dogs were observed for one month. 


RELATIONSHIP OF RIGHT ATRIAL PRESSURE TC 
Carpiac OurPuT FoLLOwING MYOCARDIAL 
DamaceE. A. C. Guyton,* A. W. Lindsey and B. N. 
Kaufmann. Dept. of Physiology and Biophysics. 
Univ. of Mississippi School of Medicine, Uni- 
versity, Miss. 


In quantitative experiments on dogs, the 
following dual effects of right atrial pressure on 
cardiac output have been studied: Increasing 
the right atrial pressure increases the filhng 
pressure in the heart itself and therefore in- 
creases the cardiac output; this is the well 
known Starling's law. Increasing the right atrial 
pressure also causes increased back pressure in 
the veins, which decreases the return of blood 
from the peripheral vessels to the heart. Whea 
these two opposing effects are equated, rigkt 
atrial pressure automatically assumes a level 
which allows the venous return to the heart to 
equal the output from the heart. The quantity of 
blood pumped by the heart is determined not 
only by the filling pressure in the right ventricle 
but also by the integrity of the cardiac muscle 
itself, for a progressively damaged myocardium 
pumps progressively less blood at any given right 
atrial pressure. Increasing the blood volume 
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increases the right atrial pressure and partially 
overcomes the diminished cardiac output due to 
myocardial damage. Graphs have been con- 
structed to depict how varying degrees of myo- 
cardial damage and varying fluid volumes 
determine right atrial pressure and cardiac 
output simultaneously. 


MALIGNANT HYPERTENSION: INFLUENCE OF RETI- 
NOPATHY, UremiA and UNDERLYING RENAL 
DISEASE ON MORTALITY AND SURVIVAL TIME. 
J. A. Hagans, A. A. Brust” and E. B. Ferris.* Dept. 
of Internal Medicine, Emory Univ. School of 
Medicine and Grady Memorial Hospital, 
Atlanta, Ga. 


Sixty-four patients with untreated malignant 
hypertension have been studied over an average 
observation period of four years. Duration of 
study was sufficient to evaluate the natural 
course since 88 per cent of the patients were 
dead at the close of the study. 

The presence or absence of uremia was the 
only important factor in mortality. Grade 3 
fundi, grade 4 fundi, underlying chronic renal 
disease or “essential’ hypertension did not 
influence mortality figures. Mortality for the 
period of study was strikingly less in those with- 
out uremia at initial contact (70 per cent); 
all patients with uremia were dead. Mortality 
was similar in patients with grade 3 and grade 4 
fundi (87 per cent and 88 per cent, respectively) 
but the grede 3 patients survived much longer 
(18.8 months) than the grade 4 (3.3 months). 
This difference was in patients without uremia 
as there was no difference in survival time of 
patients with grade 3 and 4 fundi who had 
uremia initially (all this holds true in both 
chronic renal and essential hypertensive groups). 
Uremic patients with chronic renal disease lived 
longer (6.4 months) than uremic patients in the 
essential hypertensive group (1.3 months). 


HEMATOLOGIC STUDIES IN HEAT STROKE: THE 
ANEMIA OF HEAT STROKE WITH EMPHASIS ON A 
HEMOLYTIC CoMPONENT. E. R. Halden, F. Jones, 
D. A. Sutherland and E. E. Muirhead. * Depts. of 
Medicine and Pathology, The Univ. of Texas 
Southwestern Medical School, Dallas, Tex. 


Fifteen patients with heat stroke were studied. 
The rectal temperature varied between 106- 
112?r. (10 between 108-112°r.). There were two 
age groups: seven aged thirty-two to fifty-four 
years (average, forty-six), eight aged sixty-three 
to ninety-seven years (average, seventy-five). The 
initial peripheral hemoglobin of 11.6—16 gm./ 
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100 cc. (average 13.6) decreased within about 
one week to 8.2-13.8 gm. (average, 10.7). 
There was no obvious blood loss. By autotrans- 
fusion the survival of the patients RBC was 
studied by the radiochromium method in thir- 
teen patients. An increased rate of RBC destruc- 
tion was detected in ten patients. The mean 
life-span values were: thirty to forty-five days for 
six, fifty to eighty days for four. Four-day stool 
urobilinogen in six patients averaged 242 mg. per 
day, giving a hemolytic index of about two times 
the upper limits of normal. Additional findings 
included: normal or slightly elevated WBC; 
slight reticulocytosis in five patients; thrombo- 
cytopenia in all (platelets « 100,000 in eleven); 
elevated ESR; elevated initial eosinophil count 
(680—1,300 per cu. mm.); prolonged clotting 
time in five patients; evidence of cell injury in 
the peripheral blood and bone marrow. 

The anemia of heat stroke is partly due to a 
hemolytic state and partly due to injury to the 
bone? marrow. It is plausible to consider the 
hemolysis related to the capillary stasis of this 
condition. 


EFFECT OF RESERPINE ON THE HyPOTHALMIC 
Presson Response. F. Harrison and A. Goth.* 
Dept. of Anatomy, Pathology and Pharmacol- 
ogy, The Univ. of Texas Southwestern Medical 
School, Dallas, Tex. 


The postulated hypothalamic site of action of 
reserpine was tested by direct electrical stimula- 
tion using the stereotaxic technic. Under chlo- 
ralose urethane anesthesia, blood pressure was 
recorded in twelve cats. The hypothalamus was 
stimulated repeatedly before and after the 
injection of reserpine (100-200 yg./kg.). In 
addition, epinephrine or L-norepinephrine was 
injected repeatedly in order to estimate vascular 
responsiveness to the sympathetic mediators. 
The following effects were observed following 
reserpine: progressive increase in responsiveness 
to injected epinephrine, gradual hypotension, 
bradycardia, moderate to marked decrease 
in the height and alteration of the shape of the 
pressor response to hypothalamic stimulation. 
The hypothalamic pressor response, following 
the initial depression, returned in some experi- 
ments to normal or even above. In these cases, 
however, there was such an exaggeration of the 
pressor effect of injected adrenergic drugs that 
this phenomenon may be due to increased 
vascular responsiveness rather than the return 
to normal sensitivity of neural structures. In 


acute spinal animals in which there is already 
hypotension and increased responsiveness to 
epinephrine, reserpine causes no further such 
effects. These results support the hypothesis that 
reserpine depresses the hypothalamus or its 
descending sympathetic pathways. 


SYSTOLIC MOVEMENTS OF THE PRECORDIUM AND 
OF THE Bopy IN PATIENTS WITH BUNDLE BRANCH 
Brock. T. R. Harrison,* E. E. Eddleman and 
1. J. Reeves. Dept. of Medicine, Medical 
College of Alabama, and the Medical Service 
of the V. A. Hospital, Birmingham, Ala. 


In normal subjects there is a sharp inward 
movement of the parasternal region about .03 
second before the onset of the carotid upstroke. 
lhis is thought to represent right ventricular 
ejection. In patients with right bundle branch 
block the time from the beginning of the ORS to 
the onset of the carotid upstroke is slightly 
prolonged while the time from the onset of the 
QRS to the sharp parasternal inward movement 
is more markedly prolonged. In patients with 
left bundle branch block the time from the 
ECG onset to right ventricular ejection appears 
to be slightly prolonged while the time elapsing 
between the onset of the QRS and the beginning 
of the carotid upstroke is markedly prolonged. 
It would appear that the contraction of each 
ventricle contributes somewhat to expulsion by 
the other ventricle. The onset of the G-H up- 
stroke and of the H-I downstroke of the ballisto- 
cardiogram is markedly delayed in right bundle 
branch block but there is minimal or no delay in 
patients with left bundle branch block. This 
suggests that structures activated by the right 
bundle play a predominant role in the genesis of 
these headward-footward movements of the 
body. ‘The precordial movements likewise tend 
to show alterations in the two conditions. 


RENAL HEMODYNAMIC RESPONSE TO PENTAPYR- 
ROLIDINIUM; COMPARISON WITH HEXAMETHONIUM. 
R. L. Hershberger (introduced by J. H. Moyer”). 
Baylor Univ. College of Medicine, Houston, 
Tex. l 
Pentapyrrolidinium is a ganglionic blocking 
agent of the quaternary ammonium group 
structurally related to hexamethonium but 
believed to have fewer side effects. Since this 
agent has been reported to be superior to 
hexamethonium in the treatment of hyperten- 
sion, a series of patients was studied for the 
effects of pentapyrrolidinium on renal hemo- 
dynamics in hypertension. Nine patients re- 


AMERICAN JOURNAL OF MEDICINE 


Southern Society for Clinical Research 143 


ceived continuous intravenous infusions and 
eight received single intravenous doses during 
renal clearance studies. These were compared 
with previous studies using hexamethonium. It 
was shown that: (1) Pentapyrrolidinium pro- 
duced a more pronounced and prolonged hypo- 
tension than that produced by hexamethonium. 
(2) After initial reduction in mean blood pres- 
sure by both continuous infusion and single 
injection of pentapyrrolidinium, glomerular 
filtration rate and renal blood flow were signifi- 
cantly depressed. Three hours after a single 
injection these functions increased significantly 
and approached control levels despite main- 
tained hypotension. With continuous infusions, 
however, both GFR and RBF remained de- 
pressed. (3) Sodium and water excretion were 
depressed initially and remained depressed. (4) 
Potassium excretion was not significantly altered. 
The over-all effect of pentapyrrolidinium on 
renal hemodynamics was essentially the same as 
that found with intravenous hexamethonium. 


Differences found were a reflection of the 


greater reduction of pressure produced by 
pentapyrrolidinium. 


ACUTE ELEVATION OF HEPATIC VENOUS AND 
ARTERIAL SERUM PorAssiuM Durinc HYPER- 
VENTILATION. J. B. Hickam,* W. P. Wilson and 
R. Frayser. Depts. of Medicine and Psychiatry, 
Duke Univ. School of Medicine, Durham, N. C. 


In the first one to two minutes of voluntary 
hyperventilation there appears a shift of the 
arterial CO» dissociation curve in a direction 
which considerably accentuates the alkalinity 
of the serum. This proves to result from an acute 
rise in serum potassium, averaging 1.3 mEq./L. 
after two minutes of hyperventilation (twelve 
subjects). In looking for the source of this potas- 
sium it was found that jugular venous ard 
peripheral venous potassium concentrations are 
slightly below arterial, but that hepatic venous 
serum has a much higher potassium content 
during hyperventilation than blood from any 
other site. In four subjects the mean increase in 
hepatic venous potassium was 2.3 mEq./L. Tae 
mechanism of this outpouring of potassium 
from the splanchnic region during early 
hyperventilation is not yet established. 

This phenomenon accounts for about 25 per 
cent of the pH rise during early hyperventilation. 
It may well play a significant part in certain of 
the phenomena associated with hyperv2n- 
tilation, such as tetany, . electrocardiographic 
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changes, and possibly some of the acute vaso- 
motor responses. The mechanism of this potas- 
sium rise may be related to that reported to 
occur when severe respiratory acidosis is 
abruptly relieved by overventilation, as in 
anesthesia during thoracic surgery. 


METABOLIC AND PsycHoLocic STUDIES Asso- 
CIATED WITH COLLEGE Rowine. S. Richardson 
Hill, Jr., H. M. Fox, B. Murawski, S. J. Gray, 
J. R. St. Marc and G. W. Thorn (introduced by 
T. R. Harrison*). Dept. of Medicine, Peter 
Bent Brigham Hospital, and Harvard Medical 
School, Boston, Mass. 


This study was designed in an attempt to 
clarify further the role of the adrenal cortex 
and various psychologic factors in the human 
response to stress. The subjects were members 
of a 1954 college varsity crew studied for six 
days during the final two weeks of preparation 
for the four-mile Harvard-Yale race. Eosinophil 
counts were taken at 9 A.M., 5 P.M. and 9 P.M. 
Four-hour urine specimens were collected from 
9 A.M. to 9 P.M. and one specimen from 9 P.M. to 
9 A.M. for determination of the 17-hydroxy- 
corticoid, 17-ketosteroid and uropepsin excre- 
tion. Psychologic measurements included two 
Rorschach tests, individual Thematic Apper- 
ception Tests and personal interviews. 

The eosinophil response showed a mean 20 
per cent increase on the control day, a 30 per 
cent decrease on the regular practice day, a 69 
per cent decrease on the time trial day and a 70 
per cent decrease on the race day, over the same 
5 to 9 p.m. period. The 17-hydroxycorticoid and 
17-ketosteroid data revealed highly significant 
(P < .01) differences between individuals and 
between tae race day as compared to the control 
and practice days, with no significant difference 
between values on the control day as compared 
with the practice day. On race day there was an 
obliteration (P « .01) of the daily diurnal de- 
crease in 17-hydroxycorticoids. Certain correla- 
tions have been made between metabolic 
response and personality structure. 


STUDY CF THE QUANTITATIVE RELATIONSHIP 
BETWEEN ANTIDIURETIC HORMONE AND RENAL 
TUBULAR REABSORPTION OF WATER. W. Hol- 
lander, Jr., T. F. Williams, C. C. Fordham, IIT, and 
L. G. Welt.* Dept. of Medicine, School of 
Medicine, Univ. of North Carolina, Chapel Hill, 
N. C. 


The rate of excretion of urine and the clear- 
ance of free water during physiologic diabetes 
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insipidus have been compared with those values 
observed during various constant rates of 
infusion of pitressin,® in healthy young adult 
males. A positive balance of water of approxi- 
mately 1 L. was maintained throughout each 
study. 

At relatively constant rates of solute excretion, 
the changes in the rates of excretion of urine 
(AV) and clearance of free water (ACg,o) are 
approximately equal and represent the in- 
creased rate of renal reabsorption of water 
resulting from the administered pitressin. At 
rates of infusion of pitressin between one and 
twenty milh-units per hour, the increase in 
rate of renal tubular reabsorption of water 
appears to vary as an exponential function of the 
rate of administration of pitressin according to 
the equation: ACs, = 2.7 (pitressin rate)? 5? 
Although not yet established unequivocally, the 
generality of this or a similar relationship is 
suggested by the high degree of statisucal signifi- 
cance with which the data fit this equation. 

It is inferred that, in the range studied, the 
increase in renal tubular reabsorption of water 
promoted by pitressin is approximately a func- 
tion of the square root of the rate of administra- 
tion of pitressin. 


ABSORPTION, TRANSPORT AND EXCRETION OF Cu®4 
IN THE NORMAL HUMAN AND IN PATIENTS WITH 
WhirsoN's Disease. W. N. Jensen and H. Kamin 
(introduced by T. B. Schwartz. *) Depts. of Medicine 
and Biochemistry, Duke Univ. School of 
Medicine, and V. A. Hospital, Durham, N. C. 


Non-isotopic copper studies have snown that 
there is a constant increase in brain and liver 
copper content, hypocupremia and hyper- 
cupuria in Wilson's disease. 

Cu® was administered orally to four normal 
subjects and three patients with Wilson’s 
disease. Radiocopper content of blood, plasma, 
urine and feces was measured over a sixty-hour 
period. All normals had an initial peak of 
plasma non-globulin-bound radiocopper, a 
decline during the next six to eight hours; fol- 
lowed by a second, progressive increase present 
during the remainder of the study. The second- 
ary rise consists of globulin-bound radiocopper. 
In Wilson's disease there was no secor.dary rise 
in total plasma or globulin-bound radiocopper. 
Urinary excretion correlated with the increased 
plasma non-globulin radiocopper. Fecal excre- 
tion of radiocopper was decreased. 

It is suggested that copper is transported from 
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the intestine to the liver; incorporated into a 
copper-globulin complex and released to the 
plasma. The initial peak of non-globulin-radio- 
copper represents leakage around the copper- 
globulin binding mechanisms when these are 
presented with increased quantities of copper. 
One defect in Wilson’s disease consists of a 
metabolic block at the copper globulin synthesis 
and/or release stage. Other abnormalities in 
copper metabolism may be secondary to this 
defect. 


ANALYSIS OF THE CHEMICAL EVENTS AND THEIR 
INTERRELATIONSHIPS WITH ALTERATIONS IN ECG 
Durinc RESPIRATORY ACIDOSIS AND ALKALOSIS. 
S. B. Joyner, D. A. Davis, D. T. Young, E. Craige 
and L. G. Welt. * Univ. of North Carolina School 
of Medicine, Chapel Hill, N. C. 


The chemical alterations induced by respiring 
high concentrations of CO, and hyperventila- 
tion with room air, have béen studied in three 


. groups of dogs as follows: (1) simultaneous 


arterial and central venous blood, (2) simul- 
taneous arterial, peripheral and hepatic venous 
blood, and (3) arterial blood samples in experi- 
ments conducted forty-eight hours following 
nephrectomy and injection with inulin. The 
effects of hypercapnia are: decrease in pH, 
increase in pCOs;, increase in inulin space, and 
an accession. of sodium, potassium, glucose 
and phosphorus to the inulin space. The incre- 
ment of sodium and potassium appears to be 
derived from the muscles, glucose from the liver 
(splanchnic area), and phosphorus from both. 
Hyperventilation promotes: an increase in pH, 
and a decrease in pCO» an increase in the 
inulin space is again observed, and larger 
increments of sodium and potassium, with 
smaller accessions of glucose, and inconstant 
increments of phosphorus to the inulin space. 
Sodium appears to leave muscle and liver, 
potassium is lost from liver but gained by muscle. 
The liver releases glucose, and both liver and 
muscle release phosphorus. 

The alterations in the ECG are not con- 
sistently predictable in terms of pH, pCO, or the 
concentrations of potassium in serum. 


RENAL SODIUM REGULATION: A COMPARISON OF 
THE EFFECT OF RECUMBENCY AND Neck Cow- 
PRESSION. G. A. Kelser, Jr. H. L. Izlar, 
E. H. Estes, Jr. and J. V. Warren.* Dept. of 
Medicine, Duke Univ. School of Medicine, and 
V. A. Hospital, Durham, N. C. 
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Sodium excretion has been reported to in- 
crease upon changing from the sitting to the 
recumbent position and upon compressing the 
neck of normal sitting subjects. Observations 
have been made on eight healthy individuals to 
estimate the magnitude of the effect of tnese 
maneuvers. Hourly urinary sodium values were 
obtained on a control day with the subjects in a 
sitting position drinking 200 ml. of a 0.14 per 
cent sodium chloride loading solution every 
thirty .minutes. The fifth through the eighth 
hours were designated test periods. In the test 
period on subsequent days either the horizontal 
position was assumed or a cuff was infiatec 
around the neck to a pressure of 20 mm. Hg in the 
sitting position. 

Recumbency produced a significant increase 
in sodium excretion in the seventh, eighth and 
ninth hours when compared with the control 
day (p « 0.01) and with the control period on 
the test day (p « 0.01). However, the values oa 
the neck compression day were not significantly 
different from the control day (p > 0.5) or the 
control period on the test day (p > 0.5). It :s 
concluded that this experimental design afforcs 
a valid method of investigation not only of the 
presence of sodium regulatory mechanisms but 
of their comparative importance. 


Errkcrs oF ACTH AND ROTHANE ON THE RENAL 
CLEARANCE OF THIOSULFATE. W. M. Kelsey, 
E. H. Yount, and J. M. Little. * Depts. of Pediatrics, 
Medicine and Pharmacology, Bowman Gray 
School of Medicine of Wake Forest College, 
Winston-Salem, N. C. 


During the course of a study of the effect of 
ACTH and rothane on renal function in the dog 


137 simultaneous measurements of C thiosulfate 


and C inulin were made under four circum- 
stances: (1) control, (2) ACTH, (3) rothane 
and (4) rothane plus ACTH. ACTH increased 
the C thiosulfate and statistically altered the C 
thiosulfate C inulin ratio when compared to 
control values. Rothane lowered the C th3o- 
sulfate and also resulted in an altered © thio- 
sulfate/C inulin. Rothane plus ACTH raised 
the C thiosulfate above control values but not 
to the level when ACTH was given alone. 
Pregnant dogs responded differently than non- 
pregnant animals when ACTH was given. 

It is suggestive that in the dog the renal 
clearance of thiosulfate approximates the GFR 
but does not actually measure it since iz is 
significantly less than the C inulin. During 
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ACTH administration the C thiosulfate equals 
the C inulin. This suggests that ACTH de- 
creases the renal tubular absorption of thio- 
sulfate. Increase in the excretion of thiosulfate 
was not accompanied by detectable changes in 
electrolyte or water re-absorption. 


ErrECTS OF ANGIOTONIN ON PULMONARY ARTERY 
PRESSURES OF ACUTE GoLpBLATT Docs. W. L. 
Kenoyer, L. G. May, A. Bennett, S. Y. T'sai and 
R. Gregory." John Sealy Memorial Laboratory 
and Dept. of Internal Medicine, Univ. of 
Texas Medical Branch, Galveston, Tex. 


Pulmonary artery pressures are normal in 
hypertensive patients. We have observed that 
this is true in dogs made chronically hyper- 
tensive by the Goldblatt method. It was further 
noted that angiotonin was capable of elevating 
pulmonary artery pressures as well as systemic 
pressures in normotensive and hypertensive 
patients and dogs. 

Since long-standing renal hypertensive dogs 
may have normal pulmonary artery pressures 
due to some adaptive mechanism, it was thought 
necessary to make similar studies in dogs made 
acutely hypertensive. Seven dogs were made 
hypertensive by the Goldblatt technic. Pul- 
monary artery and systemic pressures were 
measured in these animals before and at inter- 
vals following the development of systemic 
hypertension. In no case was the pulmonary 
arterial pressure elevated. In six dogs angiotonin 
was given during the acute phase of systemic 
hypertension. Each dog responded to angiotonin 
with an elevation of pulmonary and a further 
elevation of systemic pressures. 

These data do not support the concept that 
acute renal hypertension in dogs is due to 
angiotonin. 


CONCENTRATION OF TETRACYCLINE IN THE SERUM 
FOLLOWING PARENTERAL ADMINISTRATION. B. 
Kent, E. Shoemaker, E. Townsend, B. Bennett and 
E. M. Yew.* Baylor Univ. College of Medicine, 
and the Jefferson Davis and V. A. Hospitals, 
Houston, Tex. 


This study was designed to evaluate the level 
of tetracycline attained in the serum, the time 
of peak levels and the duration of significant 
levels following parenteral administration of the 
antibiotic. Fifty patients were given either single 
intramuscular injections, single intravenous 
injections or intramuscular injections at eight- 
hour intervals over a five-day period. The doses 
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ranged between 50 mg. and 500 mg. of the 
antibiotic. An additional group of patients with 
either hepatic or renal impairment were given 
the antibiotic and were compared with the 
normal patients. Serum was collected. at inter- 
vals over a twenty-four-hour period following 
single injections and daily in thcse patients 
receiving multiple injections. The concentration 
of the drug in the serum was determined by the 
- twofold serial dilution method. 

Following single intramuscular injections 
peak levels were reached in four hours, signifi- 
cant levels being sustained for eight hours fol- 
lowing 100 mg. injections and twelve hours 
following larger doses. These levels were ap- 
proximately twice as high as levels previously 
reported for equivalent oral doses. A tendency 
toward accumulation was noted only within 
250 mg. multiple doses. High levels were at- 
tained by intravenous administration of the 
drug, however, these were of shorter duration 
than those following intramuscular injection. 


RENAL RESPONSE TO AMMONIUM CHLORIDE 
Aciposis IN GLycosuRIG OsTEOMALACIA. L. H. 
Kyle,* J. J. Canary and R. J. Meyer. Dept. Medi- 
‘cine, Georgetown Univ. School of Medicine, 
Washington, D. C. 


Renal tubular disorders associated with 
osteomalacia comprise two major groups. One is 
characterized by hyperchloremic acidosis, and 
the skeletal demineralization is attributed to 
cation loss secondary to impaired urinary 
acidification. The other group, known as the 
Fanconi syndrome, manifests glycosuria and 
other reabsorptive defects. Although acidosis 
may occur in this type of tubular insufficiency, 
its mechanism has received inadequate study. 

Blood and urinary changes were followed dur- 
ing induction of ammonium chloride acidosis in 
three patients with glycosuric osteomalacia. The 
first patient, who had the infantile form of the 
disorder with cystinosis, showed a normal serum 
chloride, low bicarbonate and loss of bicarbonate 
in the urine. Ácid loading caused no increase in 
ammonia production. The 
demonstrated numerous reabsorptive defects 
and the chemical pattern of hyperchloremic 
acidosis. Minimal augmentation of urinary 
ammonia and titratable acidity resulted from 
administration of chloride. The third patient 
had glycosuria and hyperphosphaturia but the 
serum chloride and bicarbonate concentrations 
were normal. In this case, renal base-sparing 


second patient 
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mechanisms responded normally to administra- 
tion of ammonium chloride. 

These studies indicate that the two renal 
syndromes are not clearly separable and suggest 
the presence of factors other than cation loss in 
causation of osteomalacia. 


EFFECT OF BLOOD TRANSFUSIONS IN PATIENTS 
WITH PERNICIOUS Anemia. B. S. Leavell” and 
J. D. Mason, Jr. Dept. of Internal Medicine, 
School of Medicine, Univ. of Virginia, Char- 
lottesville, Va. 


In 1946 Davidson et al. reported that in 
pernicious anemia in relapse multiple trans- 
fusions caused erythropoiesis to change from 
megaloblastic to normoblastic’ without other 
therapy. Subsequent administration of liver 
extract produced reticulocytosis only if the 
erythrocytes were less than 5 milion. These 
results were attributed to the abolition of 
anemia anoxia. Because these findings were 
somewhat unexpected a similar study has been 
made and is the subject of this report. 

The effects of transfusions of whole blood or 
packed erythrocytes sufficient to produce a 
normal hematocrit have been studied in four 
patients with untreated pernicious anemia. 
Bone marrow aspirations were studied before 
and after transfusion and after Bi. therapy. In 
each patient erythropoiesis remained megalo- 
blastic until Bie was given although in some 
instances a shift from early megaloblasts to more 
mature forms occurred. In every patient the 
absolute reticulocyte count decreased following 
transfusions. Subsequent administration of Bye 
produced a definite though small response in the 
reticulocytes. The peak of this response occurred 


.in eight to ten days. One patient who received 


only 250 cc. of plasma before Bj» had a normal 
reticulocyte response. 

It is concluded that in these patients megalo- 
blastic erythropoiesis was depressed by trans- 
fusions but normoblastic maturation did not 
occur without specific therapy. 


RELATION BETWEEN THE ZONA RETICULARIS AND 
THE ZONA FASCICULATA OF THE ADRENAL 
CORTEX AND RENAL HeEMopynamics. J. M. 
Little,* E. H. Yount and W. M. Kelsey. Depts. of 
Physiology and Pharmacology, Medicine and 
Pediatrics, and the Laboratories of the A. H. 
Robins Co. Inc, Bowman Gray School of 
Medicine of Wake Forest College, Winston- 
Salem, N. C. 
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Inulin and PAH clearances were obtained in 
each of ten unanesthetized dogs on three days ta 
establish control levels. The dogs then received 
daily intramuscular injections of ACTHAR-gel. 
100 mg./M? for ten to twelve days, and the 
clearances were repeated between the fourth ana 
twelfth day of administration. In twenty-nine 
determinations, each the average of three 
periods, the mean changes in function and th2 
range compared to the controls were: Cin, +43.7 
per cent (+6 per cent to +95 per cent); 
Cpan, +52.4 per cent (—1 per cent to +117 per 
cent). Five dogs received rhothane (DDD) in 
daily oral doses of 14.5—200 mg./kg. for seven to 
sixty-six days. ln fourteen determinations tke 
mean changes from control and the range were: 
Cin, — 21.5 per cent (4-13 per cent to —44 per 
cent); Cpag, —13.4 per cent (+16 per cent -o 
—30 per cent). While continuing rhothane, 
ACTH administration was repeated. In nineteen 
determinations the mean changes from control 
and the range were: Ci, —3.2 per cent (+12 
per cent to — 19 per cent); Cpag, 47.1 per cent 
(4-42 per cent to —16 per cent). Four dcgs 
received rhothane (200—300 mg./kg. for seven to 
fourteen days) and ACTH simultaneously. In 
ten determinations the mean changes from ccn- 
trol and the range were: Cin +16.5 per cent 
(+54 per cent to —5 per cent); Cpau, +17.7 
per cent (+39 per cent to —6 per cent). The 


animals remained in good health without special ` 


care. Autopsies showed no renal damage and 
varying degrees of adrenal atrophy confined to 
the inner two zones. Conclusion: Alterations of 
the level of function of the zonae reticularis znd 
fasciculata affect the GFR. and RPF in the dog 
without appreciably altering the electrolyte 
balance. 


EFFECTS OF ACUTE ALTERATIONS IN CARBO- 
HYDRATE METABOLISM ON THE NET SPLANGENIC 
KETONE Propuction In MAN. H. T. McPherson, 
E. E. Werk, F. L. Engel* and J. D. Myers. * Dept. 
of Medicine, Duke Univ. School of Medicine, 
Durham, N. C. 


Utilizing hepatic venous catheterization, we 
have previously reported a technic for studying 
net splanchnic ketone production (NSKP) 
quantitatively in man before and after the 
intravenous infusion of sodium octanoat2, a 
known ketone precursor. The present szudy 
concerns the effects on NSKP of acute akera- 
tions in carbohydrate metabolism in mild y ill 
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males with non-metabolic illnesses, studied in the 
postabsorptive state. 

Four groups of subjects were studied: (1) the 
control group receiving octanoate alone; (2) 
those receiving glucose mixed with octanoate; 
(3) those receiving glucose + insulin mixed 
with octanoate; and (4) a group studied three 
hours after a brief period of hypoglycemia. 











NSKP During 
Group Basal jum/min./| Na Octa- 
M? noate 
Control (octanoate 
alone). ie ds 34 158 +124 
= a + 
5.20 6.86 7.36 
Glucose in octanoate.; 35.8 106.5 +70.5 
t T + 
6.60 22.37 18.34 
Glucose -+ insulin in 
octanoate......... 36.6 125 -+88.4 
T, + x 
12.06 17.14 6.07 
Three hours after 
hypoglycemia..... 160.7 266.3 105.6 
t az Es 
46.0 43.5 27.8 


In both the glucose and glucose + insulin 
groups there was a statistically significant reduc- 
tion in the increment of NSKP expected during 
octanoate infusion. Three hours after a brief 
period of hypoglycemia there was a markedly 
increased basal NSKP; however octanoate 
infusion induced no greater rise in NSKP than 
that of zhe control groups. The relationship of 
these quantitative findings to the so-called 
*Somogyi effect? noted clinically will be 
discussed. 


EVALUATION OF RADIOSULFATE AS A MEASURE OF 
EXTRACELLULAR VOLUME IN EDEMATOUS PA- 
TIENTS. L. L. Madison, H. C. Teng, D. W. Seldin,* 


A. F. Reid and R. MacDonald. Depts. of Internal: 


Medicine and Biophysics, Southwestern Medical 
School of The Univ. of Texas, Dallas, Tex. 


To evaluate radiosulfate as a means of meas- 


uring extracellular volume in edematous states, 


three approaches were planned in order to 
circumvent Jack of adequate reference stand- 
ards: che time of diffusion equilibrium was 
empirically determined by comparing concen- 
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trations of S?5 simultaneously in plasma, edema 
and ascites for fifteen hours; the validity, of 
calculations of the S?* space was tested oy 
comparing theoretic time curves of appearance 
of S3* in edema fluid with experimental curves; 
decrements in extracellular volume (diuresis or 
paracentesis) were compared with changes in 
radiosulfate space in the same subjects. Eleven 
edematous subjects were studied and eigat 
restudied when edema-free. 

Results indicate that radiosulfate is a suitable 
agent for measuring extracellular volume :n 
edematous states for the following reasons: (1) 
mean time for diffusion equilibrium between 
plasma and ascitic fluid is 5.5 hours and between 
plasma and edema fluid is 11.3 hours; (2) mean 
changes in radiosulfate space from edematous 
state (24.8 L.) to edema-free state (11.4 L.) cox- 
pared favorably with decrements in extra- 
cellular volume reflected by decreases in weight 
(13.6 kg.); (3) theoretic (derived from plasma 
data only) and experimental time curves of 
appearance of S35 into edema fluid were in 
excellent agreement. 


SOME METABOLIC CHARACTERISTICS OF TUBER- 
CULOUS Animas. S. P. Martin,* R. Green anc 
C. D. Cooper. Depts. of Medicine and Bacteriology. 
Duke Univ. School of Medicine, Durham, N. C. 


Tissues of animals infected with Mvcobacte- 
rium tuberculosis have a low succinic dehydro- 
genase activity and this can be restored by a 
nucleotide from normal tissue. The activity of 
this nucleotide can be duplicated by coenzyme A 
which has been treated with nitrous acid. This 
study deals with other metabolic effects noted in 
tuberculous animals. | 

Studies were carried out on the ability of 
infected animals to acetylate paraaminobenzoic 
acid. Control and infected guinea pigs were 
given 1 mg. of paraaminobenzoic acid and urine 
collected over a twelve-hour period. The free 
and acetylated derivatives were measured. The 
degree of acetylation in the control animals was 
0.883 + 0.037, in the infected animals 0.635 + 
0.075 mg. (p « 0.02). Studies were also carried 
out on non-protein sulfhydryl content of the 
tissues. The kidneys of infected animzls have 
an elevated non-protein sulfhydryl content. 
Control values were 77 + 3 mg. of glutathione 
per 100 gm. of tissue compared with 107 + 9 
(p < 0.01) for the infected animals. 

It is suggested that these changes indicate 
disturbance in metabolism of high energy 


compounds and in protein synthesis which may 
account for part of the clinical picture of this 
disease. 


MixiNG 1N BroLooicAL Systems. G. R. Meneely.* 
Research Laboratory and Radioisotope Unit, 
Thayer V. A. Hospital, and Dept. of Medicine, 
Vanderbilt Univ. School of Medicine, Nashville, 
Tenn. 


A differential equation may be derived from 
the assumptions that the rate of mixing or disap- 
pearance of tracer substances is not only propor- 
tional to concentration but also inversely 
proportional to time. The integral of this 
equation is: 


Exponential form: y = Cit^* 
Log form: log y = —k log t + log Ci. 


Since the tracer is already at a finite dilution 
when introduced the paradox of divergence of 
the time integral at zero time 1s resolved. This 
formulation or one derivative from it provides 
extraordinarily closely fitting curves to the most 
diverse sorts of biological mixing data such as the 
disappearance of radiopotassium from the blood 
of rats, of radiosodium from the blood of man, of 
radiobromine from the blood of the dog, of 
diiodotyrosine from the blood of the rat, of 
methenamine mandelate from the blood of man, 
and of helium mixing in the human lung. By 
double logarithmic plot it is easy to test whether 
given data may be fitted and the constants C, 
and k may be evaluated directly. 


RELATIONSHIPS BETWEEN HALF-SECOND EXPIRA- 
TORY Capacity Test AND LuNG VOLUMES AND 
INDEXES OF ÍNTRAPULMONARY GaAs DISTRIBUTION 
IN EIGHTY-FIVE PATIENTS WITH Various PUL- 
MONARY DisorpERS. W. F, Miller, R. L. John- 
son, Jr. and Nancy Wu (introduced by D. W. 
Seldin*). Dept. of Internal Medicine, South- 
western Medical School of The Univ. of Texas, 
Dallas, Tex. 


By plotting in a quadrantic system pulmonary 
stroke volume (estimated from vital capacity) 
and velocity air-flow (estimated from half-second 
expiratory capacity, 0.5 Sec. EC), precise 
expressions of the nature and extent of ventila- 
tory insufficiency are obtained. By this method 
ventilatory defects were characterized as: ob- 
structive (decreased velocity air-flow), restrictive 
(decreased pulmonary stroke volume), and 
combined. To examine the significance of 
ventilatory disturbances revealed by this analysis 
the anatomic extent of disorders was estimated 
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from residual volumes and total capacities, 
while their physiologic significance was esti- 
mated from indexes of intrapulmonary mixing. 
The obstructive group revealed normal or 
increased total capacities (TC = 133 + 33 per 
cent) and residual volumes (RV = 149 + 32 
per cent). The restrictive group revealed de- 
creased to normal TC (74 + 11 per cent), and 
normal to increased RV (94 + 29 per cent). 
The combined group showed normal to de- 
creased TC (87 + 14 per cent) and decreased 
to increased RV (136 + 50 per cent), depending 
on the extent of the obstructive component. 
Thus classification of ventilatory defects by 
0.5 Sec. EC tests correlates well with anticipated 
anatomic alterations in lung volumes. The 0.5 
Sec. EC correlated excellently with the index of 
intrapulmonary mixing (r = 0.924). Thus veloc- 
ity air-flow determines in part effective ventila- 
tory gas exchange. 

The classification of ventilatory disturbances 
by 0.5 Sec. EC test provides excellent insight into 
the anatomical nature of the disturbances as 
well as their physiologic significance. 


TREATMENT OF HYPERTENSIVE EMERGENCIES 
WITH PARENTERAL RESERPINE. J. H. Moyer,* 
W. M. Hughes, W. C. Daeschner, Jr. and 
E. W. Dennis.* Baylor Univ. College of 
Medicine, Houston, Tex. 


Three groups of hypertensive patients were 
treated with reserpine by parenteral administra- 
tion for periods varying from one to seventeen 
days: (1) severe, progressive, hypertensive car- 
diovascular disease (ten patients with malignant 
hypertension and four patients with severe, 
benign essential hypertension); (2) toxemia of 
pregnancy (six patients); and (3) acute glomer- 
ulonephritis in children (eight patients). The 
drug was administered at intervals of four to 
twenty-four hours either intravenously or intra- 
muscularly in doses of 2.5 to 5 mg. in adults 
and 25 to 100 ug./kg. of body weight in children. 
The blood pressure response after administration 
of reserpine was characterized by a latent period 
of one to three hours following which the blood 
pressure usually decreased to normotensive or 
moderately hypertensive levels for a duration of 
two to twenty-four hours or longer. All of the 
patients except one obtained a significant reduc- 
tion in blood pressure and 70 per cent became 
normotensive in the supine position. Excessive 
hypotension was rarely observed. Papilledema 
disappeared in seven of eleven patients, and hy- 
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pertensive encephalopathy was relieved in four 
of six patients. It is concluded that parenteral 
reserpine is an effective and safe agent for the 
therapy of hypertensive emergencies. 


ROLE OF FEMALE GENITAL FUNCTION IN CREA- 
TINE METABOLISM AS REVEALED BY THE SERUM 
CREATINE TOLERANCE Test. J. H. -Peters,* 
R. Snyderman and J. C. Crutoher. Investigative 
Medicine Service, V. A. Hospital, Atlanta, Ga.; 
Dept. of Medicine, Emory Univ. School of 
Medicine, Emory University, Atlanta, Ga.; and 
the Dept. of Research Medicine, Univ. of 
Pittsburgh School of Medicine, Pittsburgh, Pa. 


The sex differences long-recognized in crea- 
tine metabolism have been indirectly explained 
by the demonstration that androgen therapy 
can suppress creatinuria in preadolescent boys 
and in disease states. However, since the female 
gonads might still be a factor in the main- 
tenance of creatine intolerance in females, 
studies were undertaken using serum creatine 
tolerances. Normal females were compared with 
postmenopausal individuals and with patients 
previously subjected to ablation of ovarian 
and/or uterine function by surgery or radiation. 

Results indicate that the relative creatine 
intolerance characteristic of the adult female is 
not affected by the presence or absence of 
functioning sex organs, but the findings do sug- 
gest that inability to dispose of exogenous 


creatine in serum increases with age independent 


of gonadal status. From these findings it may be 
concluded tnat androgen secretion in the male, 
rather than female sex function, is responsible for 
the well known difference in creatine metabolism. 


Factors INFLUENCING PULMONARY COMPLIANCE 
IN Heart Disease. W. W. Pryor, J. B. Hickam, * 
E. B. Page and H. O: Steker. Dept. of Medicine, 
Duke Univ. School of Medicine, Durham, N. C. 


In congestive heart failure the lungs become 
stiff (low compliance). The role this change in 
pulmonary distensibility plays in producing 
cardiac dyspnea has stimulated considerable 
interest. However, little has been done to define 
the effect of pressure changes in the various 
partitions of the pulmonary vasculature and 
parenchymal alterations on compliance. Pa- 
tients with mitral stenosis, apparent primary 
pulmonary hypertension, pulmonary stenosis 
and normal subjects receiving rapid infusions of 
albumin were studied to find some of the answers 
to this problem. Compliance is measured as: 
lung volume change (liters)/intraesophageal 
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pressure change (cm. H:O) (normal .170 + .05 
lying). | 

Results revealed (1) “PO” pressure need not 
' be elevated since subjects with apparent primary 
pulmonary hypertension had low compliance 
(e.g. average .090); (2) al patients with 
elevated pulmonary artery pressure kad reduced 
compliance (e.g. mitral stenosis .075, pulmonary 
hypertension .090); (3) subjects with pulmonary 
stenosis have compliance values which are high 
normal (e.g. .205); (4) normal sub'ects have a 
fall in compliance following rapid infusion of 
albumin in amount sufficient to elevate central 
venous pressure 6-8 mm. Hg (e.g. control .123, 
after albumin .087). 

Conclusions: (1) pulmonary hypertension is 
associated with stiff lungs; (2) elevation of 
“PO” pressure is not necessary for this change; 
and (3) permanent parenchymal changes need 
not be present. 


CLINICAL EVALUATION or [RON TURNOVER 
STUDIES. C. E. Rath, R. Peterson and P. McCurdy 
(introduced by H. Jeghers*). Dept. of Medicine, 
Georgetown Univ. School of Medicine, Wash- 
ington, D. C., and the National Inst. of Health, 
Bethesda, Md. 


Following the studies of Huff on the rate of 
plasma clearance and red cell utilization of 
intravenously injected radioactive iron, there 
has been considerable dispute regarding the 
clinical value of such studies. The present report 
deals with a clinical evaluation of plasma and red 
cell radioiron turnover in twenty patients 
(twenty-eight turnovers) and a comparison of 
the findings with those in fifteen normal adult 
males and females. 

The patients studied included iron deficiency, 
refractory anemia, anemia of Addison's disease, 
hemochromatosis, a variety of hereditary hemo- 
globin abnormalities, aplastic anemia, myeloid 
metaplasia, uremia, cirrhosis and acquired 
hemolytic anemia. 

It is concluded that iron turnover rate 
studies, when properly interpreted, give valid 
information regarding marrow function and red 
cell destruction and that the information thus 
obtained is of value in selecting patients for 
splenectomy and in the diagnosis of certain 
obscure anemias. Calculations of value include 
the metabolic iron pool size, number of pools 
turned over per day, mg./Fe turned over per 
day, per cent and rate of incorporation of RaFe 
into circulating red cells, and. per cent red cell 
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mass turned over per day. Substantiating data 
will be presented. 


Biotocic Decay RATES AND EXCRETION OF 
Rapiocesium, Cs!84, ın Docs. C. T. Ray, * G. E. 
Burck* and S. A. Threefoot.* Tulane Univ. School 
of Medicine, New Orleans, La. 


Aspects of cesiokinetics were studied with Cs!*4 
in three dogs observed continuously under 
metabolically controlled conditions for forty- 
seven days. CI?5, Na?* and K”? were studied 
simultaneously. The data indicated: (1) 0.4 to 
0.8 of Cs!?* in the plasma was transferred per 
minute to the extraplasma compartments and 
0.04 to 0.06 of that in the extraplasma compart- 
ments returned to the plasma per minute. 
(2) Half of the injected tracer was excreted in 
the urine and stools in seventeen to thirty-nine 
days, twenty-seven to forty-six days being 
required to excrete half in the urine alone. From 
50 to 55 per cent of the injected dose was 
recovered in urine, 8 to 14 per cent in stools, 8 
to 37 per cent remaining in the body. (3) At no 
time was equilibrium of distribution reached. 
(4) Rates of urinary clearance of Cs!** varied 
from 43 to 57 per cent of K??. (5) Cs'4 is not as 
satisfactory a tracer of K?? as is Rb?$. 


Coronary Broop FLow AND MYOCARDIAL 
CARBOHYDRATE METABOLISM IN MITRAL STENO- 
sis. J. L. Read, R. R. Porter” and S. C. Bradford. 
Cardiovascular Section of the Medical Service 
and Cardiovascular-Pulmonary Research Labo- 
ratory, McGuire V. A. Hospital, and the 
Cardiovascular Div. of the Dept. of Medicine, 
Medical College of Virginia, Richmond, Va. 


In six patients with advanced mitral stenosis, 
the coronary blood flow was measured using the 
technic of coronary sinus catheterization and the 
nitrous oxide method of Kety and Schmidt. 
Cardiac output was determined by the Fick 
principle. In addition, direct analyses were 
made of the coronary A-V differences of oxygen, 
glucose, lactate and pyruvate. 

The coronary blood flow was reduced in all 
cases, with a range of 57 to 74 cc./100 gm./min. 
compared to the normal range of 91 to 103 cc./ 
100 gm./min. The coronary A-V oxygen differ- 
ence varied from 9.5 vol. per cent to 15.38 vol. 
per cent compared to the normal range of 10.00 
to 12.00 vol. per cent. The cardiac index in the 
Six cases was reduced, with a range of 1.36 to 
3.93 L./min./M? and a mean of 2.35. The mean 
coronary glucose A-V difference was 5.5 mg. per 
cent compared to the normal of 2.66 mg. per 
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cent. The mean coronary lactate A-V difference 
was 1.93 mg. per cent and the mean coronary 
pyruvate A-V difference was 0.65 mg. per cent, 
essentially normal values. 

The significantly reduced coronary blood flow 
indicates either a reduced requirement for 
coronary blood flow or an inability to maintain 
a normal coronary flow because of the stenotic 
mitral valve. Since the reduction in coronary 
blood flow correlated with the reduction in 
cardiac index, with the increase in the coronary 
oxygen A-V difference and with the calculated 
left ventricular efficiency, it would appear that 
the latter is the most likely explanation. Because 
of the reduced coronary blood flow, adaptive 
mechanisms apparently allow a greater extrac- 
tion of glucose than normally occurs with a 
given arterial glucose level. 


AcuTE EFFECTS OF MERCUHYDRIN ON CARDIAC 
OurPUT AND URINARY EXCRETION. A. Ruskin 
(introduced by R. Gregory™). The Univ. of Texas 
Medical Branch, Galveston, Tex. 


Right intracardiac pressures have been found 
by Lenégre to decline right after mercurial 
administration, indicating a possible immediate 
improvement in cardiac output before its direct 
renal effects in heart failure. 

Twelve patients were given 2 cc. of mercu- 
hydrin intravenously. Two  fifteen-minute 
control periods were compared to three fifteen- 
minute postdrug periods. In seven subjects not in 
heart failure urine sodium and chloride (mEq./ 
min.) rose rapidly in all. Urine potassium rose 
in three, but fell later below control levels in six 
cases. Urinary volume rose significantly in four 
patients. Venous pressure varied irregularly. 
Cardiac output (ballistocardiographic) rose 
immediately in four cases (excitement?) but 
declined (later especially) in six, remaining 
unchanged in one. Five heart failure patients all 
showed rapid rises in sodium, then chloride and 
water excretion, a rise in potassium excretion in 
four cases and a fall in one case. Venous pres- 
sure fell rapidly in four patients, and was 
unchanged in one; later ascended in two. 
Cardiac output fell early in three cases, but rose 
after diuresis in four of five patients above control 
levels. - | 

The results reaffirm the primary renal mecha- 
nisms of mercurial diuresis, and the secondary 
cardiac effects. 


EFFECT OF HEXAMETHONIUM-INDUCED GANGLI- 
ONIG BLOCKADE ON RENAL FUNCTION IN PATIENTS 


Jurv, 1955 


WITH CONGESTIVE HEART Faiture. H. W. 
Schnaper, R. D. Kovach and E. D. Freis.* V. A. 
Hospital and the Georgetown Univ. Hospital, 


-= Washington, D. C. 


The improvement in cardiovascular function 
recently reported by Kelley, Freis et al. and 
Brodh and coworkers following administration of 
ganglionic blocking agents to patients in con- 
gestive heart failure prompted the current 
investigation into the physiologic changes in 
renal function in patients in congestive failure in 
response to acute doses of hexamethonium. 
It was found in eight control studies that renal 
plasma flow (RPF) was diminished and glo- 
merular filtration rate (GFR) proportionately 
less diminished in the subjects with congestive 
failure, resulting in an increased filtration frac- 
tion (FE). After intravenous dosage of hexa- 
methonium sufficient to cause ganglionic in- 
hibition, as measured by sustained diminution in 
blood pressure and mydriasis plus conjunctival 
injection, both GFR and RPF decreased in four 
cases in the first fifteen to thirty minutes, with 
little resultant change in FF. After this initial 
drop, and despite continued inhibition of the 
ganglionic impulse, RPF and GFR both 
returned to control values or above, keeping FF 
relatively unchanged. In four cases there was no 
drop in RPF and GFR after hexamethonium 
injection, and in two cases the rebound values 
exceeded the control values. 

These data are at odds with those reported by 
Brodh and coworkers who found a significant 
increase in RPF in congestive failure patients 
following blockade with dibenzylene. 


SPECIFIC THERAPY FOR SALICYLATE POISONING. 
5. E. Schreiner, L. B. Berman, J. Griffin and J. Feys 
“introduced by L. H. Kyle*). Dept. of Medicine, 
Georgetown Univ. Hospital, Washington, D. C. 


Salicylates account for 4 per cent of fatal 
poisonings due to solids and liquids in the United 
States. Surprisingly little data are available on 
fatal dosages, blood levels, distribution of 
salicylate, protein binding, etc. There has been 
m specific therapy. Abel in 1913 removed 
selicylate from animals by vividiffusion. Doolan 
e: al. reported removal of some salicylate from a 
human during one hour of dialysis. Successful 
dialysis has not been reported. 

This report concerns a patient who ingested 
210 gm. of aspirin and was comatose with 
hyperthermia, hyperpnea, ketosis, absent corneal 
redexes and a blood salicylate level of 90 mg. per 
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cent. Dialysis resulted in rapid clinical and 
chemical recovery. Hypoprothrombinemia did 
not become normal until forty-eight hours after 
the salicylate level was zero. 

Preliminary calculations derived a volume of 
distribution for salicylate compatible with 
extracellular fluid. Studies of protein binding 
showed mo interference with dialysis. The 
clinical course is compared with a patient who 
ingested a smaller amount of aspirin but had a 
similar blood level and was treated supportively. 
The amount of salicylate recovered in the bath 
in six hours in Case 1 exceeded that recovered in 
the urine in 144 hours in Case 2. 


ANTIHYPERTENSIVE EFFECT OF METAL BINDING 
AGENTS. H. A. Schroeder,* H. M. Perry, Jr. and 
E. M. Menhard. Hypertension Div., Dept. of 
Internal Medicine, Washington Univ. School of 
Medicine, St. Louis, Mo. 


Non-neurogenical acting antihypertensive 
agents (thiocyanate, nitroprusside, azide, hydra- 
zinophthalazines, mercaptans) have in common 
an affinity for transition and nearby metals. 
Therefore, 5 mg. each of a series of nine disodium 
ethylenediamine tetraacetates (EDTA) of in- 
creasingly tightly bound divalent metals was 
assayed for vasoactivity in groups of normo- 
tensive and renal hypertensive rats, blood pres- 
sure being recorded on a Sanborn electro- 
manometer. The significant changes occurred 
in hypertensive but not normotensive animals, 
mean diastolic pressure being depressed 30, 42, 
28, 43, 60 and 50 mm. Hg by hydrogen, calcium, 
manganous, chromous, ferrous and cobaltous 
chelates, respectively, and less than 20 mm. by 
zinc, cupric and nickelous chelates. Vasoactivity 
became negligible when the log Ke of the chelate 
exceeded 16.5, indicating tight binding. Similar 
differential effects were observed with the 
tetrahydrogen and lesser with the magnesium 
chelates while the ferric was pressor. A poly- 
aminocarboxylic acid and 8-hydroxy quinoline 
were likewise depressor only in hypertensive 
rats. Zinc, ferrous and manganous ions as 
chlorides were relatively inert, nickelous was 
pressor and cobaltous differentially depressor. 
No marked effect was observed after oral or 
parenteral calcium or magnesium EDTA in 
hypertensive patients. These results are con- 
sistent with the zn vivo binding of metal, the logs 
Ke of which approximate 16.5 for EDTA. 


CEREBRAL CIRCULATORY EFFECT OF THE ADMIN- 
ISTRATION OF 3 PER CENT CO; TO SUBJECTS WITH 


CHRONIC PULMONARY INSUFFICIENCY. W. Sensen- 
bach, L. Madison and S. Eisenberg (introduced by 
E. S. Sulkin™). Dept. of Internal Medicine, 
Southwestern Medical School of The Univ. of 
Texas, and the Dept. of Medicine, V. À. Hospi- 
tal, Dallas, Tex. 


CO? 3 per cent, Os 21 per cent, CO; 3 per cent, 
and Os 97 per cent were administered to four- 
teen subjects with chronic pulmonary insufb- 
ciency. Arterial Os saturation, pCO, and pH 
were determined before and after, CBF at the 
end of, each breathing period. a 

Administration of 3 per cent GOs, 97 per cent 
Os significantly changed CBF (47 per cent 
increase) and CVR.. (25 per cent decrease); 
CBF, CVR were unaltered by 3 per cent CO», 
21 per cent Os; CMR Os, CMR glu. did not 
change with either mixture. Arterial Os satura- 
tion increased (86—93 per cent) with 3 per cent 
COs, 21 per cent Ox and 3 per cent CO;, 97 per 
cent Os (82-100 per cent). pH did not change 
with either mixture. The most striking finding 
was the unexpectedly small rise in arterial 
pCO, after inhalation of the CO, mixtures, 
when compared to the marked hypercapnea 
produced with 100 per cent Os. 

The findings suggest that cerebral circulatory 
changes accompanying administration of high 
oxygen mixtures to subjects with chronic pul- 
monary insufficiency are more intimately re- 
lated to changes in arterial Os saturation than to 
changes in blood pH or pCO». The slight rise in 
arterial pCO, despite administration of COs 
loads suggests the existence of chemoreceptors in 
the lung sensitive to increased CO, tension of 
inspired air. 


TREATMENT OF PosTURAL HYPOTENSION WITH A 
COUNTERPRESSURE GARMENT. H. O. Sieker, J. B. 
Burnum, J. B. Hickam* and K. E. Penrod. Dept. 
of Medicine, Duke Univ. School of Medicine, 
Durham, N. C. 


Postural hypotension may be a severe dis- 
abling illness which is difficult to treat. Experi- 
mentally, counterpressure to the lower half of 
the body will prevent symptoms. For this pur- 
pose a garment has been developed which 
consists of tailored graded-pressure nylon-elastic 
knit trousers that apply 15 to 20 mm. Hg 
pressure. 

To study the hemodynamic effects of this 
garment, an air-filled full-pressure anti-g suit 
which applies a similar pressure was used on 
eight postural hypotensive patients. Arterial 


AMERICAN JOURNAL OF MEDICINE 


Southern Society for Clinical Research 153 


pressure, cardiac output and pulmonary arterial 
pressure were determined while supine and 
erect, unprotected and protected. The suit 
alleviated the symptoms including syncope 
which occurred with standing. The average 
fall of mean arterial pressure with tilt was 
45 mm. Hg unprotected and 8 mm. Hg pro- 
tected. With tilt the average decrease in cardiac 
output was 46 per cent without counterpressure 
and 21 per cent with counterpressure. The mean 
pulmonary arterial pressure fell 6-8 mm. Hg 
with release of counterpressure while standing. 
This evidence indicates that the pressure suit is 
effective by increasing peripheral arterial re- 
sistance and venous return to the heart. 
Individually tailored elastic garments have 
been used in three of the severest cases of postura. 
hypotension for twelve to twenty-two months. 
The suit has been practical and successful in 
returning these patients to useful activity. 


ELECTROMAGNETIC MEASUREMENT OF BLOOD 
FLow THROUGH INTACT HUMAN ARTERIES. 
M. P. Spencer, A. B. Denison, Jr., W. F. McGuire 
and R. T. Myers (introduced by H. D. Green”). 
Depts. of Physiology and Pharmacology, Urology 
and Surgery, Bowman Gray School of Medicine 
of Wake Forest College, Winston-Salem, N. C 


Measurements of blood flow through intact 
" blood vessels has been made practical by a recent 
development of the electromagnetic method of 
flow recording. The sources of instability of 
previous systems have been considerably reduced 
by use of a square-wave magnetic field and an 
AC amplifier containing a chopping circuit to 
eliminate electrode voltages induced during 
reversal of the magnetic field. 

The unit applied to the blood vessel consists of 
a small U-shaped electromagnet imbedded in 
plastic with a slot at the open end to accorn- 
modate the vessel and provided with two stain- 
less steel electrodes. The size and shape of this 
magnet electrode assembly is altered to meet tne 
particular application. The vessel unit can be 
sterilized and is easily applied. The sensitiv:ty 
of each unit, determined by in vitro calibraticns 
of blood forced through an artery or vein, is 
linear and constant. 

To date the meter has been applied to the 
renal artery in four instances of nephrectomy 
and to the femoral artery during replacement of 
a thrombosed segment with a vein graft. These 
and other applications will be discussed. 


JULY, 1955 


THE ANEMIA OF UREMIA: HEMOLYTIC STATE 
MEASURED BY THE RADIOCHROMIUM METHOD. 
D. A. Sutherland, S. McCall, F. Jones and E. E. 
Muirhead.* Radioisotope Unit, Dallas V. A. 
Hospital, and the Depts. of Medicine and Pa- 
thology, The Univ. of Texas Southwestern 
Medical School, Dallas, Tex. 


The anemia of chronic uremia was studied in 
eleven patients by means of the autotransfusion 
of CR*! tagged RBC. Two patients revealed 
normal RBC survival indicating a bone marrow 
dysfunction only. The RBC survival was signif- 
icantly lowered in the remaining nine patients as 
indicated by the following values (in days) 
for the mean life-span: twenty-five, thirty, 
thirty, thirty, thirty-five, forty, forty-five and 
fifty-five (normal values eighty to ninety days). 
In two cases the same shortened life-span ob- 
tained by autotransfusion was detected by 
transfusion of tagged RBC from the uremic 
patients into normal subjects. The transfusion 
of normal RBC into one of these patients yielded 
a normal life-span. 

Four normal dogs were subjected to bilateral 
nephrectomy and no dialysing procedure. Four 
days later the RBC from the uremic animals 
were tagged with Cr*! and transfused into nor- 
mal dogs. The mean life-span of these RBC was 
fifteen days (normal eighty to ninety days). 

The anemia of uremia in most of these exam- 
ples resulted in part from a hemolytic state due 
apparently to alterations of the RBC. Indica- 
tions for a bone marrow dysfunction were also 
noted. 


Acute EFFECT or HEPARIN ON CEREBRAL BLOOD 
FLOW ANn CEREBRAL METABOLISM. R. W. Talley 
(introduced by P. L. Day*). Dept. of Medicine, 
Univ. of Arkansas School of Medicine, Little 
Rock, Ark. 


Studies of the cerebral blood flow (CBF), 
cerebral oxygen utilization (CMRO);), cerebral 
vascular resistance (CVR), and cerebral glucose 
utilization (CMRG) were made before and after 
a large dose of heparin in eleven aged patients. 
All of these patients were in a state hospital for 
nervous and mental disease and had varying 
degrees of mental deterioration apparently due 
to cerebral arteriosclerosis. 

lhere was no correlation between degree of 
mental deterioration and the rate of CBF. 
Forty-eight to seventy-two hours after the con- 
trol study the patient was given 200 mg. of 
heparin intravenously. Three hours after the 
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administration of the heparin a repeat cerebral 
blood flow study was made. The studies before 
and after the administration of heparin were 
compared and no statistical difference in the 
CBF, CMRO;, CVR and CMRG was found. 
The average values of the CBF, CMRO;, CYR 
and CMRG before and after heparin were as 
follows: 





CBF CMROz CVR CMRG 
Before 33.8 2.2 3.4 4.5 
After 33.1 2.0 3.4 4.2 


INFLUENCE OF THIOURACIL AND METHIMAZOLE 
("TAPAzoLE") ON THYROID FUNCTION IN Docs 
WITH SPECIAL REFERENCE TO SERUM CHOLES- 
TEROL CHANGES. S. Y. Tsai, L. G. May, V. A. 
Stembridge and R. Gregory * (with the technical 
assistance of A. Bennett, M. Kobayashi, M. 
Finley and J. R. Bateman). John Sealy Memorial 
Laboratory and Dept. of Internal Medicine and 
Pathology, Univ. of Texas Medical Branch, 
Galveston, Tex. 


It has been suggested that the hypercholes- 
terolemia in dogs receiving thiouracil may be 
due to a specific effect of the drug on serum 
cholesterol rather than to its antithyrcid action. 
The absence of hypercholesterolemic effect of 
methimazole when given in a single daily dose 
would seem to support this hypothesis. The 
present study is designed to clarify these points. 

Fifteen healthy mongrel dogs were divided 
into three groups: (1) no medication, (2) 
thiouracil in a single daily dose for two to three 
weeks and (3) methimazole five doses per day 
for three weeks. Serum cholesterols, PBI, 
histologic changes and thyroid 1-131 uptakes 
were studied. Hypercholesterolemia and depres- 
sion of thyroid I-131 uptake was observed in 
groups 2 and 3 but not in group 1. Serum PBI 
was found to normally low (Barker's method) 
and showed no significant change after the 


administration of thiouracil or methimazole. 
Histologic studies are in progress. 

As hypercholesterolemia induced by thouracil 
and methimazole (in daily divided doses) 
correlates with decreased thyroid I-131 uptake, 
it is concluded that thiouracil does not have a 
specific effect on serum cholesterol and that 
hypercholesterolemia is a manifestation of 
induced hypothyroidism. The significance of 
normally low PBI in dogs will be discussed. 


THE PERMEABILITY OF CAPILLARIES TO LARGE 
Morrcures. K. Wasserman and H. S. Mayerson.* 
Dept. of Physiology, Tulane Univ. School of 
Medicine, New Orleans, La. 


This study of capillary permeability to large 
molecules was stimulated by observations of 
transudation from the circulation of infused 
plasma and normal saline solutions containing 
relatively large molecular weight solutes. We 
have followed the rates of disappearance of large 
molecules from plasma and their appearance and 
concentration in thoracic duct lymph. The 
leakage of larger molecules from plasma and 
their appearance in lymph is inversely related 
to their molecular weight when plasma volume 
and rate of plasma transudation are constant. 
Even relatively large molecules (dextran— 
average M. W. = 412,000) get into lymph, 
albeit in small amounts. The plasma-lymph 
gradients are influenced markedly by the size of 
the infusion volume. When the ratio of infusion 
to plasma volume is large, the plasma-lymph 
concentration gradient of all large molecules in 
circulation falls and the lymph flow increases 
regardiess of the type of colloidal solution in- 
volved. This indicates that the permeability of 
the capillary wall to albumin, globulin and all 
large molecules is increased. The decreased 
gradient is the result not only of a fall in plasma 
but a rise in lymph solute concentration. These 
results are interpreted in terms of the pore 


. theory as signifying a stretching of the capillary 


wall pores consequent to high capillary pressure 
from the increased volume in the circulation. 
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Retroperitoneal Pneumography in the 


Diagnosis of Retroperitoneal Lymphomatous 


Neoplasms’ 


RALPH M. Myerson, M.D. and GEORGE T. WOHL, M.D. 
Philadelphia, Pennsylvania 


HE diagnosis and demonstration of retro- 

peritoneal lymphomatous neoplasms is a 

serious and difficult problem. In most 
such cases physical examination, laboratory tests 
and conventional roentgenologic studies are 
unrevealing. 

We have found retroperitoneal pneumog- 
raphy induced by the presacral insufflation of 
air to be a useful adjunct in the demonstration 
of retroperitoneal Hodgkin's disease and leu- 
kemic nodes when other diagnostic methods 
have failed. This procedure has provided 
valuable diagnostic and prognostic information 
with a minimum of discomfort and risk to the 
patient and has been of value in selection of the 
type of therapy. 


TECHNIC 


The technic of presacral air injection is not 
difficult. With the patient in the knee-chest 
position, the skin just distal and to one side of 
the tip of the coccyx is cleaned and infiltrated 
with a local anesthetic. A 3 inch, 16 gauge needle 
is directed obliquely upward, inward and for- 
ward under the coccyx in such a manner that its 
point comes to rest in the presacral, retrorectal 
fatty areolar tissue. An examining finger is kept 
in the rectum to insure proper position of the 
needle. 'The usual technic has been modified by 
the use of an 18 inch length of No. 50 polyeth- 
ylene tubing which is threaded through the 
needle. The latter is removed and the tube 
strapped to the patient. Using a 50 cc. syringe, 
three-way stopcock and an adaptor fitted to the 


tubing, air is injected under fluoroscopic guid- 
ance. The polyethylene tubing makes it possible 
to give the injection conveniently and facilitates 
positioning of the patient so that an adequate 
amount of air is delivered in the desired location. 
About 1,000 cc. has been required for the aver- 
age patient. 

Routine stereoscopic frontal and single lateral 
roentgenograms are obtained as soon as possible 
after the injection. In addition, body section 
films of the upper and lower retroperitoneal areas 
are taken. When involvement of one side in 
particular is suspected, better delineation may 
be obtained if the roentgenograms are repeated 
after the patient has rested on the opposite side 
for twenty to thirty minutes. Some degree of 
mediastinal emphysema is present in some pa- 
tients after several hours in the upright position, 
and in several cases this has been sufficient to 
obtain satisfactory mediastinal pneumograms. 

No complications have been noted in a series 
of twenty patients studied in this manner. 
Transient abdominal and subdiaphragmatic 
discomfort has been present in most patients. 
Air embolism is apparently rare, only one such 
catastrophe (and that non-fatal) having been 
reported.! Mosca reviewed 1,500 cases in which 
retroperitoneal pneumography was performed 
without serious complication.? Because of its 
rapid absorption and probable greater margin 
of safety, oxygen has been used by most 
operators. Air has the advantage of being more 
conveniently administered and with its use 
there is a better possibility of outlining the 
mediastinum. 


* From the Departments of Radiology and Medicine, Veterans Administration Hospital, Philadelphia, Pa. 
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Fic. 1. Anteroposterior Bucky film of normal retroperi- 
toneal pneumogram: a, liver; 5, spleen; c, kidneys; d, 
right adrenal gland; e, left adrenal gland. Arrows indi- 
cate appearance of the normal psoas musculature and 
midline retroperitoneal structures. 


Figure 1 demonstrates a normal retroperito- 
neal pneumogram. In addition to excellent 
delineation of the kidneys, adrenal glands, liver 
and spleen, the normal width and general 
appearance of the psoas muscles and midline 
retroperitoneal area is demonstrated. 

The following typical cases are presented in 


which retroperitoneal pneumography was of 


value in the demonstration of retroperitoneal 
lymphomas. 


CASE REPORTS 


Case 1. J. R., a thirty year old white man, 
had had Hodgkin’s disease since 1949. mani- 
fested by recurrences of cervical lymph node 
enlargement. He had been treated by both X-ray 
and nitrogen mustard with temporary remis- 
sions. His last course of therapy had been given 
eight months prior to admission, following which 
he had been well for about seven months. One 
month prior to entry persistent backache and 
malaise developed and on June 26, 1953, he was 
admitted to the Veterans Administration Hos- 
pital in Philadelphia. Physical examination, 
laboratory tests and routine roentgenographic 
studies, including an intravenous urogram, were 
unrevealing. Retroperitoneal pneumography 


(Fig. 2) revealed a large midline mass. X-ray 
therapy to the back gave prompt symptomatic 
improvement. 

Case rm. E. B., a forty-two year old Negro 
man, had had chronic lymphatic leukemia since 
1950. ‘Therapy had consisted of local x-ray, 
nitrogen mustard and triethylene melamine. He 
was admitted to the Veterans Administration 
Hospital on October 5, 1953, with a one-month 
history of fatigue, leg cramps and abdominal 
swelling. 

Physical examination revealed generalized 
lymphadenopathy and a moderate degree of 
ascites. The white blood cell count was 33,000 
per cu. mm., of which 80 per cent were mature 
lymphocytes, 5 per cent lymphoblasts, 10 per 
cent smudge cells and 5 per cent polymorpho- 
nuclear leukocytes. The remainder of the labora- 
tery studies were negative except for a moderate 
anemia. Roentgenograms of the chest revealed 
bilateral hilar lymphadenopathy. Gastroin- 
testinal x-rays and an intravenous urogram were 
negative. The routine abdominal roentgenogram 
and stereoscopic frontal views of the abdomen 
after retroperitoneal pneumography were inter- 
preted as being within normal limits. Lamina- 
grams of the lower retroperitoneal area, how- 
ever, revealed significant nodal enlargement. 
(Fig. 3.) Whole body x-ray therapy produced 
dramatic improvement in all respects and the 
patient was asymptomatic and had a normal 
hemogram when last seen in July, 1954. 

Case m. J. D., a twenty-eight year old white 
man, had had Hodgkin’s disease since 1952, 
manifested initially by cervical lymphadenop- 
athy. Therapy with nitrogen mustard and X-ray 
had produced remissions. 

In February, 1954, the patient was admitted 
to the Veterans Administration Hospital in 
Philadelphia with complaints of pain in the 
lumbar region, fever and malaise. Retroperito- 
neal involvement was suspected but physical 
examination, laboratory tests, conventional 
roentgenograms and retroperitoneal pneumog- 
raphy were negative. Symptoms persisted and 
a repeat presacral air study in July, 1954, 
revealed a definite mass. (Fig. 4.) Localized x-ray 
therapy is contemplated. 

Case IV. J. C., a forty-one year old white 
man, had had Hodgkin's disease since 1951, 
initially manifested by cervical lymphadenop- 
athy. Therapy had consisted of x-ray therapy 
and nitrogen mustard. The patient had been 
well for a period of two and a half years, follow- 
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ing which weakness, cough, dyspnea and pain in 
the back developed. He was admitted to the 
Veterans Administration Hospital in Phila- 
delphia with these complaints on Augus: 13, 
1954. Physical examination at this time revealed 
pallor, malnutrition, generalized lymphadenop- 
athy and splenomegaly. Laboratory studies were 
not remarkable except for a moderate anemia. 
Roentgenogram of the chest revealed large 
mediastinal nodes. Other roentgenographic 
studies, including an intravenous urogram, were 
normal. Body section films after retroperitoneal 
pneumography revealed a midline retroperito- 
neal mass in the lumbar region. (Fig. 5.) The 
patient is being treated with nitrogen mustard. 
Air has been utilized in roentgenology for 
many years as a means of contrast to differentiate 
tissues and organs situated in media of homo- 
geneous density. In 1921, Carelli? introduced air 
into the renal fascia to outline the kidneys and 
adrenals. Following the work of Ruiz Rivas‘? 
the presacral technic for production of retro- 
peritoneal pneumography gradually supplanted 
perirenal insufflation. Numerous articles have 
been published attesting to the value of this 
procedure for the demonstration of abnormali- 
ties of the kidneys and adrenal glands. 
Retroperitoneal pneumography is well suited 
for the demonstration of midline retroperitoneal 
neoplastic masses. It must be emphasized that a 
negative study does not rule out the presence 
of pathologic changes. Recent experience with its 
use in the demonstration of metastatic nodes 
from testicular tumors would seem to indicate 


that retroperitoneal pneumography will not 
satisfactorily demonstrate lesions less than 4 cm. 
in diameter. ® 


SUMMARY 


Retroperitoneal pneumography is a valuable 
adjunct in the diagnosis and demonstration of 
retroperitoneal lymphomatous neoplasms. 

Modification of the usual technic by the use of 
a polyethylene catheter for administration of the 
gas is recommended. Fluoroscopy and body 
section roentgenography are believed to be 
important additions to the usual roentgeno- 
graphic technic. 

Four typical cases are presented in which 
retroperitoneal pneumography was helpful in 
the demonstration of retroperitoneal lymphoma- 
tous masses. 
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UMEROUS cases of rupture of an aortic 
aneurysm into the pulmonary artery 
have been reported in the literature 

during the past decade or so, and the clinical 
picture produced by this event has been ade- 
quately described so that at least a presumptive 
antemortem diagnosis can be made in many 
cases.1-9 There is, however, only one report in 
which the diagnosis was proved by cardiac 
catheterization.? The purpose of this report is to 
add another such case and discuss the diagnosis 
and pathophysiology of this condition. 

Up to the present, eighty-five cases of aortic 
aneurysm with rupture into the pulmonary 
artery have been reported.!-5$ Only seven were 
diagnosed before death. During the past year 
two cases were diagnosed at this hospital; one 
antemorten (case reported herein), the other 
postmortem. 

The great majority of aneurysms of the thoracic 
aorta are in the ascending portion, and in view 
of the intimate relationship of the pulmonary 
artery to the ascending aorta one wonders why 
there is not a greater incidence of rupture into 
this vessel. 

The onset of this disorder may be very acute, 
with extreme dyspnea, cough and precordial 
pain. Rarely the patient is relatively asympto- 
matic, complaining of mild to moderate dyspnea. 
The subsequent course is probably dependent in 
part on the size of the fistula. The patient may 
have progressive signs of right heart failure. 
The pulse pressure is wide and other peripheral 
arterial signs typical of aortic insufficiency are 
present. A systolic or continuous thrill is felt 
over the pulmonic area, and a continuous 
machinery-like murmur with systolic accentua- 
tion is heard over the same area. X-ray of the 


New Orleans, Louisiana 


chest usually reveals evidence of aneurysm of 
the thoracic aorta and occasionally a prominent 
pulmonary conus, the latter sometimes being 
obscured by the aneurysm. The electrocardio- 
eram usually reveals right axis deviation or right 
ventricular hypertrophy. 

Patients with this disorder may die suddenly 
with the onset of the rupture or live for days or 
months, the average duration of life being three 
to four weeks. The longest survival time recorded 
is four years, reported by Clerc.’ This, however, 
is very unusual, and there is some question as to 
the time of onset in this case. 

This condition is most frequently misdiag- 
nosed as aortic insufficiency but several points 
may be kept in mind to guard against this error. 
The continuous character of the murmur is in 
marked contrast to the to-and-fro murmur of 
aortic insufficiency. In the electrocardiogram 
right axis deviation is the rule, while in aortic 
insufficiency left axis deviation with left ventric- 
ular hypertrophy is characteristic. T he peripheral 
arterial signs are the same in both conditions. 
Increased pulsation of the pulmonary artery is 
frequently seen in cases of aortic-pulmonary 
fistula whereas in cases with aortic insufficiency 
there is prominent pulsation of the aorta. ‘The 
aortic second sound is present in the former but 
tends to be absent in the latter condition. 

Patent ductus arteriosus enters into the differ- 
ential diagnosis. A negative past history of 
cardiac symptoms or signs is helpful. The onset 
is not nearly as abrupt or drastic in patent ductus 
as in the acquired communication, and positive 
serologic reactions for syphilis and evidence of 
aortic aneurysm favor the diagnosis of acquired 
aortic-pulmonary fistula. The machinery-like 
murmur is characteristic of both conditions. 


* From The Department of Medicine, Louisiana State University School of Medicine and Charity Hospital, New 
Orleans, Louisiana. 
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Fic. 1. Dilatation of the aortic arch, prominence of the 
pulmonary moderate left ventricular 


enlargement. 


artery and 


Rupture of the sinus of Valsalva into the pul- 
monary artery, right ventricle or right auricle 
may give signs and symptoms practically identi- 
cal with those of aortic aneurysm with rupture 
into the pulmonary artery.5^!? Absence of 
radiologic aortic aneurysm and negative serologic 
tests for syphilis favor the diagnosis of rupture of 
the sinus of Valsalva. 

Why is there evidence of right heart strain in 
patients with this condition, while in patients 
with patent ductus arteriosus left heart strain is 
evident? This is probably due to long-standing 
pressure of the aneurysmal sac on the pulmonary 
artery prior to rupture, with resultant increased 
resistance distal to the pulmonary valve and 
right ventricular strain.'” Another theory as 
regards right heart strain is based on the direc- 
tion of blood flow from the shunt. If the jet of 
blood is directed away from the pulmonic 
valve, there is little increased resistance to right 
ventricular outflow; however, if the jet is directed 
at a right angle to the pulmonary artery or 
towards the pulmonic valve, a definite increase 
in resistance to outflow occurs. 


CASE REPORT 


F. B., a fifty-two year old Negro dock laborer, 
was admitted to Charity Hospital on November 
13, 1952, with a chief complaint of dyspnea of 
ten days’ duration. He stated that about one 
month before admission he was struck on the 
right shoulder by a loading machine. At this 
time he noticed some aching but the skin was 
not broken. The next day he noticed a small 
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Fs. 2. A, note the right axis deviation. B, the phono- 
cardiogram shows a continuous murmur with a systolic 
accentuation. 


protrusion above the right clavicle which would 
appear when he lay down and disappear when 
he sat up. He attributed this protrusion to the 
ingury but paid no particular attention to it since 
it caused him no discomfort. About ten days 
before admission he began to notice severe weak- 
ness, dyspnea, cough and swelling of the feet. 
The dyspnea became progressively worse, and 
the cough productive of a white, foamy sputum. 
Hoarseness also developed. 

‘There appeared to be no pertinent data in the 
past or family history. 

Physical examination revealed a moderately 
dyspneic, middle-aged colored man who did not 
appear acutely ill. Blood pressure was 170/90, 
equal in both arms, pulse was 104 and regular, 
respiration. rate 20. Pertinent abnormalities 
included the following: Above the right clavicle 
there was a soft, round mass which was easily 
reducible by pressure and which increased in 
size on coughing. This was believed to be a 
pleural hernia related to the injury of the 
previous month. The apex beat was in the 
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seventh interspace outside the anterior axillary 
line, forcible and diffuse. There was dullness to 
the left of the sternum in the second and third 
interspaces, and a systolic thrill was present in 
this region. A loud, harsh, continuous murmur 
with systolic accentuation was audible over the 
left upper chest, loudest in the second left 
interspace near the sternum. There were no 
rales in the lungs. The liver was palpable five 
fingerbreadths below the rib margin and some- 
what tender. The spleen was not palpable. 
lhere was moderate edema of the feet and 
ankles. Blood picture and urinalysis were normal. 
Complement fixation test for syphilis was posi- 
tive, the quantitative Kahn test was 8 units. 
Venous pressure in the right arm was 130 mm. of 
water, in the left 160. 

Fluoroscopy revealed what was interpreted 
as dilatation of the transverse and ascending 
aorta with opacity of the aortic window. The 
pulmonary artery was enlarged and its pulsa- 
tions increased. There was moderate enlarge- 
ment of the left ventricle, and it appeared also 
that the right atrium was somewhat dilated. 
(Fig. 1.) 

The electrocardiogram (Fig. 2) showed promi- 
nent S waves in leads I and V; and a high R in 
Vi. P waves were notched and T waves inverted 
in Vi, », 3, 4, diphasic in V5. The electrocardio- 
gram was believed to indicate right ventricular 
hypertrophy. 

The tentative diagnosis on the basis of the 
initial study was syphilitic aneurysm of the 
ascending aorta with erosion into the pulmonary 
artery. 

The symptoms of congestive failure responded 
readily to rest, digitalization, mercurial diuretics 
and a low salt diet. After subsidence of the heart 
failure an intravenous angiocardiogram was 
performed but satisfactory visualization of the 
aorta was not obtained. Cardiac catheterization 
(Fig. 3) revealed right ventricular pressure of 
63/5 mm. Hg with the O» content essentially the 
same as that in the superior vena cava. As the 
catheter passed into the main pulmonary artery 
the oxygen content rose 6 vol. per cent. The 
pressure in this vessel was 63/8. Mean pul- 
monary capillary pressure was 26. Arterial 
oxygen saturation was 95 per cent and reached 
100 per cent with inhalation of 100 per cent oxy- 
gen. Left ventricular output was calculated at 
3.4 L. per minute and it was estimated that the 
pulmonary flow was about three times the 
systemic flow. 
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Following the study the patient was dis- 
charged and followed in the Outpatient Clinic. 
After nineteen months he remained in a fair 
state of health. 
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Fic. 3. Cardiac catherization results. Note the high 
right ventricular pressure and the 6 volume per cent 
elevation in Os content of the pulmonary artery as com- 
pared to that of the right ventricle. Asterisk denotes 
sample from left brachial artery. 


COMMENTS 


Although the subjective symptoms of this 
patient merely indicated congestive heart failure 
of fairly rapid onset, the physical signs were 
strongly suggestive of a communication between 
the aorta and the pulmonary artery, either a 
patent ductus or rupture of an aneurysm into the 
pulmonary artery. The findings on cardiac 
catheterization proved the presence of such a 
communication, and indicated that the fistula 
was of moderate size. The positive serologic 
tests for syphilis, the x-ray evidence of dilatation 
of the aorta and the rather sudden onset of 
symptoms made it fairly certain that the com- 
munication between the aorta and pulmonary 
artery was not a patent ductus but rather a 
fistulous connection with an aneurysm of the 
aorta. 

SUMMARY 


A case is reported in which erosion of an 
aneurysm of the aorta into the pulmonary artery, 
with production of a fistula between these two 
vessels, was proved by cardiac catheterization. 

The patient was alive and in a fair state of 
health nineteen months after the episode 
occurred. 

The diagnosis and pathophysiology of this 
condition is discussed. 
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Editorial 


Clinical Usefulness of Fructose 


HE recent advances which have been 

made in the understanding of the meta- 

bolic processes concerned with utilization 
of the three hexoses mainly involved in mam- 
malian energy metabolism, glucose, fructose 
and galactose, have led to renewed interest in 
the possible clinical usefulness of sugars other 
than glucose. The rediscovery of identical fruc- 
tose tolerance curves in normal and diabetic 
subjects has more particularly directed this 
interest toward fructose. The potential clinical 
usefulness of this hexose is intimately connected 
with a proper understanding of the metabolic 
transformations involved, of the rate at which 
they proceed and of the differences which exist 
between individual tissues in these respects. A 
brief review of present knowledge may thus be 
indicated. 

Metabolism of Fructose in Normal Tissues. The 
metabolism of fructose is schematized in Fig- 
ure 1. It should be immediately pointed out 
that the scheme is a composite one based on 
studies of several tissues in several species. The 
reactions which are part of the usual pathways 
of glycolysis are indicated by heavier arrows. 
It is clear that whenever fructose metabolism 
leads to the formation of an intermediate of 
glycolysis, further metabolism of fructose be- 
comes identical with that of glucose. Five reac- 
tions peculiar to fructose have been described 
and have been numbered in the scheme. 
Reference will be made later to the reactions 
in this scheme when individual tissues are 
considered. 

Reaction 1: Fructose can be phosphorylated 
in position 6 in the presence of hexokinase and 
ATP. The same enzyme catalyzes the phos- 
phorylation of glucose and mannose in the 
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same position but its affinity is different for 
each of these hexoses. Competitive inhibition 
between these substrates has been observed. 
The best studied mammalian hexokinase, brain 
hexokinase, has a greater affinity for glucose 
than for fructose; glucose greatly inhibits the 
phosphorylation of fructose by this enzyme. 
(Table 1.) This example alone should suffice to 
demonstrate the danger of drawing general 
conclusions from observations on the capacity 
of an isolated tissue to metabolize a substrate 


which is offered alone, without naturally 
present competitors. 
Reaction 2: Independent investigations in 


St. Louis,? Louvain? and Zurich‘ have estab- 
lished that, in liver and muscle, fructose can 
be phosphorylated in position 1 by a specific 
fructokinase. No competitive inhibition between 
glucose and fructose can be demonstrated for 
this enzyme. Since the product of this reaction, 
fructose-1-phosphate, is not an intermediate of 
glycolysis, it must undergo further modifica- 
tions before entering the standard pathways of 
intermediary metabolism. Direct conversion 
of fructose-1-phosphate to fructose-6-phosphate 
does not appear to occur to any significant 
degree.’ 

Reaction 3: Fructose-1-phosphate can be split 
by an enzyme closely related to aldolase®* to 
two three-carbon fragments, of which one is 
phosphorylated (dihydroxyacetone phosphate) 
and one is not (glyceraldehyde). 

Reaction 4: Glyceraldehyde can be phos- 
phorylated by a triokinase® to phosphoglycer- 
aldehyde, and the two three-carbon fragments 
resulting from fructose-1-phosphate are now 
identical with those resulting from the splitting 
of fructose-1-6-diphosphate by aldolase; from 
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this point, therefore, glucose and fructose follow 
the same metabolic pathways up or down the 
chain of glycolytic reactions. 

Reaction 5: Fructose-1-phosphate can also be 
phosphorylated in position 6 to fructose-1-6-di- 
phosphate.! Whether the enzyme involved is 


GLUCOSE — 6 — PHOSPHATE 


FRUCTOSE —— FRUCTOSE — 6 — PHOSPHATE 


i |- | 
FRUCTOSE - l- PHOSPHATE —9 FRUCTOSE -1-6- DIPHOSPHATE 
Mn M ———M 


GLYCERALDEHYDE + DIHYDROXYACE TONE - PHOSPHATE Ss PHOSPHOGLYCERALDEHYDE 


ATP 
OF GLYCOLYSIS 


Fic. 1. Composite scheme of fructose metabolism. 


identical with. the phosphofructokinase which 
catalvzes the phosphorylation of fructose-6-phos- 
phate, is not as vet established. 

When considering the metabolism of a sub- 
stance to be administered to intact organisms 
it is important to consider not only the trans- 
formations which this substance may undergo 
but also the rate at which these reactions can 
proceed, both in the organism as a whole and 
particularly in each individual tissue. We shall 
now consider the information available on the 
metabolism of fructose by various tissues. 

The liver is quantitatively the main site of 
fructose metabolism. It takes up fructose from 
the blood stream or from the incubation 
medium at a rate considerably greater than is 
true for glucose." ^'* Once taken into the liver 
cell it is metabolized mainly by Reactions 2, 3 
and 4. (Fig. 1.) The conversion of fructose to 
lactate, CO», glycogen or fatty acids exceeds 
that of glucose.7:!2~!® A varying portion of the 
fructose metabolized is transformed to glucose- 
6-phosphate and, by  glucose-6-phosphatase 
action, to glucose which appears in hepatic vein 
blood or in the medium surrounding liver 
slices.!?7!? That the fructose thus rapidly 
metabolized vields useful energy is well exem- 
plified by the observation of Helmreich et al.'® 
who found that the capacity of the liver to 
produce activated two-carbon fragments ca- 
pable of acetylating sulfonamide is greatly 
enhanced in the presence of fructose. 

On the basis of data obtained by catheteriza- 
tion of the hepatic vein during fructose adminis- 


tration, Weichselbaum has estimated that up 
to 50 per cent of an administered fructose load 
is metabolized in the liver within one hour.'? 
The total figure is probably considerably 
ereater!? since much of the fructose which had 
diffused into the extracellular (and probably 


TABLE I 
MUTUAL INHIBITION OF GLUCOSE AND FRUCTOSE 
PHOSPHORYLATION BY HEXOKINASE OF BRAIN! 














Initial 
Incuba- Concentration Fruc- Glu- | Per cent Inhibition 
tion M X 10-8 tose cose 
Period Used Used 
(min.) | Y $ | 
Fructose | Glucose Fructose | Glucose 
20 2.11 0 520 
20 0 2.38 375 
20 2.11 2.38 0 360 100 4 





intracellular) water later diffuses back into the 
blood stream to be metabolized in the liver. 
The abilitv to transform fructose to glucose is 
probably shared, although to a much smaller 
degree, by intestinal mucosa!* and by renal 
tubular cells. +° 

While brain slices or homogenates metabolize 
fructose at satisfactory rates, it is doubtful 
whether any fructose utilization by brain occurs 
under physiologic conditions. This is adequately 
explained by the presence in the intact organism 
of glucose concentrations sufficient to inhibit 
the phosphorylation of fructose by the hexo- 
kinase of brain, as previously illustrated in 
Table r. A specific fructokinase has not been 
found in brain. That fructose does not prevent 
hypoglycemic symptoms in the dog was clearly 
shown in 1931 by Bollman and Mann.?? They 
demonstrated that in the eviscerated dog blood 
levels of fructose of 100 mg. per cent or more 
did not prevent the appearance of convulsions 
whenever the blood glucose level was allowed 
to drop below a critical level. 

Whether muscle can utilize significant 
amounts of fructose is a matter of controversy. 
At best, over-all fructose utilization by muscle 
is slow,?!7?* proceeding at one half or less the 
rate of glucose utilization. Possibly it is prac- 
tically non-existent,?* as suggested by Wick who 
found that the rate of formation of C!*O; from 
C'4-labelled fructose was less than 5 per cent 
of that from C!*-labelled glucose in the eviscer- 
ated nephrectomized rabbit. Hers!? has recently 
reviewed the available data, added a number of 
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new Observations, and concluded therefrom 
that in the intact rat most of the fructose 
administered reaches striated muscle after 
previous conversion by the liver to glucose or 
to other metabolites. What fructose is directly 
incorporated appears mainly to follow Reac- 


TABLE II 
COMPARATIVE UTILIZATION OF C!4-GLUCOSE AND 
ClÁ-FRUCTOSE BY RAT DIAPHRAGM * 




















A B | C D 
Glycogen | Glycogen 
Synthe- Synthe- Glucose | Fructose 
E : sized sized Ratio | Oxidized | Oxidized | Ratio 
— from | from A to CO: to CO» G 
ment | Glucose Fructose B D 
uM /gm. of tissue/90’ | uM /gm. of tissue; 90’ 
| —— m ———M 
1 7.32 1.10 6.7 | 4.97 1.36 3.6 
2 6.64 | 1.13 5.9 | 4.22 1.20 3.5 





* Both hexoses are simultaneously present in equimolar concentration 
(20 mM/L.) Unpublished results. Experimental conditions identical 
with those previously described for liver!? and diaphragm.?? 


tion 1. (Fig. 1.) The concept of adequate 
fructose utilization by muscle is based largely 
on measurements of fructose “uptake” by 
isolated tissues or of peripheral arteriovenous 
differences; it has been further fostered by 
demonstration of a specific fructokinase (Reac- 
tion 2, Fig. 1) in muscle homogenates.! How- 
ever, studies measuring not only the uptake of 
fructose but also its ultimate fate in muscle 
tissue are more meaningful, and the situation 
prevailing in the intact organism, including 
competition with glucose, should whenever 
possible be preserved. 

The incorporation of fructose and glucose 
carbon into glycogen and CO; by rat dia- 
phragm has been compared in parallel experi- 
ments, both hexoses being present in all flasks, 
but only one of the two having been labeled 
with C!* in each. Results are shown in Table m 
and clearly indicate that in the presence of 
equal concentrations of glucose and fructose 
rat diaphragm metabolizes six to seven times 
more glucose than fructose in the formation of 
glycogen and approximately three and one- 
half times more glucose than fructose in the 
conversion to CO». It seems reasonable to 
conclude that, at best, fructose utilization by 
muscle is small when compared with that of 
glucose. Red blood cells have been shown to 
utilize fructose only in the absence of glucose.?? 
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No adequate information concerning adipose 
tissue has become available as yet. 

Even a brief review of fructose metabolism 
cannot be concluded without recalling the 
intriguing situation present in placenta and in 
male accessory sexual glands.???95 In most 
species at least the early placenta and one or 
the other male accessory sexual gland are able 
to convert glucose to fructose and to secrete 
fructose into the embryonic blood stream or 
seminal fluid, respectively. Why this unique 
situation should have been preserved through- 
out evolution is at present a mystery. 

Metabolism of Fructose by Abnormal Tissues. 
Since fructose is mainly metabolized by the 
liver it is not surprising that the rare anomalies 
of fructose utilization which have been de- 
scribed have been found in hepatic disease. 
Fructose tolerance is decreased in extensive 
hepatocellular damage.”? However, more recent 
studies®:'>*8 using intravenous fructose toler- 
ance tests suggest that this is a late manifestation 
of hepatic dysfunction and that the system 
responsible for hepatic fructose utilization is a 
resistant one. Fructosuria, an entirely benign 
inborn error of metabolism associated with a 
marked decrease in fructose tolerance,?? quite 
likely results from deficient hepatic fructo- 
kinase activity, although this has not been 
conclusively established. The metabolism of 
fructose in diabetes mellitus has been repeatedly 
studied. It has been postulated, since Minkow- 
ski’s demonstration of glycogen formation 
from fructose in pancreatectomized dogs,*® 
that diabetic tissues utilize fructose at nearly a 
normal rate. This has since been further sub- 
stantiated both in the intact organism? :!^?! 
and in isolated liver tissue;!?:!4 it indicates that 
at least the Reactions 2, 3 and 4 (Fig. 1) are 
not dependent on the presence of insulin. The 
small portion of fructose, however, which is 
metabolized by way of hexokinase (Reaction 1, 
Fig. 1) may be influenced by insulin.!?:?? That 
the latter observation is of little quantitative 
significance is suggested by the well established 
normal fructose tolerance in the diabetic 
organism. On the other hand, it should be 
clearly understood that the presence of normal 
fructose tolerance in diabetes suggests no more 
than that the diabetic tissues utilize fructose as 
well or, for certain tissues, as poorly as normal 
tissues. It evidently does not justify the assump- 
tion that tissues such as brain or muscle, which 
utilize little or no fructose in the normal situa- 
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tion, utilize fructose any better in the presence 
of diabetes. 


POTENTIAL CLINICAL USEFULNESS 


It would seem reasonable to expect that 
significant clinical advantage could be derived 
from several of the unique physiologic proper- 
ties of fructose. 

1. The almost exclusive utilization by hepatic 
tissue, the presence of a separate, specific and 
quite resistant set of hepatic enzymes for its 
disposal, and the rate of hepatic fructose uptake 
suggest its use as a carbohydrate source in liver 
disease. Thus when fructose is administered 
intravenously a much larger portion of the 
administered carbohydrate may be expected 
to enter the liver cells than in the case of glucose. 
This may well explain the relatively greater 
protein-sparing effect of fructose which has been 
described?? and the favorable effect of fruc- 
tose on some hepatic detoxifying processes, 
such as the striking effect in acute ethanolic 
intoxication. ?! 

2. The rapidity of hepatic fructose uptake 
indicates its use as a substitute for glucose 
whenever glucose must be administered rapid!y 
and whenever the renal threshold for glucose 1s 
exceeded, leading to glucose wastage and to 
the concomitant undesirable osmotic diuresis. 
Although the renal threshold for fructose is 
lower than that for glucose the rapid fall in 
blood fructose levels minimizes the amount of 
fructose lost in the urine. In the presence of un- 
treated diabetes mellitus the markedly de- 
creased glucose tolerance contrasts even more 
with the intact tolerance for fructose. Thus the 
addition of 2 or 5 per cent fructose to hypotonic 
balanced electrolyte solutions used Curing the 
initial treatment of diabetic acidosis has been 
suggested.*® A much smaller portion of the 
carbohydrate thus administered is wasted in 
the urine than would be true for glucose. 

3. A further rationale for the use of fructose 
during the first hours of treatment of diabetic 
acidosis should be mentioned. While glucose 
uptake by diabetic liver is markedly impaired, ?? 
direct effects of insulin on hepatic tissue have 
not been well established. In the rat it has been 
clearly demonstrated’? that several hours elapse 
before insulin administration affects the de- 
ranged intermediary metabolism of the diabetic 
liver. Fructose, which can be immediately 
utilized by diabetic liver, may thus represent an 
emergency carbohydrate supplement. 


4. Present knowledge does not permit a 
decision as to whether or not fructose has any- 
thing to offer when used as an adjunct in the 
long-term therapy of diabetes mellitus. It is 
difficult, however, to dismiss the thought that, 
since perfect control of diabetes with insulin 
throughout the twenty-four hour period is 
rarely achieved, fructose, representing a ready 
source of insulin-independent carbohydrate for 
the liver, might supply the liver with necessary 
carbohydrate molecules during daily periods of 
relative insulin deficiency. Whether this could 
contribute, for instance, to control of the 
anomalies of lipid metabolism in the diabetic 
liver is a question deserving some consideration. 
Certainly it would appear from recent trials in 
man?’ as well as in rats??*? that a somewhat 
greater portion of administered fructose is 
retained than is the case for glucose. It had 
previously been suggested that with prolonged 
periods of administration more and more fruc- 
tose would be lost as glucose. These recent 
observations, however, do not appear to sup- 
port this suggestion. 

5. Finally, it should be mentioned that the 
rapid and almost exclusive hepatic utilization 
of fructose may be used to assess the functional 
state of the liver at any given moment by 
presenting it with a fructose load and by meas- 
uring the relative rates of appearance of 
various groups of its metabolites. Similarly, it 
has been shown in liver slices that although 
normal and diabetic tissue utilize fructose at 
the same overall rate, incorporation of fructose 
into different metabolites varies greatly with 
the metabolic situation encountered. '? 


POTENTIAL CLINICAL DANGERS 


Certain potential clinical dangers should not 
be forgotten. First, whenever fructose is ad- 
ministered in large amounts the assumption is 
made that the liver will transform a sufficient 
amount of fructose into glucose in order to 
supply the needs of tissues such as brain and 
muscle which cannot use fructose directly in 
sufficient amounts. This assumption is not 
always justified. For instance, in patents 
receiving insulin the peripheral rate of glucose 
removal from the blood stream may exceed the 
rate of glucose formation from fructose, and 
hypoglycemia may develop. This may go un- 
recognized since routine methods for blood 
glucose measure fructose as well. Further 
difficulties may result from the excessive rate 
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at which fructose is metabolized when given 
intravenously in large amounts. Sufficient 
amounts of lactate and pyruvate may accumu- 
late to produce significant acidosis. Also, in the 
treatment of diabetic acidosis glycogen deposi- 
tion from fructose may be rapid enough to 
accentuate greatly any tendency to hypo- 
kalemia. Finally, it should be stressed that the 
administration of fructose in diabetic acidosis 
should never be considered to alter in any wav 
the insulin requirement or the need for speed in 
reaching adequate control with insulin. 


SUMMARY AND CONCLUSION 


The metabolism of fructose has recently been 
greatly clarified and has been found to differ 
considerably from that of glucose. The main 
features of this difference are the almost exclu- 


sive utilization of fructose by liver, the presence - 


of separate specific enzymes for its disposal, the 
rate of its uptake by hepatic tissue and the lack 
of any significant dependence of this rate on the 
presence of insulin. The abundant literature 
concerning its clinical usefulness which has 
accumulated over the past fifty years yields no 
conclusive answer. A fresh appraisal of the 
potential clinical usefulness of fructose in the 
light of new knowledge concerning its physio- 
logic properties is clearly indicated. 


ALBERT E. RENOLD, M.D. 
GEORGE W. THORN, M.D. 
Harvard Medical School 


Boston, Massachusetts 
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Precipitation of Ventricular Arrhythmias 
Due to Digitalis by Carbohydrate 


Administration 


ERNEST PAGE, M.D. 


Birmingham, Alabama 


HE clinical studies of Sampson et al.! 

demonstrating the abolition of digitalis- 

induced ventricular arrhythmias by ad- 
ministration of potassium salts have been 
recently reinvestigated by Lown and co- 
workers? and the relationship of digitalis 
intoxication to potassium metabolism has been 
extensively reviewed by Lown and Levine.** 
The latter were able to confirm Sampson's 
findings and in addition to establish that potas- 
sium depletion predisposes to the development 
of cardiac manifestations of digitalis toxicity 
and enhances arrhythmias already present. 
The so-called ‘“‘postmercurial redigitalization 
phenomenon,” the arrhythmias occurring in 
digitalized patients during therapy with adrenal 
steroids, and the similar cardiac disturbances in 
digitalized subjects sustaining large losses of 
gastrointestinal fluids were all shown to have 
a potassium deficit as their common denomina- 
tor. Although no reliable correlation was found 
between sensitivity to digitalis and the serum 
potassium concentration, a reciprocal relation- 
ship was thought to exist between total body 
potassium and sensitivity to the foxglove: the 
tendency to cardiac arrhythmias during digitalis 
therapy was increased by potassium depletion, 
and the arrhythmias in turn were abolished by 
correction of the potassium deficit. 

The occurrence postprandially of electro- 
cardiographic changes resembling these of 
potassium deficiency (T wave depression, ap- 
pearance of prominent U waves) with or without 
a fall in serum potassium levels has been de- 
scribed by Rochlin and Edwards.? These workers 
implicated dietary carbohydrate as responsible 


for the changes found. They suggested that the 
electrocardiographic or chemical evidence for a 
lowered potassium results from the entry of 
potasium with carbohydrate into liver and 
muscle cells, presumably through a mechanism 
involving endogenous insulin. 

The demonstration of carbohydrate-induced 
hypopotassemia or of changes resembling potas- 
sium depletion, together with the now well 
documented aggravation of digitalis toxicity by 
potassium deficiency, suggested that a relation- 
ship might exist between carbohydrate metab- 
olism and clinical digitalis intoxication. The 
following study will report seven patients in 
whom ventricular arrhythmias were apparently 
precipitated by orally or intravenously admin- 
istered carbohydrate while they were being 
treated with digitalis glycosides. 


METHODS 


Patients who were receiving digitalis therapy 
or presented problems of special interest in 
digitalis intoxication were selected from the 
ward service of the Jefferson-Hillman Hospital. 
Thirty-seven patients were investigated a total of 
ninety-nine times. With the exception of J. T., 
who was followed as an outpatient, all patients 
were studied in the basal, fasting state at about 
6:30 A.M. Continuous control electrocardio- 
grams were taken for a three- to five-minute 
period. One hundred grams of glucose in water 
were then given orally in five minutes, and 
serial three-minute strips of electrocardiograms 
(using a Sanborn Viso-Cardiette) were taken at 
five- to fifteen-minute intervals for a period of 
from thirty to 120 minutes. Intravenous admin- 


* From the Department of Medicine, Medical College of Alabama, Birmingham, Ala. Aided by a grant from The Life 
Insurance Medical Research Fund. 
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istration of 50 cc. of 50 per cent glucose in water 
or of 200 to 400 cc. of 10 per cent glucose in 
water, or the eating of an ordinary high carbo- 
hydrate (low-salt) breakfast, were occasionally 
substituted for the test dose of oral glucose. 
The observer was present throughout the test to 
insure that subjects remained quiet, the usual 
result being that patients fell asleep during the 
procedure. Whenever possible, patients were 
studied repeatedly on successive days following 
stepwise increases in their digitalis dosage. No 
systematic attempt was made to follow serum 
potassium levels. 


RESULTS 


Of the thirty-seven patients in the group 
studied, ventricular arrhythmias attributable to 
carbohydrate administration were demonstrated 
in seven. Ventricular arrhythmias were pre- 
cipitated on ten occasions after ingestion of 
100 gm. of glucose by mouth, on three occasions 
after a high carbohydrate meal, once after 
rapid injection of 50 cc. 50 per cent glucose 
in water intravenously and once after slower 
infusion of 10 per cent glucose in water. Identical 
changes were produced by intravenously admin- 
istered glucose and by a high carbohydrate meal 
in one patient; another patient demonstrated the 
same changes after oral glucose as after a high 
carbohydrate meal. 

At the time of the procedure, five of the 
patients manifested either nausea or ventricular 
arrhythmias not present before digitalis therapy 
and would therefore, by the classic criteria, 
have been considered to show overt digitalis 
intoxication. In two patients the manifestations 
of toxicity, as reflected by ventricular premature 
beats, were evident only after administration 
of carbohydrate; both of these men had ex- 
hibited these arrhythmias in clear relationship 
to their digitalis therapy on previous days, al- 
though they were not considered on clinical 
grounds to exhibit digitalis toxicity at the time of 
the test. Of the thirty patients in whom carbo- 
hydrate administration failed to elicit disturb- 
ances of rhythm, digitalis intoxication was 
suspected on clinical grounds in only three. 
Two of these had ventricular premature beats 
not present before digitalis therapv; the third 
showed electrocardiographic evidence of auricu- 
lar tachycardia with block developing while his 
digitalis dosage was being rapidly increased. 
Three patients in whom the test procedure 
induced arrhythmias were receiving 6 gm. or 


more of potassium chloride daily by mouth. 
None of these had taken potassium for at least 
eight hours before carbohydrate administration. 


CASE REPORTS 


Case 1. (Hospital No. 15942.) W. R., a 
fifty-nine year old man, was admitted with a 
history of exertional dyspnea and edema of three 
years’ duration. Hypertension was known to 
have been present at least one year. ‘The patient 
had received 0.1 gm. digitalis folia daily for the 
past twelve months. In the week preceding 
admission, as an outpatient, he was given four 
mercurial injections, supplemented by 0.3 gm. 
potassium chloride three times daily. There 
were no symptoms of digitalis intoxication. 

The electrocardiogram showed only first 
degree heart block and non-specific T wave 
changes. A control tracing revealed one prema- 
ture beat in five minutes. Sixteen minutes after 
oral administration of 100 gm. of glucose the 
tracing showed coupled, occasionally repetitive 
and multiform premature beats (Figs. 1A and 
B) with a frequency of twelve per minute, which 
were still present fifty-five minutes later. Similar 
results were obtained after oral glucose on three 
additional occasions, on which it was further 
noted that, while no premature beats could be 
demonstrated immediately after ingestion of 
glucose, bigeminy would invariably appear 
between fifteen and twenty minutes after such 
feedings. 

To test the effect of an ordinary meal the 
patient was studied before and after an ordinary 
low-salt breakfast consisting of scrambled eggs, 
two pieces of toast, and weak coffee with a double 
serving of sugar. A five-minute control cardio- 
gram and a three-minute strip immediately after 
eating showed no premature beats. Fifteen 
minutes after the end of the meal bigeminal 
beats were first apparent, increasing to a fre- 
quency of 5 per minute thirty minutes post- 
prandially (Fig. 2) and still present after one 
hour. 

Case m. (Hospital No. C35198.) J. H., a 
fifty-five year old man, was admitted with a 
history of angina pectoris for nine months, and 
edema, dyspnea and orthopnea for three weeks 
prior to entry. Physical examination revealed a 
blood pressure of 130/90 and pulse of 85. The 
patient was a chronically ill appearing male 
with Cheyne-Stokes respirations, rales at both 
lung bases, hepatomegaly, and the thickened 
skin of chronic edema over his lower legs. The 
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Fic. 1. Case 1. (Lead mi.) A, control tracing before oral glucose showed only one premature beat in 





1B 


five minutes. B, sixteen minutes after 100 gm. glucose by mouth; note numerous bigeminal, multi- 


form, occasionally repetitive premature beats. 


Fic. 2. Case 1. (Lead rm.) A, control tracing before breakfast; no premature beats in five minutes. B, 
thirty minutes after breakfast; note appearance of bigeminy. 


heart was enlarged to the anterior axillary 
line with a localized, expansile apical impulse, 
accentuated P2, diastolic gallop, and a grade 1 
decrescendo early diastolic murmur along the 
left sternal border. Admission laboratory data 
included a serum potassium of 5.3 mEq./L., 
serum sodium of 145 mEq./L. The patient 
received 1.7 gm. digitalis folia over a nine-day 
period, and was given occasional mercurial 
injections, and a daily dose of ammonium 
chloride, 4 gm. per day. There were no symp- 
toms of digitalis toxicity. 

The electrocardiogram was suggestive of left 
ventricular hypertrophy and digitalis effect. A 
control tracing revealed multiform ventricular 
premature beats with a frequency of only two 
per minute. (Fig. 3A.) Five minutes after inges- 
tion of 100 gm. of glucose the T waves became 
inverted. At thirty minutes the frequency of 
premature beats had increased to eight per 
minute. Forty minutes after ingestion of glucose 
there was marked cardiac slowing and the 
electrocardiogram showed the classic changes 
described in potassium deficiency, with pro- 
longation of the P-R interval, inverted T waves, 
and prominent positive after-potential (“U 
waves"). (Fig. 3B.) Concomitantly, the fre- 
quency of premature beats increased to twelve 
per minute, the coupled premature beats ap- 
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pearing to interrupt the U wave. (Fig. 3C.) 
Repetition of this test on two additional days 
yielded essentially similar results. 

Case m. (Hospital No. A93439.) W. B. S., a 
sixty-six year old man, was admitted with a 
history of dyspnea ofseventeen months' duration, 
and of edema and nocturnal dyspnea of three 
months' duration. Although he was known to be 
subject to bouts of “paroxysmal tachycardia,” he 
had not been digitalized because of alleged 
“digitalis sensitivity." Physical examination re- 
vealed a blood pressure of 140/90 mm. Hg and 
a pulse of 95-100 per minute. The patient was 
a somewhat wasted, emphysematous man with 
distended neck veins, rales at both lung bases 
and hepatomegaly. The heart was questionably 
enlarged and, except for an irregular rate, was 
not otherwise remarkable. 

Admission electrocardiogram (before digitalis) 
was suggestive of left ventricular hypertrophy 
and revealed ventricular premature beats 
from the same focus (Fig. 4A), often appearing as 
a trigeminal rhythm. It was found difficult to 
digitalize the patient because of a tendency to 
develop a bizarre, presumably ventricular 
tachycardia. He was finally given a total of 
3.5 mg. gitaligen? over a three-day period and 
potassium chloride 6 gm. per day. 

Electrocardiograms before and five minutes 
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Fıc. 3. Case 11. (Lead 11.) A, control tracing. B and 
C, strips from different parts of tracing taken forty 
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minutes after 100 gm. glucose by mouth; note pro- 





longed P-R interval, T wave changes and promi- 


nent *U waves" in B which are interrupted by 


coupled premature beats in C. 


Fic. 4. Case ni. (Lead 11.) A, control, before digital- 
ization. B, control before glucose, after digitaliza- 
tion; note persistence of bigeminal beats present be- 
fore digitalis. C, twenty minutes after intravenous 
injection of 50 ml. of 50 per cent glucose in water; 


after intravenous injection of 50 cc. of 50 per 


cent glucose in water showed only the premature 
beats which had been noted prior to digitaliza- 


note replacement of previous bigeminy by ectopic 


beats of different configuration. 


tion. (Fig. 4B.) Ten minutes after the injection 
the previously described premature beats were 


mercurial injections, oral mercurials and car- 


bonic acid anhydrase inhibitor. Two weeks prior 
to admission, on a visit to the emergency ward, 


he had inadvertently received a second com 


noted virtually to disappear, to be replaced by 


complexes from a new ectopic focus with a 


plete 


frequency of fifteen per minute (Fig. 4C) which 
persisted for forty-five minutes. In thesubsequent 


leaf while continuing 


his maintenance dose of the drug and the mer- 
curial diuretic therapy. On this regimen he had 


developed increasing edema and dvspnea and on 


digitalizing dose of digitalis 


twenty-four hours the patient received an addi- 


tional 1.5 mg. of gitaligen. The next morning 
tracings taken before and immediately after 


breakfast (consisting of grapefruit juice, cereal 


admission had been vomiting for several days. 


examination revealed a cachectic, 
orthopneic man with a blood pressure of 130/80 


Physical 


with sugar, one egg and weak coffee with sugar) 
again showed only the single focus of premature 


mm. Hg, distended neck veins, hepatomegaly 
and edema. The heart was diffusely enlarged to 
the right and left, the heart sounds tumultous 


beats that had been present before digitalization. 


Fifteen minutes postprandially the new ectopic 
focus previously elicited with intravenous glucose 
reappeared, reaching a maximum frequency of 


16 per minute one-half hour after the meal, and 
again completely replacing the other focus. 


with a rapid rate alternating with runs of 
slower bigeminal rhythm. Admission electro- 


complexes and runs of multidirectional ventric- 


cardiogram revealed complete atrioventricular 
dissociation with multiform, coupled ventricular 
ular tachycardia at a rate of 150 beats per 


(Hospital No. C35354.) H. H., a 


forty-eight year old man with known luetic 


CASE IV. 


aortic insufficiency, had been followed in the 


outpatient department over a six 


enous infusion of 5 per cent 


minute. An intrav 
glucose with 40 mEq. potassium chloride 


month period 


multiple 


on maintenance doses of digitalis, 
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of 


glucose the following morning failed to elicit 


abnormal ventricular complexes. 


showed 


half minute run of 
auricular fibrillation, left ventricular hyper- 


ventricular tachycardia at a rate of 110 per 
1 ventricular premature 


Feeding of 100 gm. 
(Hospital No. C42179.) C. P., a 


(Fig. 5B.) Potassium and procaine 
twenty-three year old man with rheumatic 


amide therapy was continued for the next 


. 


three minutes. Twenty minutes postprandially 
CASE v. 


heart disease and congestive heart failure of 
long-standing, was admitted because of progres- 
sive dyspnea. Physical examination revealed 
murs of mitral stenosis, aortic stenosis and aortic 


cardiomegaly, auricular fibrillation, and mur- 
insufficiency. An electrocardiogram 


there appeared a one and one- 


twentv-four hours. 
trophy and occasiona 


minute. 


ed no 


LI 


in rapid 


(Fig. 5A.) 


although com- 
The patient was then given breakfast consisting 


? 


-minute control 


2.0 gm. every eight hours. 
kfast reveal 


infusion resulted 


? 


1955 


Fic. 7. Case vi. (Lead aVL.) A, control tracing shows no premature beats. B, forty-five minutes after 
' abolished the ventricular tachycardia 


Fic. 6. Case v. (Lead 1.) A, control tracing showing only slow auricular fibrillation. B, fifteen minutes 
100 gm. glucose by mouth; note appearance of bigeminy. 


Fic. 5. Case iv. (Lead 11.) A, control iad showing complete A-V dissociation with normal ventricular 
after start of infusion of 10 per cent glucose in water; note appearance of ventricular ectopic beats. 


complexes. B, twenty minutes after breakfast; note appearance of ventricular tachycardia. 


it had been prior to the present episode. Ter- 


mination of the 
amide, 0.5 gm. every four hours by mouth, and 


potassium chloride 
of toast, cereal with a double serving of sugar, 


eggs and weak coffee with sugar, taken over a 
half-hour period. A tracing taken five minutes 
after breakfast showed one premature beat in 


figuration of the ventricular complexes to what 
recurrence of the chaotic ventricular rhythm. 
Accordingly, the patient was given procaine 


and bigeminal beats, and reverted the con- 
abnormal ventricular complexes 
plete A-V dissociation persisted. 


Thirty-six hours later a three 
tracing taken before brea 


promptly 
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beats. These ventricular premature beats disap- 
peared during intensified digitalis therapy. Two 
tests, on successive days, with 100 gm. glucose 
orally failed to elicit any arrhvthmias after 
1.6 gm. digitalis folia and 1.0 mg. digoxin, 
respectively. On the fifth day of digitalis therapv, 
having had a total of 2.2 gm. digitalis, the pa- 
tient for the first time complained of nausea. 
Attempts at oral glucose feeding were aborted 
by retching. The patient was accordingly given 
an infusion of 10 per cent glucose in water at 
15 cc. per minute. Control electrocardiogram 
(Fig. 6A) showed no abnormal ventricular 
complexes. The ventricular rate remained at 
seventy per minute throughout the infusion. 
Fifteen minutes after the start of the intravenous 
drip, tracings indicated multiple repetitive 
ventricular premature beats (Fig. 6B) (alter- 
natively, a slightly irregular idioventricular 
pacemaker). Five hours later, when the patient's 
nausea had completely subsided, intravenous 
injection of 40 cc. of 50 per cent glucose in water 
failed to elicit abnormal ventricular complexes. 

Case vi. (Hospital No. C21863.) L. M., a 
forty-six year old man with luetic aortic insuff- 
ciency, long-standing hypertension and con- 
gestive failure of four years’ duration, was 
admitted because of increasing edema, anorexia 
and nausea. He had received 1.4 gm. of digitalis 
folia over a five-day period in addition to his 
previous maintenance dose. Physical examina- 
tion revealed a blood pressure of 210/140 mm. 
Hg, marked wasting, pulmonary congestion, 
hepatomegaly, edema, marked cardiomegaly, 
and a grade iv aortic decrescendo diastolic 
blowing murmur. In spite of marked nausea the 
patient was able to retain 100 gm. of glucose by 
mouth. Control electrocardiogram showed au- 
ricular fibrillation, left ventricular hypertrophy 
and intraventricular block, but revealed no 
premature beats. (Fig. 7A.) Thirty minutes after 
glucose ingestion rare bigeminal beats appeared, 
and at forty-five minutes runs of classic coupling 
were in evidence. (Fig. 7B.) 

Case vu. (Hospital No. 53054.) J. T., a 
seventy year old man with known hypertension 
for six years, was seen as an outpatient with 
complaints of nocturnal dyspnea and edema of 
six weeks’ and one month's duration, respec- 
tively. Physical examination revealed an obese, 
emphysematous man with a blood pressure of 
220/130 mm. Hg, distended neck veins, signs of 
fluid at the right lung base, dependent edema 
and moderate cardiomegaly. An electrocardio- 


gram prior to digitalization showed first degree 
heart block and was suggestive of left ventricular 
hypertrophy. There were no premature beats. 
The patient received 1.2 gm. digitalis folia over a 
twenty-four-hour period. Following this he had 
a diuresis and diarrhea (seven stools in one day) 
developed. He was seen again thirty hours after 
the last dose of digitalis. Control electrocardio- 
eram at this time revealed increase in his first 
degree heart block with occasional 2:1 second 
degree block. In addition, rare multiform 
ventricular premature beats had developed 
with a frequency of two per minute. Fifteen 
minutes after an oral dose of 100 gm. glucose the 
premature beats had become repetitive and more 
frequent, attaining a maximal frequency of fifteen 
per minute at one hour. 


DISCUSSION 


Clinical Implications. The precipitation of 
fatal ventricular arrhythmias is the cardinal 
hazard of digitalis therapy. Frequently the ap- 
pearance of ventricular extrasystoles heralds the 
onset of an ominous sequence which, in the 
presence of the underlying structural heart 
disease, progresses to ventricular tachycardia 
and culminates in ventricular fibrillation. The 
demonstration that such arrhythmias can be 
brought out or aggravated by oral or intra- 
venous carbohydrate administration is therefore 
of some importance. This is true in the patient 
nauseated from digitalis overdosage, in whom 
infusions of glucose in water are often the princi- 
pal means of sustaining adequate nutrition while 
nausea and vomiting persist. It applies equally 
to the decompensated patient with a recent 
myocardial infarction (or some other cause of an 
"irritable myocardium") in whom the delicate 
balance may be upset in favor of ventric- 
ular fibrillation by a digitalis-induced ectopic 
rhythm. 

If it is true that the arrhythmias described 
here represent aggravation of digitalis toxicity 
as a result of a fall in the plasma potassium 
secondary to fluctuations in the blood sugar 
level, clinical judgment might suggest the 
advisability of certain precautionary steps. 
Prophylactic administration of potassium salts 
with oral or intravenous carbohydrate, and 
avoidance of excessive blood sugar fluctuations 
by restricting highly refined carbohydrate in the 
diet would seem logical measures; it must be 
emphasized that no evidence for their efficacy 
is available from this study. In this regard, the 
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management of. digitalis intoxication resembles 
that of periodic familial paralysis,® since in koth 
conditions ventricular arrhythmias on the sne 
hand, and muscular paralysis on the other, zan 
be precipitated by a carbohydrate-induced 
serum potassium fall and can be prevented by 
potassium therapy. In view of the fact that both 
epinephrine and insulin have been shown to 
cause a marked fall in blood potassium levelz,*: 
one may speculate further on the importance of 
suppressing excessive emotional discharges end 
spontaneous hypoglycemia in critically digi-al- 
ized patients. 

Mechanism. Lown and associates were able to 
produce ventricular ectopic beats and ventric- 
ular tachycardia by the selective removal of 
potassium from digitalized dogs? and patien-s,? 
using the artificial kidney. In addition, they 
reported a patient in whom digitalis intoxication 
was evoked after lowering the serum potassium 
from 4.1 mEq./L. to 3.0 mEq./L. following 
administration of 50 gm. glucose with 25 urits 
of insulin, the arrhythmia being abolished br a 
single oral dose of potassium acetate.? These 
data, in conjunction with their similar findings in 
potassium depletion associated with mercurial 
diuresis, gastrointestinal potassium loss aad 
adrenal steroid therapy, have established that 
a fall in serum potassium or potassium depletion 
may bring out toxic cardiac manifestation due to 
digitalis in digitalized subjects. 

In 1924 Harrop and Benedict!’ first demcn- 
strated the fall in plasma potassium levels after 
oral glucose feeding of non-diabetics. Farber et 


al,? who recently restudied this phenomenon, . 


were able to show a consistent fall in arter-al 
plasma potassium levels after oral or intravenous 
glucose, and emphasized the failure of the vencus 
plasma potassium levels to reflect the changes 
detected in arterial blood. The latter finding 
may explain why Rochlin et al,* who deter- 
mined postprandial potassium levels in veno.s 
blood, were often unable to correlate the electro- 
cardiographic changes suggestive of hypopotzs- 


semia with a simultaneous fall in potassium. . 


That these electrocardiographic changes a-e 
clearly related to hypopotassemia was demon- 
strated by Parrish, Sugar and Fazekas,! wLo 
were able to reverse the T wave inversion ard 
Q-T prolongation during insulin-induced hypo- 
glycemia and hypopotassemia by administerirg 
potassium, without, at the same time, correctirg 
the hypoglycemia. Moreover, the terms “‘post- 
prandial T wave inversion, prolonged Q-T 
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interval, and appearance of U waves” are 
probably inaccurate, since all of these electro- 
cardiographic phenomena are said to represent 
interference with the T or U wave by a positive 
after-potential which is distinct from the T and 
U waves and which may be abolished by potas- 
sium administration.!^!5 There is good evi- 
dence‘ relating the plasma potassium fall to the 
entry of potassium into hepatic parenchymal 
cells during deposition of liver glycogen. Experi- 
ments zm vitro on potassium entry into muscle 
during glucose deposition have yielded discord- 
ant results,!5-!7 and studies in man® were 
interpreted by Farber et al. as pointing to a loss 
of potassium by peripheral tissues in an effort 
to maintain the plasma level. Whatever the 
mechanism, the arterial plasma potassium does 
fall. There is some question as to whether 
the electrocardiographic changes resembling 
those of potassium depletion are a reflection of 
the lowered level in the arterial plasma or of a 
total body potassium deficit. In the latter case, 
one would have to postulate that, in entering the 
cells with carbohydrate, potassium temporarily 
enters a compartment" which is not. func- 
tionally a part of ionically active body potassium. 

. An alternative explanation for the fall in 
plasma potassium would be to link it to the 
extracellular alkalosis of the postprandial “alka- 
line tide." This explanation receives some sup- 
port from the demonstration’ by Magida and 
Roberts! that the electrocardiogram in alkalosis 
is indistinguishable from that of hypopotassemia, 
and from the finding by Darrow and others!? 
that alkalosis tends to be associated with potas- 
sium depletion. Operation of this mechanism in 
precipitating digitalis intoxication by its potas- 
sium-lowering effect cannot be ruled out in 
those patients in this series manifesting toxicity 
after an ordinary meal, but seems unlikely 
after oral glucose alone, and is not applicable 
to those instances in which intravenous glucose 
was used. Similarly, an attempt to explain 
carbohydrate-induced ventricular arrhythmias 
in digitalized patients on the basis of the extra 
demands made on the circulatory reserve by the 
digestive processes fails to account for the 
response tó intravenous glucose and would 
not explain why this reaction was found only in 
patients at or near the point of digitalis intoxica- 
tion. All thirty-seven patients in the group 
studied had heart disease of comparable 
severity; in fact, while the seven patients with 
positive responses are still living, there have 
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been five deaths in the thirty patients in 
whom carbohydrate failed to induce ventricular 
arrhythmias. 


SUMMARY 


Administration of carbohydrate orally or 
intravenously in seven patients at or near the 
point of digitalis intoxication precipitated 
ventricular premature beats in six patients and 
ventricular tachycardia in one patient. 

This effect is attributed to reduction in the 
arterial plasma potassium level after carbo- 
hydrate administration. 
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The Efficacy of Carotid Sinus Pressure in the 
. Differential Diagnosis of Triple Rhythms’ 


Jonn L. Reap, M.D. and WiLLIAM B. PORTER, M.D. 
Richmond, Virginia 


HE accurate diagnosis of heart disease de- 

pends to a considerable extent upon :he 

art of auscultation first described over 
2,000 years ago by Hippocrates;! brought iato 
sharp focus with the introduction of the stetao- 
scope by Laennec in 1819;? first graphically 
recorded by Huerthle? in 1893; its basic laws 
defined by Rappaport and Sprague*? in 1941- 
1942; and owing many of its present achieve- 
ments to the important contributions of Levine, ®7 
Wolferth and Margolies? Evans,"!? Lian," 
Luisada'? and others.!?—1$ 

Normally, the contraction and relaxation of 
the heart produces two sounds; occasionally, 
three. These are predominantly valvular in 
origin, the energy of the first sound being 
derived primarily from vibrations set up by the 
closure of the A-V valves and that of the second 
sound from vibrations subsequent to the closure 
of the semilunar valves. Muscular and vascular 
movements also contribute to these sounds so 
that the graphic record of each sound zan 
actually be divided into four component parts 
on the basis of their derivation. In conditions 
which alter the valves, vibrations result which 
have been termed murmurs and whose signifi- 
cance and clinical interpretation. forms an 
integral part of the art of auscultation. 

In conditions which alter muscular function, 
notably left or right ventricular failure, an 
additional sound may appear during dias-ole 
which is commonly termed a gallop sound and 
the rhythm referred to as a gallop rhythm, from 
its resemblance to the canter of a galloping 
horse.!3-19.20 The phenomenon has achieved 
clinical significance in that it is almost in- 
variably associated with a failing ventricle and 
tachycardia. Supposedly, it rarely if eve- is 
audible at rates below 100. A gallop sound 
consists of usually one to seven coarse vibrat.ons 


of very low frequency as compared to a murmur 
which consists of a series of finer, more regular 
and more numerous vibrations. Evans? has given 
an excelent graphic differentiation of sounds 
versus murmurs. He states that in the case of a 
sound the vibration is coarse and the distance 
between each vibration forms a square in 
relation to a millimeter scale. In the case of a 
murmur the vibrations are finer and form an 
oblong. Additional sounds may occur during 
systole but these are usually of no real clinical 
significance and therefore should not be called 
gallop sounds. Extra sounds during both diastole 
and systole may be confused with splitting or 
reduplication of the first or second heart sound, 
particularly with rapid rates. 

The term triple rhythm, or three-sound 
rhythm, has been introduced in order to 
encompass conveniently all of these various 
extra heart sounds. Our classification, based 
upon the work of a number of authors, is as 
follows: 2n 


1. Diastolic sounds 
A. Pathologic 
1. Protodiastolic gallop rhythm 
2. Presystolic gallop rhythm 
3. Summation gallop rhythm 
4. Opening snap of mitral stenosis 
B. Physiologic 
1. Protodiastolic sound (third heart 
sound). 
2. Presystolic sound (auricular sound) 
3. Fusion sound (Wolferth and Mar- 
golies??) 
n. Systolic Sounds - 
A. Pathologic 
1. Pulmonary early systolic sound 
(dilatation of the pulmonary artery, 
Leatham and Vogelpoel??) 


* From the Cardiovascular Section, Medical Service, McGuire V. A. Hospital, and the Department of Medicine, 
Medical College of Virginia, Richmond, Va. 
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B. A tu Sg e 
1. Systolic click, tap, knock, scratch, 

etc. 

2. Systolic sounds 
(a) Aortic systolic sound 
(b) Apical systolic sound 

3. Reduplication of normal heart 
sounds 


Protodiastolic Gallop and Physiologic Third Heart 
Sound. 1?.22,24-31 The protodiastolic gallop sound, 
or accentuated third heart sound, occurs early 
in diastole during the first phase of ventricular 
filling, or that of “rapid passive filling." Since 
the timing is identical whether the sound is 
pathologic or physiologic, the gallop and third 
heart sound will be described together. 

The best description of the third heart sound 
is that written by William Thayer** in 1908. 
He was able to hear a third heart sound in 
65 per cent, of young people with thin chest 
walls. He states: “This sound is softer and of 
lower pitch than the second sound; sometimes 
it is a dull, distant thud; sometimes merely a 
hum; it occurs shortly after the second sound, 
ie. at the beginning of the long pause. It is, 
however, always appreciable at a time or later 
than that occupied by a true reduplication 
of the second sound, and it is audible only or 
with greatest intensity at or near the apex. In 
some cases it may be heard over the lower part 
of the right ventricle. At times, the sound is 
followed by the faintest suggestion of an echo 
resembling a slight early mitral diastolic mur- 
mur. . . . The quality of the sound is low 
pitched and clear with no suspicion of harshness 
or anything suggesting a murmur." He observed 
that the sound occurred at the beginning of the 
protodiastolic wave of the apex cardiogram, 
and simultaneous with the h wave of the jugular 
pulse tracing or immediately after the fall of the 
v wave. The sound was best heard with the 
patient on his back or left side during the short 
interval between expiration and inspiration. 
His cases all had relatively slow pulse rates 
(50-88). It was his impression that the sound 
was clear as compared to the dull sound of a 
gallop and distinguishable from the opening 
snap of the mitral valve with its short snapping 
quality. Wolferth and Margolies?? observed no 
essential differences in the quality, location, time 
relations or influence of posture or various 
maneuvers to alter the sounds in distinguishing 
gallop from physiologic third heart sounds. They 


found that aside from the decreasing frequency 
with advancing age the only differential criterion 
was the status of the cardiac function. Bram- 
well?” emphasizes that the physiologic third heart 
sound occurs without evidence of abnormality | 
of cardiac function. He presents several differ- 
ential points, namely: (1) gallop sounds are 
easily palpable as well as audible (except in 
emphysematous patients); (2) the accessory 
sound in gallop rhythm is only a dull thud, an 
abnormality of rhythm often more obvious 
on palpation; (3) the normal impulse produces 
a single thrust but the gallop impulse is a double 
wave with two components similar to each other, 
and (4) the sounds in gallop rhythm are almost 
evenly spaced whereas the physiologic third 
heart sound is obviously more closely related 
to the preceding second sound. The sound 
usually consists of one slow vibration which 
follows the second sound by 0.10 to 0.21 seconds 
(usually 0.13 to 0.18). If the second sound is split, 
the time relationship is maintained with one of 
the components. With reference to other phe- 
nomena, Luisada!® states that it coincides with 
the termination of rapid relaxation in the 
electrokymogram of the left ventricular wall and 
slightly precedes the peak of the L wave of the 
ballistocardiogram. It has an average duration 
of 0.059 seconds but may vary from 0.050 to 
0.061 seconds. 

The physiologic third heart sound has been 
said to arise from vibrations of the A-V valves. 
It can be heard on direct auscultation of the 
heart in the open chest. The protodiastolic 
gallop supposedly results from the very rapid 
inflow of blood during early diastole into a 
dilated and flabby ventricle whose distensibility 
has been altered. The sound apparently arises 
from vibrations set up by the impact of the 
ventricle against the chest wall. Elevated pul- 
monary venous and left auricular pressure in the 
presence of an accelerated heart rate are 
factors which intensify this phase of rapid filling 
and predispose to the protodiastolic gallop. The 
sound may be heard in the presence of auricular 
fibrillation since its genesis does not depend 
upon auricular contraction. . 

Presystolic Gallop.” ‘The presystolic gallop 
sound presumably represents an accentuated | 
auricular sound. Its position actually depends 
upon the time of auricular contraction, but the 
sound usually occurs 0.08 to 0.14 seconds after 
the beginning of the P wave of the electro- 
cardiogram. The average time of onset is 0.05 
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seconds after the peak of the P wave. Thus wizh 
A-V conduction defects the extra sound may 
precede the first sound by a considerably longzr 
period, depending upon the P-R interval. In the 
case of a shortened P-R interval the split between 
the gallop and the first sound may be no wider 
than that between a reduplicated first sound. 
In view of these observations, Wolferth and 
Margolies point out that a wide split between 
the extra sound and the first sound favors a 
gallop whereas a narrow split has no differential 
value. Lian?! refers to the exceptional situation 
in which the silent interval between the gallop 
sound and the first sound is lacking. He terms 
this a delayed presystolic gallop (galop pré- 
systolique retardé). The differentiation between 
this sound and a split first sound depends on 
whether the double sound precedes the summit 
of the R wave of the electrocardiogram or 
whether both vibrations follow the summit of tae 
R wave, as is the case in splitting of the ficst 
heart sound. With reference to other time 
factors, the presystolic gallop sound occurs at the 
same time as a large distinct a wave of the 
apex cardiogram and the a wave of the jugular 
pulse. The auricular wave of the apex card:o- 
gram is of large size in the case of a presystolic 
gallop.?! It also coincides with point G of the 
ballistocardiogram and a small positive atr.al 
wave of the electrokymogram of the left ventricle 
and with the descending limb of the negative 
atrial wave of the electrokymogram from the 
right or left atrial walls.!? It is obviously not 
heard in the presence of auricular fibrillation. 
The sound 3s recorded best at the apex or m:d- 
precordium, especially in the left decubi-us 
position and also in the epigastrium. It occurs 
during the peak of the third phase of ventricu.ar 
diastole or the period of “rapid active filling" 
due to auricular contraction. Bond?! presents 
an excellent discussion of the dynamic factors 
concerned with the production of this exca 
sound. He states, “As long as the damping action 
of the ventricle is preserved, auricular con- 
tractions remain inaudible. If, however, :he 
ventricle has lost its silencing power, the reason 
for this change can only be an alteration in the 
state of its wall. (Amount of damping is propor- 
tional to the yielding capacity of normal ventric- 
ular muscle in diastole.) We must assume that 
the ventricular wall is no longer in a state of 
complete relaxation in diastole, but now offers a 
marked resistance to the entrance of blcod 
during auricular systole. 
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“The pressure wave produced by the con- 
tracting auricle meets with a ventricular wall 
which no longer yields passively to every im- 
pulse; the pressure is raised suddenly in the large 
common cavity comprising both auricle and 
ventricle, and the whole of its surrounding wall 
is thrown into tranverse vibrations. ‘These, 
transmitted to the wall of the chest, are heard 


. as the familiar third sound of gallop rhythm. 


As has often been stated, it is best heard near 
the apex, which is that portion of the vibrating 
muscle mass closest to the wall of the chest. In 
this conception, the extra sound is a combined 
auricular and ventricular effect, and the partici- 
pation of the ventricle explains why a sound, 
auricular in origin, should be so well perceived 
over the ventricle." Thus increased diastolic 
tension of the ventricle and increased intra- 
auricular pressure are regarded as the main 
factors in the causation of the extra sound. 

In patients with normal rhythm or normal 
hearts, no distinct auricular sound is audible. 
In heart block, however, sounds synchronous 
with isolated auricular contractions may be 
heard. The first sound may be reinforced or 
accentua-ed in cycles where the extrasystole hap- 
pens to svnchronize with auricular contraction. 

In 1888, Rouchés?? introduced the term, 
“claquement d'ouverture de la mitrale” or 
opening snap of the mitral valve. He suggested 
that the sound was produced by the sudden 
stretching of a stenosed mitral valve as the blood 
rushed from left auricle to left ventricle. This 
extra sound has acquired added significance? 
with the advent of mitral valve surgery since it 
indicates the presence of a flexible or operable 
valve. It is invariably accompanied by a snap- 
ping mitral first sound. It has been observed that 
this sound is generally not present in the event 
of gross calcification of the valve, slight stenosis 
or marked insufficiency. Mounsey*4 made a 
clinical and phonocardiographic study of thirty- 
three patients with mitral stenosis as tbeir 
predominant valvular lesion. The opening snap 
was heard in twenty-eight cases, in four it was 
seen only on phonocardiography, and in one 
the sound could not be elicited. The sound is 
composed chiefly of high frequency vibrations 
of brief duration (0.005 to 0.01 seconds). It was 
best heard over the supramammary area al- 
though in most cases it was heard equally well 
along the left sternal border and over the mitral 
area, lezst often over the pulmonic area. The 
average interval between the beginning of the - 
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second sound and the opening snap was 0.07 
seconds with a range of 0.03 to 0.14 seconds. He 
found that this distance varied directly as the 
length of the diastolic interval. In twenty-seven 
of the thirty-two cases the mitral snap was fol- 
lowed closely by a mid-diastolic murmur. In 
thirty-one of the thirty-three patients doth split- 
ting of the second sound and an opening snap 
were present. In every instance the split sound 
was heard loudest in the pulmonic area. The 
third sound is of much lower frequency than the 
opening snap. A helpful differential point in 
patients with physiologic splitting was the 
widening or disappearance of the split with 
deep inspiration. Such variation does not occur 
with splitting in bundle branch block. The 
opening snap coincides with the beginning of 
the descent of the v wave of the jugular pulse. 
Summation Gallop.? In the event that the 
time zones of both protodiastolic and presystolic 
gallop sounds merge, an augmented or summa- 
tion sound may be produced. This situation 
occurs in cases of tachycardia, A-V block, sinus 
arrhythmia or auricular extrasystoles. The 
sound may occur in failure but also in normal 
persons with tachycardia or in patients with 
rheumatic fever who exhibit tachycardia and 
prolonged P-R intervals. Wolferth and Margo- 
lies?” in their series observed that the critical 
rate (rate at which the two extra sounds merge) 
was usually between 100 to 130 beats per minute. 
If the P-R interval was prolonged, however, the 
critical rate tended to be lower (90-100). 
Systolic Sounds.**.**-# Leatham and Vogel- 
poel?? recently described perhaps the only 
systolic sound considered pathognomonic of 
heart disease; namely, a pulmonary early 
systolic sound in patients with dilatation of the 
pulmonary artery. This sound was originally 
described by Lian and co-workers in 1937 and 
1942 as an early systolic sound {claquement 
protosystolique) heard over the pulmonary area 
in patients with pulmonary stenosis and with 
dilatation of the pulmonary artery, and also at 
the aortic area in patients with aortic valve 
disease. Leatham and Vogelpoel performed 
detailed studies of this sound combined with 
catheterization of the pulmonary artery. The 
sound was found to be high-pitched and often 
sharp like a click. It was loudest over the pul- 
monic area and during expiration, at times al- 
most disappearing during inspiration. It is not 
affected by position and has a constant place in 
the cardiac cycle. The sound gives the impres- 


sion of wide splitting of the first heart sound but 
has more of a click-like quality. The time interval 
between the onset of major high frequency 
components of the first sound and the onset of 
the pulmonic extra sound averages 0.07 seconds 
with a range of 0.05 to 0.14 seconds. Of fifty 
patients demonstrating this sign on ausculta- 
tion forty-four had pulmonary hypertension 
which was confirmed by cardiac catheterization 
in forty-two. Sixteen of the patients had mitral 
stenosis, seven had a patent ductus arteriosuz, 
ten had a ventricular septal defect, seven had an 
atrial septal defect, three had primary pul- 
monary hypertension, and one had transposition 
of the great vessels. In the seventeen cases 
with patent ductus and ventricular septal 
defect the pulmonary pressure was apparently 
high enough to reverse the usual left-to-right 
shunt and thus abolish or diminish the con- 
tinuous or long systolic murmurs, respectively. 
The authors state that the presence of this sound 
in patients with mitral stenosis indicates a 
severe degree of pulmonary hypertension, but 
that its absence does not mean lower pressures. 
The so-called systolic gallop was first de- 
scribed by Cuffer and Barbillon!? in 1887 as 
‘““mesosystolic gallop.” They observed the sound 
in four patients with typhoid fever and in two 
with tuberculosis. Potain!? stated that the 
sound could be heard best over the aortic area 
and regarded it as an arterial phenomenon 
subsequent to diminished elasticity and tonicity 
of the aorta. Wolferth and Margolies?! were 
able to make the diagnosis of systolic gallop 
eight times in ten years despite the fact that 
they were particularly interested in the study of 
extra heart sounds. Thompson and Levine?’ 
observed thirty-five cases over an eleven-year 
period and during the same interval observed 
186 patients with diastolic gallop rhythm. Their 
incidence of systolic gallop was therefore 16 per 
cent. They found that the extra sound resembled 
the first heart sound although the intensity was 
variable. The sound was heard only at the apex 
or with maximum intensity there in most 
patients. 'The patient's position also considerably 
influenced the intensity of the vibrations. The 
heart rate in most cases ranged from 70 to 80 
beats per minute. These authors emphasize the 
benign nature of the sign which for the most 
part was found in “nervous people," two-thirds 
of whom had no evidence of heart disease. Dur- 
ing the period in which their patients were 
observed 46 per cent of those with diastolic gal- 
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lop rhythm died or were presumed to have 
died whereas none of the patients with systolic 
gallop expired. After reviewing the many 
theories of genesis in the older literature, ther 
summarized that, “Opinion as to mechanism i 
then roughly divided into two basic ideas, that of 
a lengthened period of isometric contraction of 
the ventricle with resultant dissociation of the 
elements of the normal first sound and that of 
production by a diseased or weakened aortic 
wall. White*? mentions that the cause is 
unknown but may possibly be due to deformity 
of valves, chordae tendinae, pericardium or 
pleura. Wolferth and Margolies*® suggest that 
the sound may arise from the pressure of the 
contracting heart against some emphysematous 
area in the overlying lung. They recognize tw» 
types of systolic gallop rhythm exclusive of the 
sounds which may fall between the first and 
second heart sound; namely, aortic and apicel 
systolic gallop rhythm. They further state thet 
the mid-systolic click bears no resemblance to 
the systolic gallop except that it falls between 
the first and second sound. It may have three cr 
more components and is usually heard best nezr 
the apex. 

The mid-systolic click is so described because 
of its obvious clicking quality. The quality of 
the sound has been variously described as rough, 
superficial, dry, vibrant, grating, tapping, etc. 
It is highly susceptible to positional and respira- 
tory variations. The extracardiac origin of tke 
sound has been very clearly demonstrated 
by Becker and Halpern*! who found that the 
sound was not constantly related to any part of 
the cardiac cycle as determined by simultaneous 
jugular, carotid pulse and electrocardiographic 
tracings. In their case the sound varied from 
mid-systole to protodiastole in time. It is a 
completely benign but often striking sound ar.d 
must occasionally be differentiated from a 
diastolic gallop or mitral opening snap. 

Our observations with respect to gallop 
rhythm parallel those of Bramwell.?” They are 
predicated upon the thesis that if the accepted 
physiologic explanations for true gallop rhythm 
are valid, then, with few exceptions, the demoa- 
stration of such a sound should be synonomo.s 
with the demonstration of heart failure. Debate 
as to the advisability of applying the term gallop 
rhythm to those cases with diastolic sounds 
which are inaudible and can be elicited only by 
graphic registration would seem to misinterpret 
the clinical connotation of this important sign. 


AUGUST, 1955 


The application of such terms as triple rbythm 
to the over-all group of extra sounds is helpful. 

One of zhe authors (W. B. P.) has found a 
simple bedside technic to be extremely helpful 
in the differentiation of gallop rhythm from 
other types of triple rhythm in approximately 
three-fourths of the patients who exhibit this 
sign. It has been observed that consequent to the 
slowing of ventricular rate effected by carotid 
sinus pressure, a true gallop sound will invariably 
become inaudible or disappear. The observation 
that variations in rate have a pronounced effect 
on gallop rhythm is not new; however, to our 
knowledge the utilization of a clinical test 
based on this fact for the simple and accurate 
differentia-ion of true gallop rhythm from other 
types of triple rhythm has not been generally 
practiced. 

We have found the right carotid sinus to be 
almost invariably more effective than the left 
in producing slowing of the ventricular rate. 

Ferris et al.** found no particular predomi- 
nance of either sinus in reproducing the symp- 
toms of the “cerebral” type of carotid sinus 
syncope, nor did Weiss and Baker.*® Our 
observations would suggest that the right carotid 
sinus pressure is more effective in slowing the 
ventricular rate in patients with gallop rhythm. 


MATERIAL AND METHODS 


Simultaneous electrocardiograms and phono- 
cardiograms were obtained from a series of 
thirteen consecutive patients who demonstrated 
a distinct gallop rhythm. In order to test the 
validity of the procedure, similar studies were 
carried out in four patients with complete 
bundle branch block, one patient with physio- 
logic splitting, and five patients with extra 
sounds during systole. In three patients, right, 
left and bilateral carotid sinus pressure failed 
to produce a significant slowing of the ventric- 
ular rate. One of the three (L. M.) did, however, 
develop a slow rate with disappearance of his 
gallop rhythm following bilateral compression 
of his eyeballs (oculocardiac reflex). A tabula- 
tion of these cases is presented in Tables 1 and n. 


CASE REPORTS 


Figure 1 is the phonocardiogram of J. L. 
(Table 1), a sixty-eight year old Negro man, 
who entered the hospital because of moderate 
hypertension complicated by early left ventric- 
ular failure. Auscultation revealed a diastolic 


182 


mM 


M ave MEE 
Do ---———--—-— 








umm 


B | TW LA | 
: BH "| ee E 
eR 


a 7 


p i 
En i ih uii B 


Á e MA m dn IRA TIE cale 
- * 


Im 
} 
A 
| 
k 


E | 
' mmm E 
| En ip : 
BRUIKEHI 1 
t DINGENEISSGH CCPELIPIESI 
Wu 


I 
BIB 
ait 
EIS 








3 | 
4 ii i "1 
E 
| —— i 4 — en 
T 


. jus Dg 


Fic. 1. Apical phonocardiogram from J. L. reveals 
a mid-diastolic gallop in A, which consists of one 
coarse vibration merging with three finer vibra- 
tions. Following right carotid sinus pressure (be- 
tween A and B) the heart rate slowed from 105 to 
60 beats per minute in C. In B, between the third 
first heart sound and the preceding second heart 
sound, the single coarse vibration has separated 
from the three finer vibrations, indicating the 
presence of a summation gallop in A. This separa- 
tion occurs at a rate of 83. The finer vibrations 
follow the peak of the third P wave in B by an 
interval of 0.04 seconds and the single coarse 
vibration follows the preceding second scund by 
an interval of 0.11 seconds. The gallop sound be- 
came inaudible when the rate slowed below ap- 
proximately 92 beats per minute. 

Fic. 2. Phonocardiogram from E. F. reveals a 
presystolic gallop sound in A. The ventricular 
rate is 118. Following right carotid sinus pressure, 
the heart rate slowed to 75. The gallop sound is 
no longer visible in B with the rate slowed to 90 
and became inaudible with a rate of approxi- 
mately 95. 
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gallop rhythm. Electrocardiogram was inter- 
preted as sinus tachycardia and left ventricular 
strain. Phonocardiogram from the apical region 
revealed one coarse diphasic vibration merging 
with three finer vibrations (Fig. 1, A). The 
ventricular rate at this point was 105. Follow- 
ing pressure on ‘the right carotid sinus, the 
ventricular rate slowed to 60. With a rate of 
83 the single coarse vibration separated from 
the three finer vibrations so that in B, Figure 1, 
the finer vibrations can be seen to follow the 
peak of the third P wave by an interval of 0.04 
seconds and the single coarse vibration to follow 
the preceding second sound by an interval of 
0.11 seconds. ‘These sounds were inaudible when 
the rate slowed below approximately 92 beats 
per minute. 

Figure 2 is the phonocardiogram of E. F. 
(Table 1), a forty-year old Negro man, who 
entered the hospital because of anasarca and 
congestive heart failure. He was a known 
alcoholic. Auscultation of the heart revealed a 
diastclic gallop rhythm. Despite the presence of 
marked cardiac decompensation, his arm-to- 
tongue circulation time using decholin was but 
ten seconds. He responded dramatically to 
thiamine. His electrocardiogram was inter- 
preted as sinus tachycardia, low voltage and 
diffuse T wave abnormality consistent with 
diffuse myocardial disease. In A, Figure 2, are 
seen three medium coarse vibrations, presystolic 
in time. The ventricular rate is 118. Following 
right carotid sinus pressure, B, the gallop sound 
became inaudible and was no longer visible in 
the phonocardiogram. The sound became 
inaudible at a rate of approximately 95. 

Figure 3-is the phonocardiogram of E. B. 
(see Table 1), a thirty-eight year old Negro man, 
who entered the hospital because of congestive 
heart failure. Auscultation revealed a diastolic 
gallop rhythm, which disappeared with ventric- 
ular slowing incident to pressure on the right 
carotid sinus. Electrocardiograms were inter- 
preted as showing slightly prolonged intra- 
ventricular conduction and left ventricular 
strain. Because of failure to demonstrate an 
etiology for his generalized cardiomegaly he was 
diagnosed as having idiopathic cardiac hyper- 
trophy. Phonocardiogram revealed a presystolic 
gallop sound consisting of two coarse vibrations 
separated by one finer vibration, A. The initial 
heart rate was 120. Following carotid sinus 
pressure, B, these vibrations disappeared from 
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TABLE I 
GALLO2 RHYTHM 












Case | potent | A Cardiac Initial Heart | Heart Rate When | 4. Gallop | Heart Failure 
No. ir Be Diagnosis Eate Gallop Inaudible dd Present. 
1 E. B. 38 | Idiopathic hypertrophy .20 90 . Presystolic Yes 
2 | AC 27 | Cor pulmonale -30 85 Summation Yes 
3 E. F 40 | Beri-beri 118 94 Presystolic Yes 
4 W.L 66 | Coronary -20 Mid-diastolic Yes 
n^ dede 68 | Hypertensive 105 92 Summation Yes 
6 L.M 35 | Hypertensive 120 98 Presystolic Yes 
7 C. M. | 49 | Coronary 125 Mid-diastolic Yes 
8 | C.. W. | 31 | Idiopathic hypertrophy 95 90 Presystolic Yes 
9 T.F 27 | Hypertensive 110 98 Presystolic Yes 
10 L. H 44 | Cor pulmonale 105 90 Presystolic Yes 
11 a. G 26 | Hypertensive 115 | 95 Presystolic Yes 
12- E. 0. 41 | Hypertensive (LBBB) 98 85 Presystolic Yes 
i15 [MOT 59 | Hypertensive (RBBB) 110 85 Presystolic Yes 
TABLE n 
s : QRS | Variation in| Heart 
roy Patient | Age Diagnosis oS d Type Interval | Position of | Failure 
2 ae a (sec.) Sound Present 
i A. Bund& Branch Block 
1 E. B. 61 | Lung carcinoma 70 60 RBBB 0.13 No 
2 F. O 41 | Hypertension 98 80 LBBB 0.13 Yes 
3 W. P. 60 | Scleroderma 65 50 LBBB 0.14 Yes 
4 J. P. 38 | Rheumatic fever 87 67 RBBB 0.15 No 
> J. T. 59 | Hypertension 110 - 85 RBBB 0.16 Yes 
6 TE 30 | Idiopathic beg Physiologic 0.08 Yes 
l hypertrophy splitting 
B. Sy-tolic Sounds 
1 J. H. 44 | Pleura carcinoma| 102 70 Click Yes No 
2 H. G. 56 | Psychoneurosis 90 65 Click Yes No 
3 E. B. 58 | Emphysema 100 80 Click Yes No 
4 S5. d. 58 | Cirrhosis 88 60 Apical “gallop” No No 
5 A. S. 65 | Cerebrovascular 65 40 Apical “gallop” No No 
hemorrhage 
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Fic. 3. PhonccardiGérdm foni E. B. reveals a 
presystolic gallop sound in A with an initial heart 
rate of 120. Following right carotid sinus pressure 
in B, these vibrations disappeared from the 
sound tracing. The gallop sound became in- 
audible at a rate of approximately 90. 


Fig. 4. An apex phonocardiogram from F. O. 
reveals a reduplication of the second scund with 
the two components separated by an interval of 
0.05 seconds. The simultaneous electrocardio- 
gram reveals a complete bundle branch block 
(left). A presystolic sound consisting of three 
coarse vibrations follows the peak cf the P wave 
by 0.06 seconds. The initial heart rate, A, is 98. 
Following right carotid sinus pressure, B, the 
ventricular rate has slowed to 84 and the presys- 
tolic gallop sound is neither audible, nor visible 
on the sound tracing. 


the sound record. The extra sound became 
inaudible at a rate of approximately 90. 

One patient (L. M., Table 1) failed to slow his 
ventricular response following bilateral carotid 
sinus pressure; however, his rate slowed quickly 

from 120 to 85 following bilateral eyeball 
` (oculocardiac reflex) pressure. Another patient, 
C. W., responded with only a very slight decrease 
in ventricular response (8 beats per minute). 
His extra sound became inaudible wich a decline 
in rate from 95 to 90. Although inaudible on 
auscultation, a faint presystolic sound was still 
apparent in the sound tracing after this slowing. 
Two patients with coronary heart disease and 
intractable failure demonstrated loud mid- 
diastolic gallop sounds but failed to alter their 
rapid ventricular rates either with bilateral 
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Fic. 5. Phonocardiogram pou J. H. reveals a 
slight systolic murmur and a mid-systolic click (c). 
The ventricular rate in A is 101. Following carotid 
sinus pressure the ventricular rate has slowed to 
90 in B and to 75 in C. It can be observed that 
the click approaches closer to the second sound in 
B and diminishes in intensity in C. 
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Fic. 6. Phonocardiogram recorded from H. G. 
reveals a split first sound. The second component 
of the split first sound is obscured by a moderate 
systolic murmur, which extends into mid-systole 
where a loud systolic click is evident. In A the 
rate is 70 and the click occupies a position in mid- 
systole. In B the rate is 85 and the click has shifted 
toward the first sound blending with the systolic 
murmur. 


carotid sinus pressure or bilateral eyeball 
pressure. 

Two patients with complete bundle branch 
block had, in addition to a presystolic gallop, 
wide splitting of the second heart sound. The 
gallop sound disappeared following carotid 
sinus pressure without apparent change in the 
reduplication of the second sound. Figure 4 is the 
sound tracing from one of these patients, F. O. 
(Tables 1 and m), who represents one of the 
cases already described. The sound tracing re- 
vealed a presystolic gallop sound consisting of 


AMERICAN JOURNAL OF MEDICINE 


Carotid Sinus Pressure in Differentiating Triple Rhythms—Read, Porter 185 


three coarse vibrations, followed by a very 
faint prolonged first sound, and a reduplicated 
second sound. The rate slowed to 80 following 
carotid sinus pressure. The extra sound became 
inaudible with a rate of 84. With slowing, the 
reduplication was more evident with only a very 
slight change in the interval between the split 


sounds. Figures 5 and 6, J. H. and H. G., repre- ° 


sent two examples of the so-called systolic click 
H. G. has in addition a systolic murmur. This 
sound is easily differentiated by its characteristic 
“cheking”? quality and the marked variation in 
the position which it occupies in the cardiac cycle 
with changes in rate, position and respiration. 


COMMENTS 


The use of carotid sinus pressure anc the 
subsequent slowing of ventricular rate has beer. 
effective in rendering the gallop sound inaudible 
in eleven of thirteen patients, or 85 per cent o? 
the cases reported upon. It has also been z 
valuable adjunct in the differential diagnosis 
of other types of triple rhythms. In keeping witk 
the observations of King,???? the authors have 
observed that the phenomenon which bears his 
name, viz., the reduplicated sounds which result 
from asynchronous contraction of the ventricles 
(and therefore asynchronous closure of the 
semilunar valves) in bundle branch block are 
invariably feeble or distant. Exceptions to this 
observation have been demonstrated only in 
young or very thin-chested individuals and in 
those with a gallop sound also present. We have 
further observed that bundle branch block is 
usually associated with a slow ventricular rate. 
Often the asynchronism of the apex thrust 
may be more obvious than the sound. In con- 
trast, the gallop sound is_usually quite loud and 
‘forms a characteristic rhythm or canter in which 
the three sounds are rather evenly separated. 
Like bundle branch block, it has been stated 
that the gallop rhythm is often more apparent on 
palpation than on auscultation. The heart rate 
with the true gallop rhythm is invariably rapid 
and the sound is low pitched and dull compared 
with the sounds produced by reduplication 
which obviously resemble the valvular sounds. 
Systolic sounds may be heard with a slow or 
rapid rate and must therefore be differentiated 
from a diastolic gallop or reduplication. It 3s at 
times difficult to differentiate the so-called 
“systolic gallop” from a short mid-systolic 
murmur. This sound is rarely heard in patients 
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with heart disease, and when the combination 
does occur represents only an incidental finding. 

Althouga the gallop sound was present at 
rates above 100 in all but two patients, C. W. 
and F. O., the “‘critical rate," or rate at which 
the gallop became inaudible by auscultation, 
varied between 85 and 98. The average critical 
rate for the eleven patients who responded to 
carotid sinus pressure was 91. The heart rate in 
the thirteen patients with gallop rhythm varied 
from 95 to 130 with an average rate of 113. It 
was observed that the extra sound vibrations 
were still visible on the phonocardiogram after 
the sound aad become inaudible. In most cases 
the extra sound vibrations did not disappear 
from the phonocardiogram until the ventricular 
rate had slowed approximately 5 to 10 beats 
below the rate where the sound first became 
inaudible. 

Clinical observations pertinent to tbe differ- 
ential diagnosis of triple rhythms are tabulated 
in ‘Table m. It can be seen that the true diastolic 
gallop sounds are invariably associated with a 
rapid ventricular rate and are usually of moder- 
ate intensity as compared to most other accessory 
sounds. The intensity is subject to slight respira- 
tory variation. Although their timing is usually 
obvious on the phonocardiogram, on ausculta- 
tion they appear to be more evenly spaced, cer- 
tainly with respect to other three-sound rhythms. 
The apical impulse is frequently double and the 
rhythm is thus sometimes more apparent to 
palpation. The sounds are of very low frequency 
and usually consist of one to three vibrations, 
rarely as many as seven. 

The opering snap of the mitral valve is usually 
loud and of higher frequency than a true gallop 
although not so high as a click. It is heard 
best in the supramammary area; however, it 1s 
generally audible with equal intensity along the 
left sternal border or over the mitral area, 
more rarely over the pulmonary area. An 
increase in the diastolic interval with slowing 
of the heart rate 1s accompanied by a longer 
interval bezween the beginning of the second 
sound and the opening snap. The snap usually 
follows a split second sound, which sometimes 
makes differentiation difficult. The split second 
sound, however, is invariably loudest over the 
pulmonary area. Inspiration tends to lengthen 


the interval between the split sound whereas 


expiration shortens it. In contrast, the sound of 
the opening snap may vary its intensity with 
respiration but not its timing. A physiologic 
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third heart sound is extremely rare in associa- 
tion with pure mitral stenosis. 

Presystolic and fusion sounds occur in indi- 
viduals with A-V conduction disturbances. 
In the presence of certain arrhythmias the 
presystolic sound may be accompanied by 
variations in the intensity of the normal firs: 
sound. 

The pulmonary early systolic sound is loud, 
high pitched, and often has a sharp, clicking 
quality. It may give the impression of wide 
splitting of the first sound. Expiration ac- 
centuates the pulmonary systolic sound. 

The so-called mid-systolic click has a char- 
acteristic quality and is prone to wande- 
throughout systole and even into early diastole 
with changes in rate, respiration and posture. 

The reduplicated sounds in bundle branch 
block are invariably distant and often morz 
obvious on palpation. In the absence of heart 
failure, the rate is invariably slow. Audible 
splitting of the second sound rather than the 
first is the usual finding on auscultation. 


SUMMARY 


Carotid sinus pressure with consequent slow- 
ing of the heart rate caused the accessory sound 
in gallop rhythm to become first inaudible and 
then to disappear from the sound tracing ia 
85 per cent of thirteen cases reported by the 
authors. The validity of the technic as a method 
of differential diagnosis of triple rhythms hes 
been affirmed through observations on numerous 
patients with various types of triple rhythm, 
eleven of whom are discussed. Whereas the true 
gallop sound invariably became inaudible when 
the ventricular rate slowed below an average 
“critical rate" of 91, other types of extra sounds 
became more obvious because of changes in 
timing, intensity or clarity. A classification of 
three-sound rhythms has been presented with a 
detailed acoustic, physiologic and clinical 
discussion of each. The pertinent clinical 
aspects of the differential diagnosis of trip.e 
rhythm have been summarized in tabular form. 
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atrial septal defect, blood may be shunted 
through the defect in either direction.!~* 
When the existing shunt is large and completely 
or predominantly right to left, the condition clin- 
ically may resemble the tetralogy of Fallot. +47 

It is the purpose of this paper to present 
clinical and hemodynamic data concerning < 
series. of ten patients who had pulmonary 
stenosis and interatria communication. anc 
were moderately or severely cyanotic. In all the 
patients the clinical findings indicated clearly 
the presence of pulmonary stenosis with an 
associated right-to-left shunt. It may not be 
possible to be certain of the location of the right- 
to-left shunt and in several of our patients a 
diagnosis of tetralogy of Fallot was considered 
most likely before cardiac catheterization. 

In this paper the term “‘interatrial com- 
munication"? wil be used to include à true 
defect located in any portion of the atrial sep- 
tum, and also the condition of valve-competent 
patent foramen ovale which occurs in 25 pe- 
cent of normal persons. Under normal dynamic 
conditions the pressure in the left atrium exceeds 
that in the right atrium during a considerable 
portion if not all of the cardiac cycle and this 
difference is considered the basis for the left-to- 
right direction of the interatrial shunt in the 
usual uncomplicated case of atrial septal defect. 
In an individual with a valve-competent patent 
foramen ovale, this normal pressure gradient 
tends to close the potential interatrial com- 
munication and no left-to-right shunt occurs. 
When the pressure in the right atrium exceeds 
that in the left atrium, the shunt in atrial septzl 


I patients who have pulmonary stenosis and 


defect beccmes partially or completely right to 
left. If for any reason the right atrial pressure 
is greater than that in the left atrium in a person 
who has valve-competent patent foramen ovale, 
the pressure gradient will tend to open this 
potential interatrial communication and cause 
a right-to-left shunt. Accurate localization of 
the site of the right-to-left shunt has been 
greatly facilitated by the introduction of indica- 
tor dilutior. technics, It is still, however, difficult 
or impossible to distinguish between valve- 
competent patent foramen ovale and valve- 
incompetent foramen ovale (atrial septal defect) 
by cardiac catheterization in cases in which the 
shunt is completely from right to left. 


CASE REPORTS 


The majority of the patients seen at the Mayo 
Clinic who have tetralogy of Fallot and in whom 
the pulmonary artery shadow is less prominent 
than normal have not been referred for cardiac 
catheterization up to the present time. This 
form of investigation is reserved for those in 
whom the clinical features are unusual or 
suggest another lesion. Some of the cases to be 
described were referred to the clinic with the 
diagnosis of tetralogy of Fallot. 

The major clinical data in the present series 
of ten patients are summarized in Table 1. 
Roentgenograms of Cases 1, m1 and x are re- 
produced :n Figure 1 and electrocardiograms of 
these patients are reproduced in Figure 2. 

CasE I. The patient, aged twenty-one years, 
registered at the Mayo Clinic in February, 1954. 
He complained of severe effort dyspnea and 
fatigue, which had become progressively greater 


* From the Sections of Medicine and Physiology, Mayo Clinic and Mayo Foundation, Rochester, Minn. The Mayo 
Foundation is a part of the Graduate School of the University of Minnesota. 
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since 1952. He had been told by his parents that 
he was cyanotic at birth. His local physician 
referred him to the clinic for evaluation and 
possible cardiac surgery. l 
Case m. The patient, aged nineteen years, 
registered at the clinic in August, 1952. She 


The patient sat down when tired but did not 
squat. 

A chest roentgenogram disclosed slight en- 
largement of the cardiac silhouette and sug- 
gestive evidence of a right aortic arch. This 
was verified by fluoroscopy. 


TABLE I 
CLINICAL DATA IN TEN CASE3 OF PULMONARY STENOSIS AND INTERATRIAL COMMUNICATION 





Case 
1 H hi Iv v vI vu vin IX x 
Age (yr.) 21 19 5 -113 5 22 3 18 23 23 
Grade of 13 1 2 1-2 2-3 3 2 2-3 2-3 1 
cyanosis f 
Cyanosis | Birth 2 wk.; Birth Birth Birth Infancy Infancy Birth Birth? Child- 
first 7 yr. hood? 
noted 
Symptoms |——————-——]|—————|——————I——————————— PB | ee 
Grade of |3 None 2 None 2 3 1 2 2 1-2 
clubbing 
Effort Marked Moderate? | Moderate | Present Marked Mild Marked Severe Marked Moderate 
dyspnea 
and 
fatigue 
Systolic Grade 2, | Grade 3, | Grade 3 |Grade3 | Grade2 | Grade 2, | Grade Grade 3, | Grade 3 | Grade 3, 
murmur | coarse rough coarse 2-3, rough rough 
Auscul- II-UI coarse 
tatory space 
signs ——Ó————dIJÓMÀ——ddM——— ———————— IFRBÁ———————————————H————— FB ————RBÓÁ——Á——— 
Second Not : | Not Single Single Single Not Single Single Not Not 
sound identified | identified identified identified | identified 
Heart R.V.-- Normal Slight Slight R.V.+ Moderate | R.V.+ Normal Slight Slight 
enlarge- 
ment 
Radiologi Pulmo- Visual- Visual- Not Visual- Promi- Not Promi- Promi- Promi- Promi- 
acrologic | nary ized 4- ized 4- visual- ized 4- nent visual- nent nent nent nent 
appear | artery ized 0 ++ ized 0 +++ | ++ +++ | ++4++ 
ance 
shadow 
Vascular | Normal Normal Decreased | Normal Normal Slightly Decreased | Decreased | Normal Normal 
mark decreased 
stated that cyanosis had been noted at two Case 1v. The patient, aged thirteen years, 


weeks of age associated with pneumonia. There 
had been no recurrence of cyanosis until the 
age of seven years. Since that time it had been 
persistent and associated with easy fatigability. 
There had been two recent transient episodes 
of paroxysmal tachycardia. 

Case ni ‘The patient, aged five years, was 
registered at the clinic in February, 1954. The 
main complaints were shortness of breath, 
fatigue and palpitation on mild exertion. A 
cardiac murmur and cyanosis had been noted at 
birth, and cyanosis had been present since 
birth, exaggerated with crying and exertion. 


registered on this admission in August, 1953, 
but had had prior examinations at the clinic 
in 1949 and 1950. A tentative diagnosis of 
pulmonary stenosis with ventricular septal defect 
had been made on the earlier admissions. The 
patient had been cyanotic at birth and had had 
persistent cyanosis since then, especially with 
effort. There were associated fatigability and 
effort dyspnea. 

Case v. The patient, aged five years, was 
registered at the clinic in October, 1952. He 
complained of marked effort dyspnea and 
fatigue. His mother stated that a few days after 
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LC 


birth he had had an episode of unconsciousness 
and cyanosis when crying. During the second 
week of life he had two similar episodes. After 
this there were no further episodes of uncon- 
sciousness but cyanosis on crying and exertion 
was noted. A heart murmur was noted first at 
fifteen months of age by a pediatrician. 

Case vi. The patient, aged twenty-two 
years, registered at the clinic in July, 1952. He 
complained of mild effort fatigue and dyspnea. 
He had been told that cyanosis had been present 
since infancy and that he squatted in childhood 
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4 
Fic. 1A to C. Postero-anterior roentgenograms of chest in Cases 1, 11 and x. The presence of cardiac enlarge- 


ment, the prominence of the pulmonary artery and the appearance of pulmonary vascular markings are given 
in Table r. 


when fatigued. He stated further that in child- 
hood he could walk only twenty yards at one 
time, but that his exercise tolerance had im- 
proved with time and that he was now able to 
go up four flights of stairs without rest. 

On examination the systemic blood pressure 
varied from 150 to 220 mm. of mercury systolic 
and from 115 to 170 diastolic. This was the only 
patient in the present series who had an elevated 
systemic arterial pressure. Urinalysis disclosed a 
specific gravity of 1.010, grade 2 albuminuria, 
grade 2 erythruria and hyaline and granular 


ud 


y 
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Fic. 2. Electrocardiograms for Cases 1, m1 and x. The 
tracing for Case 1 was recorded at half the standard 
voltage. Note the moderate to severe right ventricular 
hypertrophy. 


casts. The blood urea was 36 and 28 mg. per 
100 cc. on two occasions. This patient died 
following operation. Sections of the kidneys 
revealed the presence of chronic glomeru- 
lonephritis with secondary hypertension. The 
improvement in exercise tolerance which the 
patient noted might be related to the develop- 
ment of systemic hypertension but the time of 
onset of the hypertension is not documented. 
There was moderate thoracic scoliosis. 


Case vu. The patient, aged three years, was 
registered at the clinic on this admission in April, 
1952. A heart murmur had been noted at birth, 
and cyanosis on crying had been present in 
infancy. There had been progressive effort 
fatigue and dyspnea in the six months before the 
present examination. Squatting with fatigue was 
also present. 


Case vii. ‘The patient, aged eighteen years, 
registered at the clinic in November, 1950. She 
complained of effort dyspnea, fatigue and palpi- 
tation, which had been particularly severe 


since 1945. Cyanosis had been present at birth 
and clubbing had been noted in infancy. 


Case 1x. The patient, a twenty-three year 
old man, registered at the clinic in April, 1953, 
desiring evaluation of his cardiac status. He 
was unable to obtain employment as a television 
repair man because of his cyanotic appearance 
and effort dyspnea. He had probably been 
cyanotic at or soon after birth but had not been 
significantly disabled until the age of seventeen 
years. 

Case x. The patient, aged twenty-three 
years, registered at the clinic in April, 1953. He 
planned on marriage in the near future and 
wished evaluation of his cardiac status. He was 
particularly interested in the possibility of 
cardiac surgery. He had noted easy fatigue, 
decreased exercise tolerance and cyanosis with 
moderate to severe exertion for as long as he 
could remember. 


METHODS 


The patients were studied by the cardiac 
catheterization technic, employing the method 
of Cournand and Ranges? as modified in ap- 
paratus and technic by Wood and associates. ! ^^? 
Intracardiac and systemic arterial pressures 
were recorded using strain-gauge manometers. '* 
The oxygen content of systemic arterial blood 
was determined by the method of Van Slyke and 
Neill,^ and oxygen capacity was obtained 
manometrically after equilibration by the 
method of Sendroy!? as modified by Roughton 
and associates.!® For the recognition and locali- 
zation of left-to-right intracardiac shunts, if 
present, multiple small samples of blood were 
obtained in the various chambers of the heart in 
rapid succession and the saturation of such 
samples was determined as they were drawn 
through a cuvette oximeter!” attached via a 
three-way stopcock to the distal end of the 
cardiac catheter. Use of this instrument greatly 
facilitated the establishment of a certain 
diagnosis in many instances. 

For the calculation of pulmonary and systemic 
blood flow Fick's principle!? was used: 


| Ve n Vu 

i uc eu PL cda) 
Where Qj — pulmonary flow, Q; = systemic 
flow, Vo, = oxygen uptake (L./min.), Cpvo, = 
oxygen content (cc./L.) of pulmonary vein 
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blood,* Cpa = oxygen content (cc./L.) of 
pulmonary artery blood, Csa, = oxygen con- 


tent (cc./L.) of systemic (radial) artery blood. 
The right-to-left shunt (assuming no left-to- 
right shunt) was calculated from the relationship 


IUE shunt per cents Pe qn 


s 


expressed as a percentage of systemic flow. 

In two patients satisfactory values for oxygen 
consumption were not obtained; in these the pro- 
portion of shunt was calculated on the basis of 
the oxygen saturation values according to the 
method of Burchell and Wood.!? 

Indicator dilution curves were recorded 
photographically, usually while the patient 
breathed 100 per cent oxygen, but at times while 
he breathed air, using cuvette and earpiece 
oximeters. Injections of T-1824 in doses ap- 
propriate to the size of the patient were made 
into the chambers of the heart and great 
vessels at different times during the catheteriza- 
tion procedure.?? 


HEMODYNAMIC FINDINGS 


All of the patients (Table 11) were found to 
have elevated right ventricular pressures. In 
six patients the right ventricular systolic pressure 
was greater than the radial artery pressure. In 
two patients these pressures were equal. In one 
patient the radial artery systolic pressure was 
greater than the right ventricular systolic pres- 
sure and in one patient, a child, systemic 
arterial pressure was not recorded. 

The blood oxygen capacity was elevated in 
each patient. In four patients the values ob- 
tained were 30 volumes per 100 cc. or slightly 
higher. 

Blood flow, expressed in liters per minute, was 
calculated in the pulmonary and systemic cir- 
culation in six patients. The pulmonary flow in 
each case was found to be less than the systemic 
flow. The right-to-left shunt was large in each 
patent. In five patients it was 50 per cent or 
more of systemic flow. 

The diagnosis of pulmonary stenosis was made 
by withdrawing the catheter slowly from the 


* In this laboratory the oxygen content of pulmonary 
vein blood (cc./L.) for a patient breathing room air is 
taken to be: Cpvo, = (98 per cent of oxygen capacity 
-+ 0.3) X 10. 
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pulmonary trunk to the right ventricle. (Fig. 3.) 
In two patients it was not possible to pass the 
catheter into the pulmonary trunk at the initial 
catheterization. In these patients, clearness of the 
lung fields in roentgenograms and the character 
of the auscultatory sounds in the pulmonary 
valve area militated against the diagnosis of 
pulmonary hypertension. Pulmonary trunk 
pressures subsequently obtained at operation 
confirmed that the diagnosis of pulmonary ste- 
nosis was correct. 

No significant difference in the saturation of 
blood samples drawn from various positions on 
the right side of the heart through the cuvette 
oximeter was noted in any patient. This finding 
rendered the possibility of a left-to-right shunt 
unlikely. 

Dye-dilution curves were recorded following 
injection of Evans blue dye (T-1824) at various 
sites in the heart and great vessels. In these 
patients the most significant dye-dilution curves 
were recorded following injection of dye into the 
right ventricle and at a site proximal to the 
right ventricle, either the right atrium or the 
venae cavae. In cyanotic patients, and especially 
when there is a right-to-left shunt at the atrial 
level, a variation in the oxygen saturation of 
systemic arterial blood frequently occurs. (Figs. 
3 and 4.) This is usually related to the respira- 
tory cycle and is probably due to a differing 
relative magnitude of shunt across the defect 
associated with changes in the intrathoracic 
pressure. It is of some practical importance that 
this variation in oxygen saturation may severely 
distort the dye-dilution curve recorded oximetri- 
cally. However, it is almost always possible to 
recognize the first appearance of dye with 
considerable accuracy. (Table mr.) The dye- 
dilution curves recorded following injection into 
the right ventricle had normal or prolonged 
appearance time (Table m), indicating that the 
blood followed a pathway through the lungs 
and that no right-to-left shunt existed at ventric- 
ular level. The dye-dilution curves recorded 
following injection of dye proximal to the right 
ventricle had abnormally short appearance 
times and abnormal initial deflections, indicat- 
ing that blood shunted from right to left 


through an interatrial communication. (See 
Figure 4.) 


In Case rx, studied early in this series, the dilu- 
tion curves were interpreted incorrectly. This 
patient was referred for cardiac catheterization 
with a diagnosis of pulmonary stenosis and atrial 
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septal defect. When dye was injected into the 
right ventricle, a right-to-left shunt of 18 per 
cent was demonstrated but a larger right-to-left 
shunt (48 per cent) was found when dye was 
injected into the superior vena cava. These 
curves were taken to indicate the presence of 


evidence of tricuspid insufficiency was demon- 
strated in addition to an atrial septal defect. 
It was considered after these findings that the 
appearance of shunted blood following injection 
into the right ventricle was due to regurgitation 
of blood through the tricuspid orifice. In retro- 


TABLE II 
INTRACARDIAC PRESSURES, ARTERIAL OXYGEN SATURATION DATA, BLOOD FLOW AND SHUNT VALUES 
IN 10 CASES OF PULMONARY STENOSIS AND INTERATRIAL COMMUNICATION 
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Arterial | 
Oxygen | 
Ss oe Blood Flow 
Pressures (mm. Hg) aoe L. /minute 
| | (Van Slyke) idw R-L 
| Blood J- (air) Shunt t 
Case | Age Sex | O» Patient Per cent 
No. | (yr.) Capac- Breathing of 
| = ity Systemic 
Flow 
Fight | hend Right | Radial | 100 Per | Pulmo- Sys- 
| Atrium oit Ventricle | Artery | cent Oz | nary temic 
t | 21 M. 15/8 6/4 200/17 to | 118/78 30 66 | 74 1.6 4.2 621 
240/15 | 
II 19 | F | 13/2 22/6 157/10 109/68 22 86 93 4.6 8.2 44 
MIŞ 5 | M 8/6 13/7 105/4 105/58 | 22 80 1.4 3.3 57 
: nM RE zu M RR DER a ARCA 
IV 13. | T 7/2 12/8 | 129/11 128/70 | 22 90 99 3.3 4.5 25 
V 5 eM | XS. D ass 205/10. |... 32 63|||  76]|| Large f 
EMG Sie Etta ee Manatees Los | 
VI 22 | M 13/8. | seisi 197/14 156/113 31 70 79 57" 
vui$| 3 |F | 12/9 | 17/15 | 129/12 80/50 | 22 |57| 7 62** 
vm |18 |F | 9/4 | 11/8. |196/9 121/87 | 23 |79 44** 
ae Se — DM, NNUS. ELSE 
IX | 23 | M 7/4 8/3 109/71 34 79 88 L.B 4.0 55 
x 23 | M | 10/4 10/3 124/64 23 86 98 3.8 5.8 25 
| | 











* Volumes Oz per 100 cc. blood. 
t Shunt at atrial level. 


t Flow, shunt and saturation values obtained while the catheter tip lay in the pulmonary artery (see legend to 


Figure 3). 
$ Studied under anesthesia. 
| Saturations by earpiece oximeter. 
{| From inspection of dye-dilution curves. 


** Shunts calculated on the basis of oxygen-saturation data. 


ventricular septal defect in spite of a considerable 
difference between the pressure in the right 
ventricle and the systemic arterial system. A 
pulmonary valvotomy was carried out but 
the patient subsequently died. At necropsy the 
ventricular septum was found to be intact but 


spect, more attention should have been paid to 
the greater magnitude of the shunt from the 
superior vena cava than from the right ventricle. 

Pulmonary valvotomy was carried out by 
Dr. J. W. Kirklin in all except one of the pa- 
tients. Case x was advised to undergo operation 
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INCREASE IN ARTERIAL OXYGEN SATURATION AFTER WITHDRAWAL OF 
CATHETER THROUGH STENOTIC PULMONARY VALVE 


(d 22 YEARS, PULMONARY STENOSIS, ATRIAL SEPTAL DEFECT) 
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Fic. 5. Case r. Section of photographic record demonstrating the presence of pul- 
monary stenosis and the increase in oxygen saturation of systemic arterial blood 
consequent on the movement of a No. 6 catheter from the pulmonary trunk to the 
right ventricle while the patient was breathing room air. From above downward the 
record shows the right radial artery pressure, systemic arterial oxygen saturation as 
recorded by oximeters on right and left ears, the respiration, the pressure in the pul- 
monary trunk and in the outflow portion of the right ventricle, and the electrocardio- 
gram. At the first break on the signal line the catheter was withdrawn slowly from the 
right pulmonary artery, and at the second signal it lay just above the pulmonary valve. 
Without further manipulation the catheter tip passed over a distance of less than 
| cm. into a zone of high pressure. Note the abrupt change in pressure, which indicates 
the presence of a valvular type of stenosis. The systemic arterial oxygen saturation as 
recorded by earpiece oximeters shows rhythmic fluctuations of the same frequency as 
respiration. When the catheter lay in the pulmonary artery, the arterial saturation 
ranged between 50 and 55 per cent. About six seconds after the catheter passed into 
the right ventricle the arterial oxygen saturation rose rapidly to approximately 70 per 
cent and the respirations slowed and became irregular. The systemic shunt and pul- 
monary flow values and the magnitude of the right-to-left shunt, all calculated while 
the patient breathed 100 per cent oxygen, were 1.8 L. per minute, 4.2 L. per minute 
and 57 per cent, respectively, wher the catheter lay in the pulmonary trunk; and 2.4. 
L. per minute, 4.0 L. per minute and 46 per cent, respectively, when the catheter lay 
in the right ventricle. In this case and also in Case vit the size of the catheter (diam- 
eter 1.9 mm.) must have reduced the orifice of the pulmonary valve materially and 
increased the magnitude of the right-to-left shunt. In Case 1, when breathing 100 per 
cent oxygen, the arterial saturations were 76 per cent, and 87 per cent by Van Slyke 
analysis when the catheter (diameter 1.9 mm.) lay in the pulmonary trunk and in the 
right ventricle. 
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DEMONSTRATION BY DYE DILUTION CURVES OF R>L SHUNT 
THROUGH INTERATRIAL COMMUNICATION 
2 PATIENTS WITH PULMONARY STENOSIS AND ATRIAL SEPTAL DEFECT 


Before Pulmonary Valvotomy After Pulmonary Valvotomy 


(CASE |, o 2! YEARS) 











O2 Sot. % Peak Conc. Oe Sat. % Peak Conc. 
INJECTION INTO: , ioo 
0 
F 6.4 mg./L. SUPERIOR 
70 VENA CAVA 
RT. VENTRICLE T" 
85 
80 
100 
70 INFERIOR 
+ — 
s VENA CAVA A 
50 —13.6 mg./L. 
40 36 -178 mg./L. 
85 T 
Q34 mg./Kg Q3 mg/Kg 
100 (CASE 2, 9 19 YEARS) 
100 
90 RT VENTRICLE 
80 
100 95 —12 2 mg/L 
90 SUPERIOR 
VENA CAVA ` 
80 
-1824 





Fic. 4. Dilution curves recorded by earpiece oximeter following injection of T-1824 
at the sites indicated in the center of the figure, before and after pulmonary 
valvotomy in Cases 1 and 11. The oxygen saturation scales to the left of each curve 
are a relative index of the sensitivity of the oximeter used on the different occasions. 
'The values for peak concentration of dye (to the right of each curve) were obtained 
from a dilution curve for radial artery blood which was recorded simultaneously 
by means of a cuvette oximeter. This instrument, but not at present the earpiece, 
can be calibrated in absolute values of dye concentration. The instant of injection 
and the amount of dye injected are indicated by the vertical arrow for each curve. 
The preoperative curves (to the left of the figure) show spontaneous fluctuations in 
oxygen saturation of considerable magnitude due to variations in the volume of the 
right-to-left shunt, which interfere with an accurate interpretation of the curves. 
Note, however, that in both patients the instant of first appearance of the dye is 
much earlier when dye is injected into the inferior or superior vena cava than 
when the injection is made into the right ventricle, this fact localizing the site of 
the right-to-left shunt to the atrial level. In both patients the curves are indicative 
of right-to-left shunts of large magnitudes. In the right panel are curves recorded 
following pulmonary valvotomy. Note the absence of spontaneous fluctuations in 
oxygen saturation, but in both patients an initial break still remains on the build-up 
portion of the dilution curve, indicating the presence of a small right-to-left shunt. 
Note also in Case 1 that the magnitude of shunt from the inferior vena cava exceeds 
that from the superior vena cava, a phenomenon frequently seen in cases with 
right-to-left shunt through an interatrial communication. 


but he deferred treatment and died suddenly 
about one month after returning home. Cases vt, 
vir and 1x died shortly after operation.?? (Fig. 5.) 
Studies were carried out during the operation in 
all except one of the patients who underwent 
operation. These studies (Table rv) show a fall in 
right ventricular pressure following valvotomy. 


The findings in this series agree with those of 
Soulié and his associates?* in that normal pres- 
sures are not usually obtained. As noted by 
Kirklin and associates? the results of these 
operative studies are not strictly comparable 
with the results of postoperative cardiac catheter- 
ization. The immediate postvalvotomy right 
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Fic. 5. The hypertrophied right ventricle and outflow tract of the hearts in Case vi (right) and Case vn (left). In 


Case vir a satisfactory pulmonary valvotomy had been accomplished but the patient succumbed to a respiratory 
infection (Case vı of Kirklin and associates?*). This patient had a true atrial septal defect —valve-incompetent 
foramen ovale—but no left-to-right interatrial shunt was demonstrated at cardiac catheterization. Note in Case vi 
the unrelieved infundibular stenosis which was considered to be responsible for the patient's death. This patient 
had a valve-competent patent foramen ovale and no left-to-right shunt was possible. In this type of case indicator 
dilution curves allow a precise diagnosis to be made at cardiac catheterization. 


ventricular pressures in Cases 11 and v are much 
greater than the pressures obtained at post- 
operative cardiac catheterization five months 
and one and one-half years later. In the four 


TABLE m 
TIME COMPONENTS AND MAGNITUDE OF R-L SHUNT CALCU- 
LATED FROM DYE-DILUTION CURVES AND DEGREE OF 
SPONTANEOUS FLUCTUATION IN OXYGEN SATURATION IN 
TEN PATIENTS WITH PULMONARY STENOSIS AND 
INTERATRIAL COMMUNICATION 
(RECORDED BY EARPIECE OXIMETER) 





Proximal Site 


Right Ventricle 








Case Per cent 
à Spontaneous 
No. | Fluctuation* | AT | PCT | RE | AT | rcr | RE 
(sec.) | (sec.) Shunt (sec.) | (sec.) Shunt 
(% (% 
I 8.7 23.0 | 32.5 | None 6.9 | 35 71 
Hn 12.3 9.6 | 16.4 | None 6.9 19.4 44 
IH 4.5 4.1 9.2 | None 3.0 10.3 51 
IV 7.0 7.3 | 14.7 | None 5:5 17.0 20 
V 4.6 15.2 | 23.0 | None 5.9 | 30.5 49 
VI 3.5 ku» B orga 5.0 122,9 58 
VII 1.3 10.2 | 15.8 | None i.d 16.4 55 
VIII 4.0 e arc 8.5 14.2 62 
IX 5.5 8.2 | 28.0 18t 6.0 | 32.0 48 
x 7.4 10.9 | 18.4 | None 6.7 | 20.8 41 





* Spontaneous fluctuation in oxygen saturation associated with the 
respiratory cycle; difference between the maximal and minima! values 
for oxygen saturation per cent obtained from a representative portion of 
record. 

Time components:?! 

AT = Appearance time. 

PCT = Peak concentration time, 

Per cent R-L shunt = R-L shunt calculated as per cent of systemic 
flow.?? 

T See text for comment. 
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patients who underwent postoperative cardiac 
catheterization, reductions in right ventricular 
pressures of somewhat greater than 50 per cent 
were obtained. In one of the two patients studied 
postoperatively by earpiece oximetry, only 
arterial oxygen saturation was found to be 
increased. In Case iv the postoperative oximetry 
study did not show improvement in arterial 
oxygen saturation. However, she and the other 
patients who survived the operation noted 
marked subjective improvement. 


COMMENT 


Patients who have pulmonary stenosis and 
interatrial communication and who are cyanotic 
may resemble patients with tetralogy of Fallot 
in their clinical manifestations. Selzer and his 
group! and Johnson and Johnson?? stated that 
pulmonary stenosis with interatrial communica- 
tion is fairly common as a cause of cyanotic 
congenital heart disease, probably next in 
importance and frequency to tetralogy of Fallot 
among cases of cyanotic congenital heart disease 
with polycythemia and clubbing. In this labora- 
tory fifty-one patients who had pulmonary 
stenosis and intracardiac shunt were studied by 
cardiac catheterization between 1947 and 
March, 1954. Seventeen (33 per cent) of 
these had interatrial communications and intact 
ventricular septa, of whom ten had arterial 
desaturation at rest. During this period a 
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number of patients with cyanotic congenital 
heart disease have undergone operation without 
prior cardiac catheterization, the diagnosis hav- 
ing been established on clinical grounds alone. 
The entire group of patients with pulmonary 
stenosis and interatrial communication includes 


apart from patients with tetralogy of Fallot, 
although this opinion is not in agreement with 
that of Engle and Taussig.?* McGregor and his 
group* and Joly and his group? have discussed 
the comparative findings in these two malforma- 
tions. Breathlessness, weakness, cyanosis, Cya- 


TABLE IV 
INTRACARDIAC PRESSURES RECORDED AT THE TIME OF OPERATION BEFORE AND AFTER PULMONARY 
VALVOTOMY AND ARTERIAL OXYGEN SATURATIONS OBTAINED THREE WEEKS TO EIGHT MONTHS AFTER 
OPERATION 
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Studies during Pulmonary Valvotomy 
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Case (mm. Hg) Per cent des 
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P | | Study of Sys- 
tion | | ; 
100 temic 
Pulmo- | Right | Right | Pulmo- | Right | Right Right | Right R P Flow 
: oom er 
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Trunk | tricle | Artery | Trunk | tricle | Artery tricle | Artery | — Os 
I 3/8/54 m (60/17 |43/38* | 13/9 102/8 |131/105|3/25/54 |119/17| 111/63 | 90 99.5 201 
n 18/18/52 | 14/8 |125/5 1100/70 | 13/8 |110/5 |85/65 41/12/53 [57/15 | 110/71 | 92 99 141 
ui |2/12/54 | 35/20 |1120/20/110/68 | 45/38 169/35 |119/75 12/20/541|]......| ...... | 87 97 "M 
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NN. nd. coo all ctrtene eii: EET EEEE TS E VEETEE E EET EIEE RE a] v3 9 | 
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* During valvotomy patient had severe hypotensive reaction. 


T Per cent shunt estimated from dye-dilution curves. 
tł Earpiece oximetry studies only. 

§ Died following operation. 

| Patient not studied during valvotomy. 


* Patient deferred operation, died one month after study. 
(Note: Cases 1, 11, vir, viri, IX and x had valvular pulmonary stenosis only; Case iv had infundibular stenosis only; 


and Cases 11, v and vi had combined valvular and infundibular stenosis.) 


those with pure left-to-right shunt, who resemble 
patients with uncomplicated atrial septal defect 
clinically; those with a balanced shunt, who 
resemble patients with isolated pulmonary 
stenosis; and those with pure or predominant 
right-to-left shunt, who resemble patients with 
tetralogy of Fallot clinically. Some of the dis- 
crepant reports in medical literature might be 
related to this variation in clinical appearance 
which can be found in patients with the same 
anatomic abnormalities. 

There now appear to be relatively few char- 
acteristics which set these patients clinically 


notic attacks, squatting and polycythemia were 
found in both conditions. Selzer and associates! 
indicated that pulmonary stenosis with patent 
foramen ovale occupied an intermediate place 
between the tetralogv of Fallot, the most cya- 
notic lesion, and the Eisenmenger complex, the 
least cyanotic of the three. They and McGregor 
doubted, however, whether the degree or time 
of onset of cyanosis was of any differential value 
in the individual case. 

Our findings would be in general accord with 
the foregoing opinion and also with McGregor's 
statement that information about the age of 
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onset of symptoms may not be reliable. This is 
most likely to be true in adults, who may have 
only vague ideas about the exact time of onset 
of their symptoms and may have no information 
regarding possible cyanotic attacks before the 
onset of persistent cyanosis. In the present 
group of ten patients cyanosis was stated to have 
been present at birth or in infancy in eight. In 
one patent it probably began in infancy. In 
one patient persistent cyanosis developed at 
seven years but there was a history of transient 
cyanotic episodes in infancy. 

The location and intensity of the murmur in 
these ten patients did not seem to be of value in 
differentiating them from patients with tetralogy 
of Fallot. The second sound in the pulmonary 
area was absent in five of these patients and 
single in the remaining five. 

Roentgenographic evidence of reduced blood 
flow to the lungs is common to both conditions. 
Concavity in the region of the pulmonary 
artery segment is more characteristic of tetralogy 
of Fallot. In a series of twenty-five cases of 
tetralogy of Fallot confirmed at necropsy, how- 
ever, Brinton and Campbell?! found that a small 
heart with concavity in the area of the pulmo- 
nary artery segment had been noted in roent- 
genograms in only a few cases. They found some 
prominence in the area of the pulmonary artery 
segment in at least one patient, and considerable 
variation in heart size throughout the group. 
Normal chest x-rays have been noted in both 
conditions. We consider the roentgenographic 
findings of great importance in the clinical dif- 
ferentiation of these two groups of patients, 
despite the occasional case with tetralogy of 
Fallot with a prominent pulmonary artery and 
the infrequent case of pulmonary stenosis with 
interatrial communication in which the pul- 
monary artery is not well visualized. It is 
apparent from the pulmonary artery silhoue:tes 
in this group of patients (Fig. 1) that there may 
be considerable variation but the pulmonary 
artery was visualized in the routine postero- 
anterior chest roentgenogram in all but Cases m1 
and vi. 

The nature of the pulmonary stenosis, as 
determined at cardiac catheterization, is of 
interest in relation to the radiologic appearance 
of the pulmonary artery (Fig. 1) in our cases. In 
four of the five patients (Cases vir to x) in whom 
the pulmonary artery shadow appeared promi- 
nent, there was pure valvular stenosis. In the 
fifth patient (Case v) an associated short 
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infundibular zone of stenosis could not be 
excluded. In three patients (Cases 1, 11, 1v) the 
pulmonary artery shadow was visualized but 
was not prominent. One of these had valvular 
stenosis (Case 1) but, in spite of the lack of 
prominence of the pulmonary artery shadow on 
the preoperative roentgenogram, definite post- 
stenotic dilatation of the pulmonary artery was 
noted at operation. Of the remaining two pa- 
tients in this group an infundibular stenosis was 
thought to be present in Case rv and a com- 
bined valvular and infundibular stenosis in 
Case 1. In two patients the pulmonary artery 
shadow was not visualized. In Case mr the 
stenosis was valvular in type and in Case vi was 
combined infundibular and valvular. Case rm: 
had a right-sided aortic arch and in Case vı 
there was pronounced dorsal scoliosis. Either 
of these conditions might make visualization of 
the pulmonary artery shadow difficult. 

Anomalies of the subclavian vessels and the 
right-sided aortic arches are seen frequently in 
cases of tetralogy of Fallot. Brinton and Camp- 
bell?’ found a right-sided aortic arch present 
in approximately one-quarter of their series of 
cases. Gordon and his group?? pointed out that 
the presence of a right-sided aortic arch strongly 
suggests overriding of the aorta but noted that 
this anomaly had never been reported in a case 
with pulmonary stenosis, atrial septal defect and 
intact ventricular septum. McGregor and 
associates! state that Mannheimer?’ mentioned 
such a case but that no details were available. 

In one of the cases in the present series (Case 
ur) a right-sided aortic arch was found by x-ray. 
After catheterization it was not possible to 
exclude the presence of a ventricular septal 
defect in this patient, although there was no 
evidence of a shunt at the ventricular level. 
Indeed, the absence of a significant difference 
between right ventricular and systemic arterial 
pressure was consistent with an interventricular 
communication. (Table m.) At the time of 
operation, however, the right ventricular pres- 
sure exceeded the systemic pressure before 
valvotomy and fell considerably after valvotomy, 
while the systemic pressure actually increased. 
(Table tv.) These hemodynamic findings indi- 
cate that the ventricular septum was intact. 

The electrocardiogram in cases of tetralogy of 
Fallot almost invariably discloses some right 
ventricular hypertrophy but not the extreme 
degree of right ventricular hypertrophy that has 
been reported in some cases of pulmonary 
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stenosis and interatrial communication with 
intact ventricular septum.”’ This feature may be 
of definite differential value, since an electro- 
cardiogram showing evidence of very marked 
right ventricular hypertrophy would suggest a 
right ventricular pressure higher than systemic 
pressure, and hence would favor the inference of 
an intact ventricular septum. The eiectrocardio- 
grams in all cases disclosed evidence of marked 
right ventricular hypertrophy. There were no 
instances of incomplete or complete right 
bundle-branch block. 

Joly and his group? stated that the pulmonary 
stenosis found in association with an intact 
ventricular septum is characteristically valvular. 
In the cases in the present series, three were 
found to have infundibular or combined valvular 
and infundibular stenosis. Figure 5 (right) is a 
photograph of the heart from Case vr taken at 
necropsy showing combined valvular and 
infundibular stenosis. Figure 5 (left) is a photo- 
graph of the heart from Case vri, a case with 
purely valvular stenosis. Other pictures of these 
hearts have been published previously bv 
Kirklin and associates. ?? 

Use of currently available cardiac catheteriza- 
tion technics makes it possible to arrive at a 
correct diagnosis in patients with pulmonary 
stenosis. and right-to-left shunt through an 
interatrial communication. The presence of 
pulmonary stenosis can be demonstrated when 
the catheter is passed through the pulmonary 
valve.?* If the withdrawal of the catheter from 
the pulmonary artery through the pulmonary 
valve to the right ventricle is well controlled, it is 
frequently possible to identify a zone of inter- 
mediate pressure which indicates the presence of 
an infundibular stenosis. If no intermediate zone 
is found on slow and careful withdrawal, the 
stenosis is likely to be valvular but combined 
infundibular and valvular stenosis may be 
present in such instances. 

The localization of intracardiac defects at 
cardiac catheterization depends either on the 
demonstration of arterialization in a cardiac 
chamber or on the successful manipulation of 
the catheter through the defect. When a pure 
right-to-left shunt exists, the site of the defect can 
be determined with certainty only if the catheter 
passes through it. Even then it is nct possible to 
be certain that this defect is the site of the right- 
to-left shunt. In a case of combined atrial and 
ventricular septal defect with pulmonary stenosis 
and cyanosis studied recently in this laboratory, 


a left-to-right shunt was found at the ventricular 
level, while a right-to-left shunt at the atrial 
level was demonstrated by the dye-dilution 
method. ?? 

The recent application of the technic of 
selective injections of T-1824 into the chambers 
of the heart and great vessels has been of great 
value in the solution of this problem.???! Even 
small right-to-left atrial shunts in the presence of 
large left-to-right shunts have been recognized 
and quantitated by this method.?? In seven of the 
ten patients in this series (Table mri) selective 
dve injections indicated the site of the right-to- 
left shunt. In a number of these cases a certain 
diagnosis would not otherwise have been made. 

The hemodynamic mechanisms responsible 
for the direction of interatrial shunts in the 
presence of pulmonary valve stenosis have not 
been completely elucidated. The size and nature 
of an interatrial communication may influence 
the direction of a shunt across it. Of more 
immediate importance, reversal of the usual 
interatrial pressure gradient has been demon- 
strated by Brecher and Opdyke?’ to be associated 
with right-to-left shunting of right atrial blood. 
The question remaining unanswered is the 
cause of this reversal of the interatrial pressure 
gradient. The patients included in the present 
stady showed no evidence of cardiac failure, and 
records of the right atrial pressure did not 
indicate the presence of tricuspid insufficiency. 
The magnitude of the right ventricular pressure 
did not correlate with the magnitude of the 
shunt. 

In patients who have pulmonary stenosis and 
interatrial communication the cardiac malfor- 
mations are, at the present time, potentially 
curable. The pulmonary stenosis, if it is not a 
long infundibular tract, can be corrected. The 
atrial communication can be closed. Because 
such corrective surgery is available, many 
authorities have urged that these patients be 
treated by pulmonary valvotomy and not by a 
shunt operation. G@tzsche*? mentioned four pa- 
tients with pulmonary stenosis and interatrial 
communication who were treated by shunt 
operations. In one of these patients congestive 
failure developed two years postoperatively. 
This patient was subsequently greatly improved 
by pulmonary valvotomy. 

Brock and Campbell? mentioned three 
similar patients, children with pulmonary 
stenosis and intact ventricular septum who 
had undergone a shunt operation and who were 
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in a state of cardiac decompensation when 
Brock carried out pulmonary valvotomy. One 
patient died after operation but the remaining 
two subsequently underwent surgical repair of 
the artificial shunt and were markedly improved. 
All of the nine patients reported in this series 
who were treated surgically underwent pul- 
monary valvotomy. Two of these patients died 
in the postoperative period (Cases vi and ix, 
Kirklin and associates??). A further patient 
(Case 1x of this series) died of intractable bleed- 
ing forty-eight hours after operation. The 
remaining six patients showed differing grades 
of improvement, but a residual right-to-left 
shunt was probably present in all cases. Certain 
individuals might be benefited if the interatrial 
communication were to be closed. 


SUMMARY 


1. Clinical and hemodynamic data have been 
presented in ten cases of pulmonary stenosis 
and interatrial communication with cvanosis. 
The clinical similarity between these patients 
and those with tetralogy of Fallot was noted. 

2. Of the ten patients, cyanosis was stated to 
have been present in eight at birth or in infancy 
and it probably began in infancy in one other. 
In the remaining patient transient cyanotic 
episodes were noted in infancy and persistent 
cyanosis started at seven years of age. 

3. Considerable variation was noted in the 
cardiac shadow on x-ray examination. The 
pulmonary artery shadow was visualized in eight 
of the ten patients on the routine anteroposterior 
roentgenogram of the chest. It was prominent in 
five patients. 

4. Three of the patients had combined vaivu- 
lar and infundibular stenosis. Six had valvular 
stenosis only, and one had infundibular stenosis 
only. 

5. One patient had a right-sided aortic arch. 
To our knowledge this is a very rare finding in a 
patient with pulmonary stenosis, interatrial 
communication and intact ventricular septum. 

6. Systemic blood flow was greater than 
pulmonary flow in each case. In five patients 
the right-to-left shunt was 50 per cent or more of 
systemic flow. 

7. The technic of selective injections of 1-1824 
was of great value in demonstrating the exist- 
ence and localizing the site of the right-to-left 
shunts in the absence of any shunt from left to 
right. 
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Conjunctival Capillary Bed of Subjects with 


Hypertension Associated with “‘Cushing’s 


Syndrome" OT Pheochromocytoma* 
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T has been established that individuals with 
hypertensive vascular disease display cer- 
tain functional and morphologic changes in 

the capillary bed of the bulbar conjunctiva.'’ 
These are (1) vasoconstriction of the minute 
terminal arterioles and metarterioles; (2) in- 
creased reactivity of these vessels and the pre- 
capillary sphincters to topically applied epineph- 
rine; (3) reduction in the velocity of peripheral 
blood flow and (4) a prominent change in 
vascular topography, namely, elongation, coil- 
ing and tortuosity of the true capillaries, 
particularly of their distal and venular portions, 
including the smaller collecting venules. These 
abnormalities do not all occur together in nor- 
mal individuals and in patients with various 
normotensive diseases, but certain ofthe phenom- 
ena mentioned may be observed in a variety of 
conditions. For example, vasoconstriction was 
noted in subjects with rheumatoid arthritis and 
in cases of hyperglobulinemia, in these instances 
associated with increased metarteriolar reactiv- 
ity to epinephrine. Approximately 8 per cent of 
normal individuals show minimal (Grade 1 to 
Grade m) elongation and coiling of the true 
capillaries. Thus no single observed peripheral 
vascular phenomenon can be described as 
"characteristic" of hypertensive vascular dis- 
ease. It is only when all features observed in the 
hypertensive capillary bed were considered 
together that their unique association in this 
condition becomes apparent. 

Within the past two-year period we have 
examined the conjunctival capillary bed in five 
cases of hypertension associated with Cushing’s 
disease, three resulting from unilateral adrenal 


cortical adenomas and two from bilateral 
adrenal cortical hyperplasia. In addition, ob- 
servations have been made in three hypertensive 
individuals proved by operation to have large 
functional pheochromocytomas. It is the pur- 
pose of this report to describe and compare the 
peripheral vascular changes of each entity; and 
to compare the findings with those previously 
noted in subjects with *essential' hypertensive 
vascular disease. 


METHODS 


As in previous reports, the bulbar conjunctiva 
of the individuals was examined with the stand- 
ard type of slit-lamp microscope and slit-lamp 
illumination.’ Subjects were seated before the 
instrument, and the head held relatively firmly 
in a combination chin-rest and forehead support, 
with gaze directed at a point light source 
flashing intermittently to facilitate fixation of the 
eye. After examining both the temporal and 
medial conjunctivas at magnifications of 47 X 
and 60 X in order to rule out conjunctival 
disease, the general anatomy and topography 
of the peripheral circulatory system was 
scrutinized. In most instances, photomicro- 
graphs were taken at 47 X with 35 mm. film. 
The over-all velocity of blood flow in the periph- 
eral vessels was estimated in comparison with 
that observed in normotensive subjects without 
disease. The occurrence and degree of spon- 
taneous vasomotor activity, as evidenced by 
speeding up and slowing of the blood column 
in the true capillaries, with narrowing and 
widening of the blood column at the precapil- 
lary region, was recorded in each individual. 


* From the Department of Medicine, Cornell University-New York Hospital Medical Center, New York, N. Y. 
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Because of the irregular changes in duration of 
the open and closed phases within capillary 
vessels, a subjective impression was obtained 
concerning the degree of vasomotor activity 
without attempting precise timing of the dura- 
tion and frequency of the various phases in 
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with those in normotensive subjects without 
disease and in normotensive subjects with various 
diseases. It is apparent that vasoconstriction 
with augmented spontaneous vasomotor activ- 
ity, reduced velocity of peripheral blood flow 
in all peripheral vessels, and elongation, coiling 


TABLE I 
HYPERTENSIVE VASCULAR DISEASE 





Normal Subjects 
(125) 





Normotensive Diseases 


(65) 


Essential Hypertension 


(100) 








General nature of peripheral 


blood flow 


Vessels tonic; flow rapid 





Spontaneous vasomotor 
activity 





Velocity of capillary blood Normal (0.026 mm. /sec.) 


flow 


Coiling, looping and 
tortuosity of capillaries and 
venules 


Cases 


Epinephrine concentration 
required to produce 
threshold precapillary 
narrowing 


1:3,700) 





representative vessels. Reactivity to topically 
applied epinephrine was determined by applying 
solutions of various concentrations into the 
conjunctival sac, closing the patient's eye for a 
period of thirty seconds, then observing vessels 
previously studied for a period of one to two 
minutes. Beginning with concentrations of 
1:800,000, progressively stronger solutions of 
1:400,000, 1:200,000, etc., were employed at 
intervals of three to four minutes until a con- 
centration was found at which "threshold" 
narrowing occurred in the selected precapillary 
vessel segments. As with the observations on the 
velocity of blood flow, this arbitrarily selected 
end-point has proven useful as a criterion for 
measurement of reactivity to a vasoconstrictor 
drug. In studies of over fifty subjects followed for 
a period of more than two vears, the reactivity 
thus established has been found not to vary more 
than the standard error described previously.? 


RESULTS 


The findings in subjects with hypertensive 
vascular disease previously described are sum- 
marized in Table 1, and are compared there 


and smooth, no stagnation 


Grade 1-2 in 25% of cases | Grade 3-4 in 85% of 


Up to Grade 1 in 10% of | Grade 3-4 in 65% of cases 


1:37,000 (standard error, 








Vessels constricted; blood 
flow slowed, tissue ischemic 


Highly variable 
Usually not seen 
subjects 


Highly variable (0.004— 
0.03 mm. /sec.) 


Greatly reduced 
(0.011 mm. /sec.) 


To grade 1-2 in 15% of 
cases 


1:300,000 (standard error, | 1:315,000 (standard error, 


1:25,000) 1:32,000, highly variable) 


and tortuosity of the capillaries and venules, 
occurred as an entity only in the subjects with 
hypertensive vascular disease. In Figure 1 the 
tepographic plan of a normotensive subject 
without disease is shown. This may be com- 
pared to the pattern of the peripheral vascular 
system of a hypertensive subject without other 
disease shown in Figure 2. The difference in 
arrangement of the peripheral vessels is apparent. 

Cushing's Syndrome. In ‘Table mn are the 
observations on subjects with Cushing’s syn- 
drome. The dysfunctional phenomena pre- 
viously reported in hypertensive vascular disease 
are duplicated in subjects with hyperadrenal- 
corticalism. Figures 2 and 3 demonstrate that 
both groups also display similarly abnormal 
tepographic arrangement of peripheral capillary 
vessels. There is elongation and coiling of the 
capillaries and venules, probably more notice- 
able in the venular portions of the individuals 
with Cushing's disease than in the hypertensive 
subjects without other disease states. The 
findings in the (conjunctival) capillary bed 
therefore do not permit separation of subjects 
with *essential hypertensive vascular disease 
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from individuals whose hypertension is associ- 
ated with adrenal cortical hyperfunction. 
Pheochromocytoma. In Table m are the data 
on the patients with hypertension associated with 
pheochromocytoma. The terminal arterioles 
and precapillaries are narrowed and the tissues 


It was possible in patient C. to observe the 
conjunctival capillary bed with the patient at 
rest and again during and following a hyper- 
tensive crisis produced by massage of the ab- 
dominal tumor. At resting blood pressure of 
160/105 the capillary bed was ischemic, with 


TABLE I 
CUSHING’S DISEASE 








i locity of Fl 
Patient General Aspect Topography (X 1000) Velocity of Flow 
M————————— 1L M ———— — ——————————— — o Á—— — | 0—————— ———————————————————————— ——-—— p———————— S | SM 
M. M Constriction of arterioles Grade 1 coiling and tortuosity 1:200 Slightly reduced 
Grade 1, otherwise of venular aspects of 
unremarkable capillaries 
Ch. Grade 3 constriction with Grade 3-4 coiling and 1:400 Greatly reduced 
moderate ischemia tortuosity of capillaries and 
venules 
Lob. Grade 3 constriction with Grade 3-4 coiling and 1:400 Greatly reduced 
moderate ischemia tortucsity of capillaries and 
venules 
Swe. Grade 3 constriction and Grade 3-4 coiling and 1:300 Greatly reduced 
ischemia tortuosity of venules and 
capillaries 
Har. Grade 3 constriction and Grade 3-4 coiling and 0:400 Greatly reduced 
ischemia tortuosity of all small vessels 
TABLE II 
PHEOCHROMOCYTOMA 
Epinephrine Reactions | 
Patient | General Aspects Topography -— Š Velocity of Flow 
(X 1000) 
C. Slight vasoconstriction Normal, no abnormalities 1:100 Normal 
found 
M. Notable arteriolar narrowing, | No abnormalities found 1:200 Slightly reduced 
with ischemia 
Mo. Moderate amount of No abnormalities found 1:200 Slightly reduced 


narrowing, with ischemia 


are ischemic. The velocity of blood flow is 
reduced to approximately the levels at which 
it is noted in *'essential" hypertensive vascular 
disease and in Cushing's syndrome. A striking 
difference, however, was the complete absence 
of capillary and venular elongation, coiling 
and tortuosity. (Fig. 4.) The anatomy and 
arrangement of elements in the peripheral 
vascular system of these patients were quite 
comparable to those observed in normotensive 
individuals, with or without any other disease. 
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Epinephrine Reaction 


moderately constricted arterioles and  pre- 
capillary sphincters and epinephrine sensitivity 
of approximately four and a half times the 
normal range was observed. Vasomotion was 
minimal, the precapillary sphincters being pre- 
dominantly narrowed. Within thirty seconds 
after beginning abdominal massage the blood 
pressure began to rise, attaining a level of 
260/160 in sixty seconds. Coincidentally with 
the increase in blood pressure, the terminal 
arterioles and  precapillaries were seen to 
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HUMAN CAPILLARY BED 


Fic. 1. The normotensive subject shows absence of arteriolar constriction and rela- 
tively straight, patent capillaries and venules. (A, arterioles; C, true capillaries; 
V, venular portions of cap:llaries and collecting venules.) 


Fic. 2. Essential vascular hypertension is accompanied by narrowed arterioles, 
fewer patent capillaries, and coiling, tortuosity and elongation of venular capillary 
segments and collecting venules. 


Fic. 3. In Cushing's syndrcme, the arterioles (in this case) were so narrowed that 
they are not readily noted in the photomicrographs. The capillaries and venules 
display prominent tortuosity and coiling, with elongation of the venular segments, 
very similar to that seen in essential hypertension. 

Fic. 4. The capillary bed in pheochromocytoma has narrowed arterioles and few 
capillaries per unit of tissue; but the bizarre topographic abnormalities of 
Cushing’s syndrome and essential hypertension are not observed. 
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constrict, almost to complete closure. At this 
time application of epinephrine of 1:800,000 
produced complete closure of all of the patent 
arterioles. This represented a three to fourfold 
increase over the previously existing threshold 
level to twelve times the normal reactivity of 
arterioles to topically applied epinephrine. The 
blood pressure remained elevated and these 
findings persisted in the conjunctival capillary 
bed for approximately two and one-half minutes. 
The blood pressure then fell slowly within a 
period of four minutes to its former level of 
160-165/105. During the fall in blood pressure 
the terminal arterioles gradually widened to 
resume their former partially constricted state, 
and blood flow increased to its previous speed. 
When the blood pressure had fallen to the 
preexisting level of 165/100, the reactivity of 
precapillaries to epinephrine returned to former 
levels of but four and a half times the normal 
value. It was assumed that the visualized 
vasoconstriction and ischemia were the result 
of an increase in the amount of epinephrine 
circulating within the blood stream. The aug- 
mented vascular reactivity to applied epineph- 
rine probably represented a summation of the 
effects of the increased intravascular epineph- 
rine with that applied to the outside of the 
arterioles and precapillaries. 

Patient C. was explored surgically within a 
week after these observations and a large pheo- 
chromocytoma of the left adrenal gland was 
removed. The patient’s blood pressure returned 
to normal levels. Observations of the conjunc- 
tival vessels seven days after operation and at 
least three times in the two-year interval follow- 
ing operation have demonstrated a normal 
topographic vascular arrangement and velocity 
of blood flow, with a reactivity of terminal 
arterioles and precapillary sphincters that is 
well within the usual range of normotensive 
individuals. 


COMMENTS 


It is apparent that the abnormalities present 
in the peripheral vessels (of the conjunctiva) 
in essential hypertension are similar to those 
present in like vessels of subjects with high blood 
pressure accompanying ‘‘Cushing’s’’ disease.” 
In cases of pheochromocytoma, on the other 
hand, even though a persistent hypertension is 
present, the peripheral vessels in certain regards 
display a considerably different state. The 
arterioles and precapillaries are less hyper- 
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reactive to topically applied epinephrine, and 
there may be rapid variation in the degree of 
such vascular reactivity associated with the 
transient rise and fall in blood pressure produced 
by manual compression of the tumor mass 
(Patient C.). This latter picture contrasts sharply 
with the stability of epinephrine hyper-reactivity 
present in essential hypertension and in Cush- 
ing’s disease. 

A third and most outstanding difference noted 
was the complete absence in the patients with 
pheochromocytoma of the capillary coiling, 
tortuosity and elongation that were prominent 
features of the peripheral vascular bed of 
essential hypertensive and of hypertensives with 
Cushing’s disease. The absence of this phenom- 
enon in cases with adrenal medullary tumor, 
and its presence in hyperadrenal corticalism, 
suggests that development of such pathologic 
changes in the capillary bed may depend, at 
least in part, on excessive adrenal cortical 
activity. 

The physiologic importance of capillary 
coiling, elongation and (in the venular portion) 
a widened capillary diameter is not clear. 
In view of the increased capacity which such 
changes afford in the single capillary, however, 
it is conceivable that the capillary bed per se 
might thus be enabled to hold considerably more 
blood. The increase in blood-holding capacity 
would reside primarily in the venular side of the 
peripheral vascular network, in contrast to 
diminished volume of the terminal arterioles 
resulting from arteriolar vasoconstriction. Thus 
the change may represent vascular adjustment 
to maintain the volume of blood within capillary 
bed elements. A second and equally plausible 
explanation of the increased capillary length and 
coiling may be based on arteriolar-capillary 
pressure relationships. Although the increased 
arterial blood pressure in hypertension is 
thought to be expended chiefly in the smaller 
arteries and the larger pulsatile arterioles, there 
is recent evidence that a portion of the increased 
pressure is transmitted peripherally to the met- 
arterioles and their capillary offshoots.? With 
such an increase in the intracapillary pressure, 
conditions would greatly favor outward filtra- 
tion of fluid and electrolytes, particularly in the 
proximal portion of the true capillaries. The 
accumulation of excess interstitial fluid as a result 
of such hydrostatic changes might be prevented 
by a corresponding increase in the factors which 
facilitate inward filtration of interstitial fluid, a 
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return to the intravascular space. The increase in 
length and in surface area afforded by the 
coiling and tortuosity (all of which occur chiefly 
in the distal portions of the capillaries where 
inward filtration probably predominates) may 
represent changes designed to increase greatly 
the potential ability to mobilize fluid from out- 
side of the vascular bed. Thus although the 
rate of outward filtration at the proximal 
capillary segment might be theoretically in- 
creased, the expansion of surfaces for inward 
filtration in the more distal portions of the 
capillaries would maintain normal intravascu- 
lar-extravascular fluid volume relationships. 


CONCLUSIONS AND SUMMARY 


1. The capillary bed in the bulbar conjunctiva 
was studied in eight patients with hypertension 
associated with pheochromocytoma or ‘‘Cush- 
ing's syndrome" (hyperadrenalcorticolism). 

2. When compared with the findings in 
essential hypertension, the peripheral vascular 
system in hypertension caused by pheochromo- 
cytoma shows a similar but less notable vaso- 
constriction, less hyper-reactivity to epinephrine 


and complete absence of capillary and venular 
coiling, tortuosity and elongation. During a 
hypertensive crisis in one case, extreme increase 
in vasoconstriction, tissue ischemia and reactiv- 
ity to epinephrine was observed, in contrast to 
the stability of the vascular status in essential 
hypertension. 

3. Subjects with ‘“‘Cushing’s syndrome," on 
the other hand, display a pattern of vascular 
topography and response in the capillary bed 
that could not be differentiated from that found 
in essential hypertension. 

4. The possible significance of these observa- 
tions is discussed 
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With a Case of Acute, Bilateral Cortical Necrosis 


HARALD GORMSEN, M.D., Pour IvERSEN, M.D. and FLEMMING RAASCHOU, M.D. 


Copenhagen, Denmark 


MONG the various disorders of the kidnev 
in which the kidney biopsy method has 
been employed, its usefulness has been 

demonstrated particularly in acute anuria. 
Evidence of this appears in Brun's findings based 
on kidney biopsies obtained in twelve patients 
with acute anuria (acute tubulo-interstitial ne- 
phritis).* The most essential histologic changes 
observed by Brun were: (1) The glomeruli were 
normal. (2) The proximal tubules presented low 
flattened epithelium and, in some cases, dilata- 
tion. (3) The distal tubules and the ascending 
part of Henle's loops were dilated, showing flatten- 
ing of the epithelial cells. (4) In circumscribed 
areas the protoplasm of the epithelial cells in the 
proximal tubules sometimes showed so-called 
"hydropic" changes. Brun? also often found co- 
existing degenerative and regenerative (mitoses) 
processes in the tubular epithelium. (5) There 
were interstitial changes consisting of focal or 
diffuse edema with or without cellular infiltra- 
tion. (6) Finally, the presence of hemoglobin- 
stained casts in the distal tubules, Henle's loops 
and collecting ducts, were noted. Tubular 
necroses were not observed. Brun has pointed 
out that interstitial changes play a much more 
important part than has been supposed bv 
previous investigators. His findings also support 
the criticism of the term “lower nephron 
nephrosis" since, as pointed out by Oliver, 
MacDowell and Tracy,!? among others, the in- 
fection is localized not only to the *lower 
nephron" but also, and perhaps chiefly, to the 
proximal tubules. The fact that postmortem 
autolytic processes are most pronounced in the 
proximal tubules may be the reason why the 
degenerative changes in the tubules have 
hitherto been underestimated. 

As is known, tubulo-interstitial nephritis rep- 
resents a very polymorphous group of diverse 


etiology; this also appears from Brun's series. In 
spite of this, it has not been possible to find 
histologic dissimilarities corresponding to the 
different etiologies. 

In the three cases to be recorded the histologic 
findings were very different and, in at least two 
of the patients, were undoubtedly so character- 
istic of the underlying causes that a report of the 
cases might be of interest. 


METHOD 


The kidney biopsies were performed by the 
Iversen and Brun method,’ and five biopsies in 
all were obtained in the three patients. Because 
of the presence of impaired renal function, the 
biopsies were not preceded by intravenous 
pyelography. Renal function was studied by 
twenty-four hour endogenous creatinine clear- 
ance and determinations of serum urea and 
serum creatinine. The kidney biopsies were 
uncomplicated. ‘The authors had an opportunity 
to examine the sites of puncture at subsequent 
autopsies of two of the patients; nothing ab- 
normal was observed. 


CASE REPORTS 


Case 1. A thirty-three year old man, 
previously in good health, was assaulted by 
hooligans on August 20th, 1953, at 1 a.m. and 
incurred a bilateral fracture of the mandible. 
During the next three days he had headaches, 
nausea, dizziness and fever but was able to 
come in a taxi for treatment of the mandibular 
fractures. 

Having become confused during the preceding 
night, he was admitted to the neurosurgical 
department on the morning of August 23 
(three and a half days after the assault) in a 
completely unconsciousness state. On admission 
he was in shock. The pulse was impalpable, the 


* From Department m of Kommunehospitalet, and from the University Institute of Forensic Medicine, Copenhagen, 
Denmark. Aided by a grant from the King Christian x Foundation. 
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action of the heart inaudible, the blood pressure 
80 mm. Hg, and cyanosis of the lips and the 
finger tips was noted. Breathing was intermit- 
tent and gasping, and copious secretion in the 
respiratory tract was observed. In view of the 
possibility of an intracranial, extracerebral 
hemorrhage, surgery was performed, two holes 
being drilled on either side of the skull. No 
intracranial hemorrhage was found however, 
During the days that followed the patient was 
dull and semi-conscious, had respiratory rales 
and was cyanotic. On August 23 the output of 
urine was 250 ml., on August 24 (the day follow- 
ing surgery) it was 450 ml. During these twenty- 
four hours the patient was given 3000 ml. of 
fluid. The next day (August 25) the output of 
urine had fallen to 100 ml., the patient became 
increasingly restless, the blood urea level had 
risen, and acidosis and rising blood pressure 
were noted; further, atelectasis of the left lung 
was present. On August 25 the patient was given 
50 ml. of a 50 per cent solution of sucrose, as 
cerebral edema was suspected. 

On August 26 the patient was transferred to 
Department mr (Medicine) owing to anuria, 
uremia and arterial hypertension. He was dull 
and semi-conscious on admission, though he 
reacted when spoken to and gave adequate 
replies. However, he was not oriented in time or 
place. There was some edema, especially of the 
legs. The blood pressure was 190/135 mm. Hg; 
serum urea, 244 mg. per 100 ml.; and serum 
creatinine, 10.4 mg. per 100 ml. Catheterization 
yielded only 20 ml. of slightly bloody urine. 

At 5 p.m. on the day of admission the patient 
had an attack of generalized convulsions for 
about fifteen minutes and then lost conscious- 
nes. Ophthalmoscopy showed normal eye- 
grounds. A neurologist considered that cerebral 
edema was present and recommended the 
administration of sucrose. ‘Therefore, for the 
second time in forty-eight hours the patient 
was given 50 ml. of a 50 per cent solution of 
sucrose intravenously. 

The next day (August 27) the serum urea had 
risen to 354 mg. per 100 ml., the serum creatinine 
to 14.6 mg. per 100 ml., and the oliguria per- 
sisted. At 1:30 p.M., that is, after four days in a 
state of shock, he died; the principal cause of 
death was presumed to be cerebral edema. 

Kidney biopsy had been performed one hour 
and forty minutes prior to death. The tissue 
obtained measured about 9 mm. in length 
(Figs. 1 and 2) and consisted of cortex containing 


10 glomeruli, all of which were normal. The 
epithelium in all proximal tubules and in many 
distal tubules had undergone pronounced 
"hydropic" change. In many tubules there were 
either no nuclei or very few; many of the nuclei 
present were pycnotic. The cells in the proximal 
tubules were rather tall, and the lumina were 
slightly dilated in many areas. As already men- 
tioned, the epithelium in a number of distal 
tubules showed similar changes, in others 
it was flattened. A few slightly hemoglobin- 
stained casts were seen in the lumina of the 
distal tubules. No inflammatory infiltration, no 
interstitial edema and no vascular changes were 
seen. The histological diagnosis was diffuse 
"hydropic degeneration" and some hemoglobin- 
stained casts. 

Autopsy showed: (1) Three fractures of the 
mandible had been sustained. (2) Hematomas 
were present in the pharynx and the larynx 
and in the subcutaneous tissue on the anterior 
surface of the neck. (3) Severe edema and 
pronounced hyperemia of the brain were noted. 
(4) The kidneys were of normal size with smooth 
surfaces and normal proportions of cortex and 
medulla; the cortices were somewhat pale. (5) 
The lungs showed congestion and edema, and 
atelectasis of the left lower lobe was present. 

In addition to the same changes as were seen 
in the biopsy, histologic examination of the 
kidneys at necropsy revealed scattered small 
interstitial infiltrates of lymphocytes and macro- 
phages in the cortex, which also showed distinct 
interstitial edema in some areas. Considerable 
amounts of hemoglobin-stained casts were 
present in Henle’s loops and in the collecting 
tubules. 

Summary and comments: A thirty-three year old 
man developed deep shock, anuria, uremia, 
hypertension and edema three days after severe 
head trauma and died on the seventh day. ‘The 
principal cause of death was presumed to be 
cerebral edema. Kidney biopsy and autopsy 
specimens showed slight acute tubulo-interstitial 
nephritis and pronounced diffuse ‘“‘hydropic’”’ 
tubular changes, especially in the proximal 
tubules. The latter lesion was probably due to 
intravenous administration of sucrose. 

There is every reason to believe that this pa- 
tient was overhydrated; this undoubtedly con- 
tributed to his death. The autopsy revealed both 
cerebral and pulmonary edema (both of which, 
however, could have been due to uremia; the 
brain edema could have been possibly due also 
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Fic. 1. Kidney biopsy with normal glomeruli, pronounced “‘hydropic”’ changes in all 
proximal tubules (probably due to intravenous sucrose administration) and a few 
hemoglobin-stained casts in the distal tubuli with flattened epithelium; X 145. 


(Case 1.) 


Fic. 2. Kidney biopsy from the same preparation as Figure 1 showing the same lesions; 


X 280. (Case 1.) 


to the trauma) and hypertension had been 
present. 

The significance of the diffuse so-called 
"*hydropic" changes found in the tubules in this 
case is not known. They resemble a diffuse form 
of the change which Brun? and others have 
found in acute, tubulo-interstitial nephritis in 
more focal areas. Whether it can be considered 
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indicative of an intracellular edema cannot be 
stated with certainty. 

The patient had been given two intravenous 
injections of sucrose while the renal function was 
much impaired and oliguria was present. It is 
known from the literaturel$,8.10,1,15,16 that, 
when given intravenously to dehydrate the 
tissues, especially the brain, sucrose may pro- 
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duce marked *hydropic" changes in the proxi- 
mal tubules of the kidney; however, the 
significance of these changes is not known. 
With regard to the effect on the renal function 
of a single injection of sucrose, opinions differ. 
Joliffe, Shannon and Smith!? have shown that 
sucrose injected subcutaneously does not alter 
the xylose or the urea clearances, whereas it has 
been shown by Helmholz!? and Helmholz and 
Bollmann!! that the excretion of phenol- 
sulfonphthalein decreases after a single injection. 
But it does not appear that repeated injections of 
sucrose in physiologic quantities can give rise to 
permanent renal lesions.51?;! [t is not known 
whether sucrose may injure tubular cells in a 
kidney which does not function normally, but it 
would seem irrational to use sucrose for dehydra- 
tion in acute oliguria when the organism is 
unable to eliminate water. 

With regard to the renal changes in the pres- 
ent case, they must be considered to have been 
caused chiefly by the treatment with sucrose and 
to a lesser degree by acute tubulo-interstitial 
nephritis (hemoglobin-stained casts and inter- 
stitial infiltrates). 

CasE m. A thirty-five year old woman had 
been feeling tired and nervous during the past 
year and a half. In March 1953, she had an 
infection considered to be pneumonia. Since 
that time the sedimentation rate had been 
increasing, and she had become progressively 
fatigued, nervous and irritable. 

Early in the night of August 18, 1953, she 
suddenly became ill, feeling very sick with chills, 
copious diarrheal discharges, profuse vomiting, 
nausea, headache and lumbar pain radiating 
into the groin. There was slight vaginal bleed- 
ing. She had a fever of 40°c. Four hours after 
onset she was admitted to Surgical Department 
1, Kommunehospitalet, for observation for febrile 
abortion. Gynecologic examination showed 
that the uterus was enlarged, corresponding to a 
pregnancy in the eighth week, and there was 
moderate bleeding. She had not menstruated for 
two months. 

A good deal of medicine had been taken at 
home, none of which was known to produce 
hemolysis. When questioned several times both 
the patient and her husband denied that 
abortifacients had been taken; their denial 
seemed trustworthy. Questioning revealed that 
no one else in their home had become sick 
following supper. 

Catheterization on the morning of August 18 


yielded 100 ml. of bloody urine. On examination 
at 12 A.M. she was neither exhausted nor in 
shock but had a brownish, icteric, rather mulatto- 
colored appearance. At this early stage of the 
disease she already had severe anemia (hemo- 
globin percentage, 49), and the serum was of a 
dark reddish brown color (hemoglobin percent- 
age in serum, 11). Marked leukocytosis was 
present in the peripheral blood (64,000). The 
blood was examined to determine the cause of the 
hemolysis but no signs were found to indicate the 
presence of immune-hemolytic anemia. On the 
same day the patient was transferred to Medical 
Department ri for uremia (serum urea, 135 mg. 
per 100 ml.; serum creatinine, 4.9 mg. per 
100 ml.). 

Kidney biopsy was performed twice on this 
patient, on the third day of the disease (August 
20) and on the ninth day (August 26). Pro- 
nounced oliguria was present on both occasions. 
The specimen of renal tissue obtained on August 
20 measured 3 mm. in length (Fig. 3) and 
consisted of cortex containing three glomeruli in 
all; these were normal. The proximal con- 
voluted tubules appeared to be normal also. 
However, the epithelium was comparatively low. 
and in a few areas the nuclei apparently pro- 
truded directly into the lumina which appeared 
rather wide but hardly dilated. In almost 
all distal tubules there were coarse grained, 
distinctly hemoglobin-stained casts which ap- 
parently distended the lumina, the epithelium 
thus being flattened. No inflammatory infiltra- 
tion was noted, and there seemed to be no 
interstitial edema. The histological diagnosis 
was numerous hemoglobin-stained casts in the 
distal tubules. 

The biopsy specimen of the kidney, obtained 
on August 26, measured about 3 mm. in length 
(Fig. 4) and consisted of cortex containing four 
glomeruli, all of which were normal. The 
epithelium was consistently low in the proximal 
tubules and very low in the distal tubules; most 
of the latter had deeply hemoglobin-stained 
casts which contained remnants of nuclei in 
some places. There was no definite hydropic 
change, no tubular necrosis. There were several 
small interstitial inflammatory infiltrates con- 
sisting of lymphocytes and macrophages, very 
few neutrophil leukocytes and a few plasma 
cells. Slight interstitial edema was observed in 
some areas. No vascular changes were noted. 
lhe histologic diagnosis was acute tubulo- 
interstitial nephritis. 
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Fic. 3. Kidney biopsy with normal glomerulus and distal tubuli distended by 
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hemoglobin-stained casts; X 280. (Case 11, third day after hemolysis.) 


Fic. 4. Kidney biopsy with the same lesions as those shown in Figure 5; edema and 
slight inflammatory infiltration interstitially; X 145. (Case 11, ninth day after hemoly- 


sis.) 


Chart 1 shows how the oliguria varied from 
67 to 122 ml./24 hours for a fortnight; only then 
did the output of urine begin to increase spon- 
taneously. The urine was dark brown during the 
first six days of the disease. During the period of 
oliguria the serum urea rose progressively, the 
maximum being 468 mg. per 100 ml. on the 
sixteenth day. The twenty-four hour creatinine 
clearance was measured daily and was esti- 
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mated to be 0.2 to 0.7 ml./minute during the 
period of oliguria. The patient remained con- 
scious, and vomited a good deal. On the eleventh 
day of illness, as the oliguria persisted, the 
patient was transferred to the University 
Medical Clinic in Lund, Sweden (N. A. Alwall) 
for treatment by dialysis. However, the output 
of urine began to increase spontaneously from 
the thirteenth to the fourteenth day of the disease 
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and slowly rose to very high levels. From the 
sixteenth day the serum urea began to fall. As 
the patient’s general condition never became 
serious, it was considered in Lund that hemo- 
dialysis was not indicated. On the twenty-fourth 
day of the disease she was transferred back to 


came restless and anxious, was slightly obtunded, 
and the pulse was bigeminal. Examination of the 
blood revealed hypokalemia (serum potassium, 
2.7 mEq./L.). Next day (the twenty-fifth day of 
the disease) an attempt was made to remedy the 
hypokalemia by the administration of potassium 


DAY AFTER ONSET OF DISEASE 
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Chart I 


Copenhagen. On her return she had developed 
stomatitis and large conjunctival hemorrhages 
but was feeling well; towards evening she be- 


by mouth and by infusion. As the serum sodium 
(111 mEq./L.) and the serum chloride (91 
mEq./L.) showed low values, the patient was 
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also given a 0.9 per cent saline solution. In the 
afternoon she developed faint muscular twitch- 
ings and at 7 p.m. developed convulsive seizures 
of the right arm and the right side of the face. 
Three hours later she died of pulmonary edema. 

Autopsy revealed a subarachnoid hemorrhage 
around the left hemisphere and a small area of 
encephalomalacia in the left capsula interna. 
Pronounced acute congestion and edema of the 
lungs was also noted. The uterus revealed a 
small intumescence in the mucous membrane, 
surrounded by hemorrhages; histologic exami- 
nation revealed decidual tissue, indicating that 
the patient must have been pregnant. Histologic 
examination of renal tissue showed numerous 
hemoglobin-stained casts in the distal tubules, 
Henle’s loops and collecting ducts. 

Summary and comments: A thirty-five year old 
pregnant woman suffered from severe (toxic?) 
hemolytic anemia with renal failure and oliguria- 
anuria of thirteen days’ duration. The renal 
function improved during conservative treat- 
ment but the patient died on the twenty-sixth 
day of subarachnoid hemorrhage and localized 
encephalomalacia. Kidney biopsy and post- 
mortem specimens showed numerous hemo- 
globin-stained casts in almost all distal tubules. 

In view of the sections obtained by kidney 
biopsy (Figs. 3 and 4), one must consider 
whether the numerous hemoglobin casts found 
played a part in the causation of oliguria by 
blocking the tubules; as already mentioned, 
both biopsies were performed during the period 
of oliguria. Later, the patient had a phase of 
fairly pronounced polyuria. Autopsy specimens 
of renal tissue still showed many of the casts. 
This fact suggests that the casts need not neces- 
sarily play a part in the oliguria, as one might 
be inclined to believe. 

Case m. This was a twenty-one year old 
woman who had been previously in good health. 
As the result of a local trauma six months before 
admission, she had a stillborn child about two 
months before term. Two months before admis- 
sion the patient had an early abortion. She was 
not pregnant at the onset of the present disease. 
Except for an attack of pyelonephritis of short 
duration, treated at home a year and a half be- 
fore admission, she had never had symptoms of 
infection of the kidney. 

The patient was admitted to Department ru, 
Kommunehospitalet, on October 13, 1953 be- 
cause she had not passed urine for four days. The 
disease had begun rather suddenly on October 8 
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with bilateral lumbar pain, nausea, vomiting 
and rise of temperature to about 38°c. There 
had been no preceding disease, no dysuria, no 
edema, no disturbances of vision. The patient 
had not been in contact with toxic substances, 
had not taken any drugs which might produce 
renal damage, and there were no signs of 
hemolysis in the blood. 

She was conscious and was not exhausted on 
admission. Except for moderate bilateral tender- 
ness in the lumbar regions, results of physical 
examination were normal. Blood pressure was 
115/60 mm. Hg. Immediately after admission 
20 ml. of slightly turbid urine with a specific 
gravity of 1.020 was evacuated by catheteriza- 
tion. Microscopic examination of the urine 
showed a number of erythrocytes, a few leuko- 
cytes, epithelial cells and hyaline casts. The 
patient produced no urine for the next sixteen 
hours. Cystoscopy sixteen hours later did not 
show any urine in the bladder. Moderate cystitis 
was present, and no urine was obtained by ure- 
teral catheterization. No obstruction was found, 
and direct pyelography revealed nothing 
pertinent. 

On October 14 (the sixth day of the disease) 
the serum urea was 253 mg. per 100 ml., and the 
serum creatinine was 12.4 mg. per 100 ml. Serum 
chloride was 83.3 mEq./L., serum sodium 
121 mEq./L. An electrocardiogram showed 
inverted T waves but laboratory investigations 
gave otherwise normal results. 

Kidney biopsy was performed twice, on the 
seventh and eleventh days of the disease (Octo- 
ber 15 and 19, respectively). The output of urine 
was low on both days. (Chart 1.) The kidney 
biopsy obtained October 15 consisted of two 
small tissue cylinders measuring 3 and 5 mm. in 
length, respectively, the smaller one consisting 
of cortex, the longer one of medulla. Most of the 
cortical tissue was necrotic; the interstitium was 
edematous, in parts markedly infiltrated with 
blood, and extensively infiltrated with leuko- 
cytes. One could discern the shadowy markings 
of tubules (Fig. 5) in which no nuclei could be 
observed. However, one end of the cortex 
specimen contained three glomeruli which were 
fairly well preserved. The basement membranes 
showed slightly diffuse hyaline thickening and 
some contained small hyaline precipitates. The 
tubules in the circumference of these glomeruli 
showed fairly marked necrobiotic change, and 
most of these tubules contained large, hyaline 
casts which filled the highly dilated lumina. 
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The medullary tissue showed no necrosis or 
necrobiosis, and scarcely any increase in 
interstitial connective tissue was noted. There 
was no inflammatory infiltration in the medulla. 
Considerable amounts of hyaline or slightly 
hemoglobin-stained casts were present in the 
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or from the hyperemic border zone of such 
an infarct. The histologic diagnosis was partly 
necrotic cortical tissue—tissue from a kidney 
infarct (?)—medullary tissue with a number of 
hyaline and slightly hemoglobin-stained casts 
but without other changes. 
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DAYS AFTER ONSET OF DISEASE 
Chart u 


loops and the collecting ducts, but there were no 
coarsely granulated, deeply hemoglobin-stained 
casts like those present in tubulo-interstitial 
nephritis. 

The partly necrotic cortical tissue seemed to 
resemble renal tissue from an ischemic infarct 


The biopsy specimen obtained October 19 
measured about 9 mm. in length and consisted 
of about two-thirds cortex and one-third medulla 
(Figs. 6, 7, 8, 9). About 4 mm. of the outer- 
most portion of the cortex consisted of necrotic 
tissue of the same appearance as described 
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Fic. 5. Kidney biopsy showing almost completely necrotic, blood and leukocyte infil- 


trated cortex (acute bilateral cortical necrosis); X 145. (Case ri, seventh day after on- 
set of the disease.) 


Fic. 6. Kidney biopsy on the eleventh day of the disease. ‘The uppermost segment con- 
sists of almost completely necrotic cortex (as in Fig. 5); the intermediate zone is the 
intact juxtamedullary zone; the lower segment shows retained medulla with casts. 


(Case ut.) 


in the previous biopsy. Five or six glomeruli 
in this portion were almost completely necrotic. 
Hyaline casts were present in many of the 
damaged tubules. In the juxtamedullary zone 
there were two relatively well preserved 
glomeruli which showed only slightly diffuse 
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hyalinization of the basement membranes. No 
necrosis or necrobiosis was seen in the medulla 
which contained considerable amounts of hyaline 
and “many coarsely granulated hemoglobin- 
stained casts in the loops and the collecting 
ducts. 
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Fic. 7. Same kidney biopsy as that shown in Figure 6. (Case m1.) 





rie ian 


Fic. 8. Same kidney biopsy as that shown in Figs. 6 and 7; retained juxtamedullary 
zone with two intact glomeruli and a few hemoglobin-stained casts in distal tubuli; 


X 145. (Case mi.) 


In some places these lumina apparently 
contained pure blood. No inflammatory infiltra- 
tion was noted in the medulla. No thromboses 
were found in the arteries in the two biopsies 
described above. The histologic diagnosis was: 
almost completely necrotic cortical tissue; 
medulla with casts of the type seen in tubulo- 
interstitial nephritis. 

The two kidney biopsies (kidney biopsy is 
always performed in the right kidney) and the 
clinical picture suggested either a large right- 


sided renal infarct with reflex anuria or large 
bilateral renal infarcts. In order to solve the 
question, renal arteriography according to 
Peirce's method was performed. The picture 
revealed normal renal arteries with normal, 
coarse ramifications; the suspicion of embolus or 
thrombosis in the renal arteries was thus 
invalidated. 

The diagnosis of acute bilateral cortical 
necrosis would then be the most probable. 
This diagnosis was established with certainty 
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Fic. 9. Same kidney as Figures 6, 7 and 8. Left, retained medulla with hemoglobin- 
stained casts; right, almost completely necrotic cortex. X 145. (Case m.) 


sixty-one days after the onset of the disease when 
tomograms were taken which showed diffuse 
calcinosis in the peripheral parts of the cortices 
of both kidneys. 

Treatment and further course: Owing to persistent 
oliguria with marked impaired renal function 
(twenty-four hour endogenous creatinine clear- 
ance about 0.1 ml./minute) the serum urca 
level gradually rose to 432 mg. per 100 ml. and 
the serum creatinine to 24 mg. per 100 ml. ^s the 
serum potassium also showed a tendency to 
rise (Chart 11), peritoneal dialysis was instituted 
on the fourteenth day of the disease (October 
22). From the fourteenth to the thirtieth days of 
the disease the patient was given twelve dialysis 
treatments; 230 gm. of urea, 10 gm. of creatinine 
and 5.8 gm. potassium were removed in this 
manner. During the dialysis period the output 
of urine began to increase and, at the same time, 
there was a gradual rise in the twenty-four hour 
creatinine clearance. On the forty-fifth day it 
reached a level varying between 10 to 17 ml./ 
minute; when the peritoneal dialysis was dis- 
continued the serum urea had fallen to 250 mg. 
per 100 ml., the serum creatinine to 9 mg. per 
100 ml. Later these values showed a further 
spontaneous fall to levels of 80 and 4 mg. per 
100 ml., respectively. 

On the seventy-fourth day of the disease the 
patient was discharged feeling very well. Three 
days after her discharge she was readmitted, this 
time to Surgical Department v, owing to ileus. 
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As this could not be relieved by conservative 
treatment, surgery was performed and a segment 
of the small intestine was found to be twisted 
around a cord-shaped adhesion. Several other 
adhesions were found between the intestines. 
The operation was uneventful. 

A follow-up nine months after the onset of the 
disease showed that the twenty-four hour creati- 
nine clearance had risen to about 29 ml./ 
minute; the serum urea was 59 and the serum 
creatinine was 2.5 mg. per 100 ml. 

Summary and comments: Without preceding dis- 
ease, a twenty-one year old non-pregnant 
woman suddenly suffered bilateral lumbar pain 
and complete anuria of five days’ duration. On 
the basis of kidney biopsy the probable diagnosis 
was acute bilateral cortical necrosis, demon- 
strated two months after the onset of the disease 
by x-rays which showed calcinosis in the periph- 
eral parts of the cortex of both kidneys. Kidney 
function during the first two weeks was prac- 
tically nil. In the following two weeks peritoneal 
dialysis was performed and renal function 
gradually improved. Nine months after the onset 
of the disease function of the kidney was about 
one-quarter of normal and the patient was doing 
rather well. 

Bilateral cortical necrosis, a rare disease, was 
first described by Juhel-Renoy in 1886.!* It 
appears most frequently as a complication of 
pregnancy (bleeding and premature separation 
of the placenta) and after abortions.?:?9 The dis- 
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ease, however, may also occur in non-pregnant 
women and in males and children under condi- 
tions (severe hemorrhage, trauma, severe infec- 
tion, dehydration, diarrhea, vomiting and 
burns) in which acute tubulo-interstitial nephri- 
tis occurs. Duff and Murray’ have given a good 
survey of the literature and a complete clinical 
description. Pathogenesis of the disease is quite 
obscure but it is probably an extreme variant 
of acute tubulo-interstitial nephritis. Bilateral 
cortical necrosis has been produced experi- 
mentally in animals by various means: Byrom? 
produced the disease in rats by injecting large 
quantities of vasopressin; Penner and Bern- 
heim?? did the same in dogs by means of 
intraperitoneal injections of adrenaline, and 
both Navasquez!* and Trueta et al.?* produced 
the disease in rabbits by intravenous injections of 
staphylococcus toxin. 

It is universally agreed that necrosis is of 
ischemic origin and that it is not due to multiple 
emboli (Duff and Murray’). Trueta et al.? and 
Sheehan and Moore?? consider that the releasing 
mechanism must be a prolonged spasm in the 
interlobular arteries about 0.5 to 1 mm. from their 
origin from the arciform arteries; thus the 
juxtamedullary circulation would not be in- 
volved by the necrosis. Thromboses often occur 
in these arteries but they are considered 
secondary. 

Several authors®:*:!7.22.24 have maintained that 
they have been able to diagnose the disorder 
clinically, after which the patient recovered. 
Clinically, the picture can hardly be distin- 
guished from other forms of acute anuria; 
consequently it is not possible to establish a 
definite diagnosis without kidney biopsy. As far 
as we have been able to judge (and according to 
Trueta et al.) it seems that the diagnosis has 
hitherto been established with certainty only at 
autopsy. 

With regard to differential diagnosis, acute 
pyelonephritis, urolithiasis with reflex anuria, 
acute glomerulonephritis and acute tubulo- 
interstitial nephritis must be considered. Signs 
characteristic of bilateral cortical necrosis in- 
clude bilateral lumbar pain of sudden onset, 
oliguria-anuria, macroscopic hematuria, fever 
and absence of dysuria, pollakiuria and pain 
radiating to the region of the bladder. With 
regard to the other possibilities, cystoscopy, 
direct pyelography, renal arteriography and 
especially kidney biopsy will be decisive. 

As the greater part of the glomeruli become 
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necrotic, as in our case, it will undoubtedly 
prove to be characteristic that renal function is 
resumed slowly during treatment with dialysis 
and that it can be restored only to a limited 
extent. In spite of the small number of glomeruli 
present in the second kidney biopsy specimen it 
is interesting to note that the ratio between com- 
pletely destroyed and preserved glomeruli 
correspond well to the level of renal function 
when treatment had been concluded. This was 
about 15 to 25 per cent of normal. (Chart 1.) It 
would be reasonable to assume that in this 
respect bilateral cortical necrosis differs from 
acute tubulo-interstitial nephritis. 

Bilateral cortical necrosis is a clinical counter- 
part to partial corticectomy performed on rab- 
bits by Bing.? In Bing's laboratory, Sonder?* 
has performed bilateral corticectomies in rab- 
bits after renal hypertension had been estab- 
lished in advance by Goldblatt’s method. 
Sønder showed that when partial corticectomy 
was carried out in early hypertensive animals 
with a duration of hypertension up to forty days, 
it was followed by a prompt and lasting fall in 
blood pressure. In our case hypertension did not 
develop during the acute phase of the disease and 
did not appear within 9 months after the onset 
of the disease. 


SUMMARY 


Three cases of acute oliguria-anuria are re- 
ported in which kidney biopsy was of great 
importance in proper interpretation. 
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Studies in Serum Proteins’ 


Agammaglobulinemia in the Adult 


IrvinGc I. Younc, M.D., WILLIAM Q. WOLFSON, M.D. and CLARENCE COHN, M.D. 
5 ; 


Detroit, Michigan 


GAMMAGLOBULINEMIA, the 
both plasma and extravascular gamma 
globulin, has recently been found to 

be associated with unusually poor resistance to 
infection in certain patients.! The defect, which 
may be congenital or acquired, is more pre- 
cisely described as a total lack of immuno- 
globulins since the antibody portion of the 
beta-2 globulins is absent as well as the gamma 
globulins, and the defect involves not only 
acquired antibodies but also such normal in- 
herited antibodies as plasma hemagglutinins. 
The deficiency appears to be the direct result 
of an inability to synthesize immunoglobulins 
since in some such patients administered gamma 
globulin has been shown to have a normal or 
prolonged half-life. 

Agammaglobulinemia is accompanied by a 
high mortality and a high incidence of repeated 
acute and later chronic infections of lung, liver 
and gastrointestinal tract. It is therefore not 
surprising that the majority of patients described 
to date have been children, carefully studied by 
Janeway and his associates.” These cases were 
believed to represent a congenital form of the 
disease with sex-linked inheritance, since all 
affected children were males. However, a 
rapidly increasing number of reports of agam- 
maglobulinemia in the adult are appearing, 
representing both the congenital and acquired 
forms of the syndrome.? '"" Agammaglobuline- 
mic females are included among these cases. 
One patient, who will be discussed in the present 
report, was briefly mentioned some years ago.!! 

The diagnosis of agammaglobulinemia can be 
easily made because the clinical manifestations 


absence of 


are highly suggestive and, once the possibility 
has been considered, simple laboratory tests 
quickly establish or refute the diagnosis. The 
disease provides an excellent example of the 
value of the pathophysiologic approach since its 
many clinical and laboratory characteristics mav 
be deduced from a knowledge of the basic defect. 

Agammaglobulinemia should be suspected 
when there is: (1) A history indicating grossly 
inadequate resistance to infection. Such patients 
usually give a history of repeated acute episodes 
of pneumonia, otitis media, meningitis, hepatitis 
and enterocolitis. Bronchiectasis, chronic hepati- 
tis or sprue-like syndromes may be fully devel- 
oped when the patient is first seen. (2) Failure 
to develop clinical immunity or expected labora- 
tory evidence of antibody production after 
adequate antigenic stimulus. There may be a 
definite history of two attacks of a disease which 
normally confers permanent immunity, such as 
rubella or mumps. Before, during and after an 
infection with a known specific organism no 
significant titer of antibody is demonstrable in 
the serum. Furthermore, no antibody response 
follows challenge with known potent antigens. 
Skin tests of the tuberculin type remain negative 
and the Schick and Dick tests are persistently 
positive. (3) An unexpectedly normal result 
with a laboratory test which depends upon 
abnormalities in serum gamma globulin. The 
thymol turbidity, cephalin-cholesterol floccula- 
tion and colloidal gold flocculation tests are 
normal although the patient’s status suggests 
they should be abnormal. The Kunkel “gamma 
globulin” is low when normal or high values 
would be expected, and the Howe A/G ratio is 
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high when normal or low values would be 
expected. (4) An absence of normally inherited 
plasma isohemagglutinins. 

Diagnosis is established by demonstrating the 
absence of serum gamma globulin by specific 
chemical or electrophoretic technics. 


METHODS AND SUBJECTS 


Clinical studies in Cases ri and iv were carried 
out at the Michael Reese Hospital, in the 
former instance with the cooperation of Dr. 
Boris B. Rubenstein, and in the latter with the 
cooperation of Dr. Norman F. Boas and the late 
Dr. Henry S. Guterman. 

Serum protein patterns were obtained by the 
chemical micromethod of Wolfson and Cohn, '* 
by filter paper electrophoresis employing ap- 
paratus and technics developed in this labora- 
tory, ‘* and by free electrophoresis in the Aminco- 
Stern (Case iv) or Perkin-Elmer (Case 1) 
instrument. * Free electrophoresis was conducted 
in barbital buffer, pH 8.6, ionic strength 0.1. 
For paper electrophoresis the buffer had the 
same pH but the ionic strength was 0.05, and 10 
per cent of ethanol (v/v) was added to inhibit 
mold and adsorption. Electropapergrams were 
dried in an oven at 100°c., fixed in bichloride 
of mercury and simultaneously stained with 
bromphenol blue. Excess bromphenol blue was 
then removed by exhaustive washing in 0.5 per 
cent aqueous acetic acid, the paper dried in an 
oven and the indicator dye converted to the 
blue form by exposure to ammonia. The electro- 
papergram was then scanned either with a 
Gamma 1 scanning photometer or with the 
Wolfson-Skinner strip-scanning adapter for the 
Beckman DU spectrophotometer. The result- 
ing curves were measured planimetrically in the 
usual manner. Other chemical determinations 
employed routine current laboratory technics. 


CASE REPORTS 


The typical history of an agammaglobulinemic 
patient is a stormy one and is well illustrated by 
Case 1, which will therefore be presented in some 
detail. 

Case r. The history prior to study in this 
Unit is best summarized chronologically as 
follows: Age one to three years, apparently 
normal; four years, bilateral purulent otitis 


* For the free electrophoresis analyses we are indebted, 
respectively, to Dr. Ivan F. Duff of University Hospital, 
Ann Arbor, Mich., and to Miss Miriam Reiner of Mount 
Sinai Hospital, New York, N. Y. 
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media, many exacerbations in subsequent years; 
five years, scarlet fever; seven years, varicella, 
rubella, pertussis and acute mastoiditis; ten 
years, suppurative cervical adenitis, polio- 
myelitis; eleven years, suppurative cervical 
adenitis, infectious hepatitis, lobar pneumonia: 


TABLE I 
SERUM PROTEINS IN AGAMMAGLOBULINEMIA, ILLUSTRATING 
THE CHARACTERISTICALLY HIGH HOWE A/G RAT:OS 

















True | Howe 
A/G A/G 
Ratio | Ratio 
| 
Agammaglobulinemia 
RO MITIS 3.3 13.4 
OUO i oe ee ae ee eee 1.6 3.5 
LOUP DU ova oe de ok ve cok esas 3.1 10.3 
LO TW orat adeb prd 1.3 4.8 
Normal adult | 
Average value. liuc llle rese era 1.2 2.3 








twelve years, rubella, lobar pneumonia; thirteen 
years, lobar pneumonia, suppurative cervical 
and inguinal adenitis, diagnosis of bronchiectasis 
established; fourteen to seventeen years, many 
episodes of pneumonia; seventeen years, opera- 
tion for chronic sinusitis; eighteen years, two 
attacks of lobar pneumonia, lobectomy for 
severe symptomatic bronchectasis; nineteen 
years, four attacks of lobar pneumonia, purulent 
meningitis, diagnosis of hepatic cirrhosis estab- 
lished; twenty years, two attacks of lobar 
pneumonia. Throughout these twenty years he 
also had a multitude of minor infections and ill 
defined febrile episodes. The diagnosis of 
agammaglobulinemia was made in September, 
1953, when the patient entered the City of 
Detroit Receiving Hospital because of lobar 
pneumonia. 

The patient’s parents, sister and four brothers 
were living and well. One brother had died at 
the age of one, apparently of pneumonia. 
Physical examination disclosed a chronically ill 
and somewhat underdeveloped white male. He 
was 67 inches tall and weighed 118 pounds. He 
had chronic bilateral otitis media, exten- 
sive bronchiectasis of the right lower lobe, 
hepatosplenomegaly and generalized shotty 
lymphadenopathy. 

Table 1 summarizes the pertinent laboratory 
findings. Needle biopsy of the liver disclosed 
early portal cirrhosis without lipidosis. A lymph 
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node biopsy revealed normal node architecture 
with mild reactive reticulum cell hyperplasia. A 
bone marrow study showed no significant 
abnormalities. Chemical fractionation of the 
serum proteins and paper electrophoretic studies 
disclosed a total absence of gamma globulin. 


(Fig. 1.) 
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Fic. 1. Agammaglobulinemia; serum protein frac- 


tionation studies. 


CASES Il, HI AND Iv. These three adult males 
with proved agammaglobulinemia ranged in age 
from twenty-six to thirty-three years. All had had 
frequent infections since early childhood, with 
bronchopulmonary involvement predominating. 
One had definite bronchiectasis. Attempts to 
detect an antibody response to administered 
antigens were uniformly unsuccessful. Howe 
A/G ratios were all unusually high. Chemical 
fractionation of the serum proteins by the 
method of Wolfson and Cohn, by classical 
Tiselius electrophoresis, or by paper electro- 
phoresis disclosed an absence of circulating 
gamma globulin. (Table rt, Fig. 1.) 


RESULTS 


Protein Fractionation Studies in Patients with Agam- 
maglobulinemia. Figure 1 shows the complete 
absence of gamma globulin from the sera of all 
these patients. The beta-2 globulin concentra- 
tion, although somewhat difficult to estimate by 
paper electrophoresis, clearly was low in Cases 
1 and irr. Other fractions show only those abnor- 
malities anticipated from the patients’ clinical 
status. High serum alpha globulin would be 
expected because of the presence of chronic 
suppuration in Cases 1, m1 and 1y and because of 
recent acute infection in Case 1. Hypoalbumin- 
emia in Case iv was found shortly before the 
patient died of chronic suppurative pulmonary 
disease. Apparently, the primary changes in 
serum proteins involve only the beta-2 and 
gamma globulin fractions, a finding consistent 


TABLE I 
PERTINENT LABORATORY FINDINGS IN CASE I 


Serum total proie... osos or e eos 6.55 gm. % 
Howe serum albumin................. 6.10 gm. % 
Howe serum globulin................. 0.45 gm. % 
Howe “A JG valid 6s cs és 08 esos cens 13.4 

Serum bilirubin. . oo sons a we ros 0.4 mg. % 
Urine DUDIN, ise Ra rh X on ak de wus Negative 
Urine urobIl BOR «resi a iet irme Negative 
vois d - AERE Positive 
DCCC $egbsia sender oed s Negative 
Cephalin flocculation test.......... . Negative 


Kunkel gamma globulin test............. 
45-minute bromsulfalein retention........ 
Serum gets fo yc) i ee E eee aie 250 mg. % 


Blsod hemoglobini «2. e or os 14 gm. % 
Blood urea nitrogen... osuere 14 mg. % 
Congo Red desk. .odosocsc er Rr RR ERA Negative 
Bland TIDE ioc ko d bx dE R6 A1 


Anti-b and anti-a» plasma isohemagglutinins Absent 











NOU PADEE (ipsae air Kara d adde bs 
Fanen ABB. a 625 ok he 0S is £r C RR ema 
Patient, Lo oy | gus uoan Gea roe Sai adu duce ER Re 





Total Leukocytes 


5.000—10,000 
9.100 
19,800 


Granulocytes | Lymphocytes + Monocytes 
3,000—5,800 1,785-3,500 
4,368 4,550 
16,434 3,168 
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with their postulated special function and their 
site of synthesis. 

Howe Fractionation Values in Agammagiobulin- 
emic Patients. When sodium sulfate is added to 


serum in an amount sufficient to give a final 
concentration of 21 per cent, a portion of the 
In this original 


serum proteins precipitates. 





patients with this disorder the numerator 
will have its normal value; but even if albumin 
is reduced, as in Case iv, the rise in alpha 
globulin concentration which is usually asso- 
ciated with a fall in albumin will tend to 
minimize any decrease in the numerator. The 
patient with agammaglobulinemia therefore has 
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Fic. 2. Serum protein fractionation studies on the family of the patient in Case 1, demonstrating hypergamma- 


globulinemia in two members. 


technic of Howe the protein precipitated is 
designated ‘‘globulin,’’ while that still in solu- 
tion is termed *albumin." However, the 
"albumin" of the Howe method actually in- 
cludes both the true albumin and part of 
the alpha globulin as estimated by the Wolfson- 
Cohn chemical fractionation procedure or by 
free or paper electrophoresis. The “globulin” 
of the Howe method includes largely the beta 
globulin and the gamma globulin of modern 
methods. 

From these considerations it is apparent that 
the **albumin"/*'globulin" (A/G) ratio ef the 
Howe method approximates 


albumin plus alpha globulin _ 
beta globulin plus gamma elobulin 


as estimated by the Wolfson-Cohn chemical 
fractionation or by electrophoresis. In agam- 
maglobulinemia the denominator is small 
because of the absence of the gamma globulin 
component and the reduced beta-2 globulin 
devoid of immunoproteins. In relatively healthy 


AUGUST, 1955 


39 p 


a high Howe *albumin"/*globulin" ratio 
because the numerator is elutivdio normal 
while the denominator is greatly reduced. In 
three of the cases herein reported the routine 
laboratories processing the Howe fractionation 
values suspected laboratory error because the 
A/G ratios were so high. 

Protein Fractionation Studies in Unaffected Rela- 
tives of Patients with Agammaglobulinemia. Serum 
proteins were examined in unaffected relatives 
of two of our patients (Cases 1 and m1), and in a 
number of the patients studied by Janeway and 
associates.'* Abnormal patterns have been found 
only in the family of our Case 1. His mother and 
one of his brothers both showed marked hyper- 
gammaglobulinemia and hyperbeta-2-globulin- 
emia, which could not be explained clinically. 
(Fig. 2.) 

Other Findings in Agammaglobulinemic Patients 
Which Suggest Absent Circulating Gamma Globulin 
or Antibody. Naturally occurring plasma iso- 
hemagglutinins were absent in Case 1 and in 
patients studied by Bruton and Janeway. Since 
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these substances are known to be beta-2 globu- 
lins, their absence correlates well with the 
electrophoretic finding of a low beta-2 globulin 
value. All reported patients have been blood 
types A or O but, because of absent isohemag- 
glutinins, all are presumably universal recipients. 
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Fic. 3. Case 1. Half-life of administered human 
gamma globulin; normal values are based on the 
half-life of I-131 labeled gamma globulin. Recent 
evidence indicates that such values are probably low. 
Therefore, the half-life of the unlabeled gamma 
globulin administered to this patient is probably not 
abnormally prolonged. 


Another anticipated observation is the failure 
of intercurrent disease, particularly liver disease, 
to produce abnormal protein flocculation tests, 
because all appear to require some elevation or 
abnormality of gamma globulin before they 
become positive. This is well illustrated in Case 
1. (Table 1.) Patients with agammaglobulinemia 
do have erythrocyte sedimentation rates con- 
sistent with their state of health or illness 
because fibrinogen, the chief plasma protein 
determinant of the sedimentation rate, shows 
its usual increase in response to illness or injury. 

Defective Response to Antigenic Challenge. Agam- 
maglobulinemic patients are incapable of re- 
sponding to antigen by producing specific 
antibodies, whether the antigenic stimulus is a 
naturally occurring disease or a purified 
antigen. 'The common skin tests do not change 
after appropriate stimulation with antigens. 
Three patients of this series (Cases 1, 1 and 111) 
produced no circulating antibody after repeated 
administration of typhoid vaccine. The Schick 
tests were positive. The tuberculin test was nega- 
tive in Case r. In the cases reported by Bruton 
and Janeway there was no antibody response to 
administered pneumococcal polysaccharide or 
typhoid vaccine. In one case no complement- 
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fixing antibodies for mumps could be demon- 
strated in the serum twenty-two days after a 
typical attack. Schick tests were noted to remain 
positive in spite of repeated administration of 
diphtheria toxoid. This phenomenon is responsi- 
ble for a characteristic clinical feature of the 
syndrome, namely, the occurrence of more than 
one attack of a disease which normally confers 
lasting immunity, such as mumps, pertussis 
and measles. 

The response to vaccination is unanticipated 
and forms almost the only finding in agam- 
maglobulinemic patients which is at all incon- 
sistent with expectation. Janeway et al.” have 
indicated that a primary take" may be obtained 
and that if such a patient is revaccinated an 
accelerated reaction indicative of partial im- 
munity may be seen. This, of course may repre- 
sent a type of adaptation not involving im- 
munoglobulin formation and, if so, suggests the 
presence of previously unrecognized factors in 
resistance to infectious disease. 

Blood Lymphocyte Counts and Lymph Node 
Histology. Experimental studies have suggested 
that fixed tissue lymphocytes either may become 
liberated as blood lymphocytes or, while still 
located in the lymphoid tissue, may undergo 
cytolysis and give rise to blood antibodies by 
shedding their surface protein film. It has been 
suggested that the relative rates of these two 
processes is dependent upon adrenal glyco- 
corticoids, higher levels favoring the cytolytic 
process. !? 

In Cases rt, m and iv peripheral blood lympho- 
penia was persistently present, the absolute 
lymphocyte counts ranging from 798 to 1,117 
per cu. mm. The absence of associated eosino- 
penia or neutrophilic leukocytosis clearly showed 
that an increased level of adrenal corticoids was 
not the cause of this lymphopenia. Its probable 
origin was indicated by the changes found in the 
lymph nodes of two of these patients. In both, 
the nodes appeared markedly hypoplastic and 
severely deficient in tissue lymphocytes (lympho- 
blasts). By contrast, the remaining apparently 
intact reticular framework was unusually promi- 
nent. Janeway and Bruton have examined nodes, 
selected from a number of regions, and have 
found either a similar deficiency of tissue 
lymphocytes or an absence of germinal centers. +6 
Either finding suggests diminished lympho- 
poiesis, since the prominence. of the germinal 
center is believed to be an index of the rate of 
lymphocyte formation. ‘Thus in these patients it 
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would appear logical to explain the absence 
of gamma globulin, the blood lymphopenia 
and the quantitative lack of tissue lymphocytes 
seen at biopsy or implied by the absence of 
germinal centers as due to greatly reduced 
lymphopoietic activity. Because this view fails to 
explain why there should be a relative deficiency 
of blood lymphocytes and a complete absence 
of blood immunoglobulins, it would seem that 
defective release of antibody from templates 
must also be postulated. 

In Case 1, however, the peripheral blood 
lymphocyte count was in the high normal range 
when the patient was afebrile, and during infec- 
tions it changed in the normal manner. Several 
lymph nodes and diffuse lymphoid tissue from 
the Waldeyer ring area of the nasopharynx 
were found to be normal except for some sinusoid 
dilatation and reticulum cell hyperplasia in these 
dilated sinusoids. 

The agammaglobulinemia of Case 1 was quite 
as complete as that of the other patients in 
spite of normal-appearing lymphoid tissue. 
Since no evidence of slowed lymphopoiesis 
could be found, this patient in contrast to the 
others described, may have some qualitative 
disturbance in the protein-synthesizing mecha- 
nism of his tissue lymphocytes. This interpreta- 
tion is supported by the isolated hypergam- 
maglobulinemia observed in persons whose 
relationship makes it plausible to assume that 
they are heterozygous carriers of a recessive 
gene which produces agammaglobulimemia 
without lymphopenia in a homozygote. 

Absence of Effect of ACTH and Other Medications 
on Serum Proteins and Peripheral Blood Counts. 
ACTH was administered to one patient with the 
lymphopenic type (Case 11) and one patient with 
the non-lymphopenic type (Case 1) of agam- 
maglobulinemia. One patient with each ef the 
types of agammaglobulinemia responded to test 
doses of ACTH with normally intense eesino- 
penia and lymphopenia. Following intensive 
courses of treatment with ACTH gel for seven 
to eight days, no detectable amounts of gamma 
globulin were noted. Neither relative corticoid 
deficiency nor excess seems to provoke or relieve 
agammaglobulinemia of either type. 

Because hypogammaglobulinemia has oc- 
curred in experimentally induced pyridoxine 
deficiency in animals, large doses of pyridoxine 
(100 mg./day), with and without whole vitamin 
B complex, were administered for prolonged 
periods to two patients (Cases 1 and 11) without 
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effect. Large amounts of desoxyribonucleic 
acid were fed to one patient because of the 
work of Dustin!’ who found that it caused thymic 
and lymphatic hyperplasia. No significant 
change was noted. 

Rate of Disappearance of Administered Human 
Gamma Globulin in Agammaglobulinemia. ‘The 
half-life of administered gamma globulin in 
several children with agammaglobulinemia was 
reported to range from twenty to thirty days,'* 
values slightly longer than normally found in 
children. Figure 3 demonstrates the apparently 
prolonged half-life of homologous gamma globu- 
lin in Case 1. In Case rr the rate of disappearance 
of administered gamma globulin was found to be 
within the normal range for adults. These obser- 
vations exclude rapid catabolism of gamma 
globulin as an explanation for this syndrome. 
They also suggest that as plasma-globulin levels 
fall the relative amount utilized per unit time 
decreases. 


DISCUSSION 


Physiologic Basis of Therapy in Agammaglobulin- 
emia. Normally about 13 per cent of the total 
serum protein consists of gamma globulins, 
chiefly immunoproteins, together with a con- 
siderable quantity of ‘“‘non-specific’” gamma 
globulin of as yet unknown significance. Cer- 
tain antibodies, including blood group iso- 
hemagglutinins, typhoid “O” agglutinins and 
true Wassermann reagin are also found in the 
beta-2 globulin fraction.!5 The normal adult has 
approximately 25 gm. of circulating gamma 
elobulin in dynamic equilibrium with an equal 
quantity of extravascular gamma globulin.'? 
The serum level of gamma globulin appears to 
be closely related to adaptive processes. It is 
relatively high at birth, presumably due to 
transplacental transmission of antibodies, falls 
for several months, and thereafter rises slowly 
as the individual comes into contact with 
immunizing diseases. Adult levels are not 
reached for over two years. 

The half-life of gamma globulin, as deter- 
mined by the administration of homologous 
I-131 labeled gamma globulin,* is 13.1 + 2.8 
days in adults, and somewhat longer in children, 
20.3 + 4.1 days.?? The normal adult, therefore, 
apparently catabolizes about one-thirteenth of 


* The validity of values obtained by this method has 
recently been questioned. Armstrong et al. have reported 
turnover times of nineteen to twenty-three days using 
S55.labeled yeast (J. Lab. & Clin. Med., 44: 762, 1954). 
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his 50 gm. of gamma globulin, approximately 
3.8 gm., each day. 

Replacement therapy with human gamma 
globulin has been reported effective in control- 
ling the principal manifestations of this syn- 
drome. Affected children have been maintained 
free of sepsis on weekly injections of gamma 
globulin and prophylactic penicillin.?* It is 
apparently neither necessary nor practical to 
achieve normal blood levels of gamma globulin 
to prevent infection. Gitlin has noted that levels 
of only 100 to 150 mg. per 100 ml. are effective." 
This is fortunate since it may be calculated that 
an adult would require about 25 cc. of the 
commercial 15 per cent gamma globulin solution 
per day for complete replacement. The material 
cannot be administered intravenously because 
of severe hypotensive reactions, and intra- 
muscular injections of over 20 ml. are prone to 
cause chills, fever, myalgia and faintness. Since 
the virus of homologous serum jaundice is not 
associated with the gamma globulin fraction, 
there is little danger ofserum hepatitis, even with 
prolonged administration. 

Site of Origin of Immunoglobulins. ‘The existence 
of a disorder in which immunoglobulins are 
absent and other serum proteins are unaffected 
indicates a special site and mechanism for 
synthesis of immunoglobulin. The lymph nodes 
and spleen are known to be important sources of 
antibodies but the specific cell type which forms 
antibodies has not been established with cer- 
tainty. Despite much investigation, various 
workers favor reticuloendothelial cells, immature 
tissue lymphocytes, plasma cells or several of 
these as the synthesizing organ.?^ * Simultaneous 
absence of immunoglobulins and evidence of 
slowed lymphopoiesis in one group of patients 
favors the immature tissue lymphocyte; how- 
ever, the existence of a non-lymphopenic type of 
agammaglobulinemia shows that all factors are 
not yet known. 

Differential Diagnosis of Hypogammaglobulinemia. 
A subnormal level of plasma gamma globulin 
results from a disproportion between its rate of 
synthesis and the rate at which it is utilized. 
Once the rate of synthesis becomes less than the 
rate of utilization, the level would fall to zero 
unless the decrease in concentration also brought 
about a diminished rate of utilization. The 
prolonged half-life of injected gamma globulin 
in agammaglobulinemic subjects suggests that 
utilization is slower at low levels. 

A subnormal rate of gamma globulin synthesis 
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may occur when normal lymphoid tissue receives 
an insufficient supply of precursors or when 
a normal precursor supply is delivered to hypo- 
functioning lymphoid tissue. Knowledge of the 
precursors of gamma globulin is relatively 
incomplete. Within wide limits, synthesis is not 
critically dependent upon protein intake in nor- 
mal subjects. In certain rare patients believed to 
have a selective type of hepatic dysfunction,?? 
hypogammaglobulinemia even at high levels of 
protein intake has been described. Apparently, 
the liver makes some unknown metabolite 
essential for subsequent formation of gamma 
globulin by lymphoid tissue. This essential 
metabolite would appear always to be in limited 
supply, since hypogammaglobulinemia may 
occur when an abnormal protein is produced 
at a rapid rate (v. seq.), even though the lymph- 
oid tissue is histologically normal. In suitably 
designed animal experiments, hypogamma- 
globulinemia may be induced by deficiency of 
pantothenic acid or pyridoxine or by the 
pyridoxine antagonist, desoxypyridoxine.?* The 
required degree of deficiency is severe and 
clinical hypogammaglobulinemia has never 
been shown to result from a deficiency in either 
of these two vitamins, which are essential in co- 
enzymes of protein synthetic processes. 
Hypogammaglobulinemia which results from 
a deficient supply of precursors is never com- 
plete; and since minimal levels of functionally 
active immunoglobulins apparently suffice for 
normal resistance, unusual susceptibility to 
infection is not prominent in the disorders just 
cited. The major symptoms are usually edema 
and ascites, the result of an associated diminu- 
tion in the synthesis of plasma albumin. The 
avalable but still scanty data are consistent 
with the expected normal or prolonged half- 
life of injected gamma globulin or albumin. 
Hypogammaglobulinemia is not uncommonly 
seen in multiple myeloma with a beta globulin 
or M-component abnormality, and may well 
be due to diversion of gamma globulin pre- 
cursors for the synthesis of the abnormal com- 
ponent. The electrophoretic pattern of an 
unusual case of apparent agammaglobulinemia 
associated with an M-component myeloma is 
presented in Figure 4. The patient had a his- 
tory of many bouts of sepsis, particularly pneu- 
monia, since the onset of the disease. He failed 
to develop antibodies in response to typhoid 
vaccination, and the tuberculin and histo- 
plasmin skin tests were negative. However, 
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Fic. 4. Case 1. Electropapergrams of 5 sera, illustrating gamma globulin abnormalities. A, gamma myeloma, the ab- 
normal gamma globulin fraction consisting almost entirely of cryoglobulin; B, hypergammaglobulinemia in a case of 
disseminated lupus erythematosus; C, normal serum; D, M-component myeloma with agammaglobulinemia, the 
abnormal globulin consisting largely of pyroglobulin; E, congenital agammaglobulinemia. Transverse line indicates 


point of application of serum. 


isohemagglutinins were present in the serum, 
indicating that the immunoglobulin-synthesiz- 
ing defect was not inherited or complete. 

Given an adequate supply of essential pre- 
cursors, deficient production of gamma globulin 
may still occur if the lymphoid tissues function 
inadequately. The total mass of the synthesizing 
tissue may be greatly reduced by cancerous 
replacement, by radiation damage or by cer- 
tain radiomimetic chemicals, notably benzol 
and nitrogen mustards. A quantitative defect 
in lymphoid structures may also be congenital, 
as is probably true of Cases 11, m1 and tv in this 
report. In addition, the data in this paper sug- 
gest that more subtle qualitative hypofunction 
of lymphoid structures may occur (Case 1). 

Hypofunction of the lymphoid structures con- 
cerned in gamma globulin synthesis is not 
ordinarily associated with a similar disturbance 
in albumin formation, so that ascites and edema 
are not an integral part of the symptomatology. 
It may, however, lead to complete agamma- 
globulinemia with its characteristic clinical 
picture. In these disorders, the half-life of 
injected gamma globulin is normal or prolonged 
and, if agammaglobulinemia is present, complete 
failure of synthesis is shown by the absence of an 
antibody response to antigenic challenge. 
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Abnormally rapid loss of gamma globulin 
from the plasma is the most common cause of 
clinical hypogammaglobulinemia. In the ne- 
phrotic syndrome there is excessively rapid 
transcapillary loss of gamma globulin, with a 
parallel loss of albumin, in the urine. Hypo- 
gammaglobulinemia as well as hypoalbumi- 
nemia has also been described in rare cases of 
familial idiopathic dysproteinemia,?? an inter- 
esting disorder resembling the nephrotic syn- 
drome but without renal abnormalities. 

Other theoretic causes for an increased rate of 
gamma globulin removal include fixation in 
antigen-antibody reactions and an increased rate 
of protein catabolism. The fall in plasma gamma 
globulin often seen in Cushing's syndrome and 
reproducible in normal adults with corticotropin 
may result from an increased rate of protein 
catabolism, overshadowing a less marked in- 
crease in the rate of gamma globulin synthesis. 


SUMMARY 


Agammaglobulinemia is a syndrome which 
may be due to congenital or acquired factors. 
The clinical manifestations are readily explained 
by failure of immunoglobulin synthesis due to a 
defect in the synthesizing tissues. Such patients 
have a history of grossly inadequate resistance 
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to infectious disease, and fail to produce anti- 
bodies in response to natural or artificial 
antigenic challenge. 

Four cases of adult agammaglobulinemia are 
described. All patients were men. In three cases 
agammaglobulinemia was associated with a 
quantitative deficiency in tissue and peripheral 
blood lymphocytes, and relatives were appar- 
ently unaffected. One patient had no apparent 
lymphocyte abnormalities, and relatives of 
both sexes manifested hypergammaglobulinemia. 

'The disorder is readily diagnosed by serum 
protein electrophoresis or chemical fractionation 
studies and is believed to be amenable to 
specific replacement therapy with human 
gamma globulin. 
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Studies of Ulcerative Colitis” 
III. The Nature of the Psychologic Processes 
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psychosomatic hypotheses concerning ulcer- 
ative colitis in terms of their consistency 
with data available as to the nature of the 
somatic processes.!?:2? It was concluded that the 
anatomic and functional locus of the disease 
is the lining surfaces (mucosa and submucosa) 
of the colon and ileum, and that the nature of 
the process more closely resembles a reaction to a 
microscopic or molecular-sized noxious agent 
than a bolus-sized agent. Evidence was pre- 
sented to show that the primary reaction is at 
this level of tissue organization, with hyper- 
emia, edema, exudation and secretion as 
prominent components, while the behavior of 
the colon as a whole, as reflected in the character 
of the bowel movements, diarrhea or constipa- 
tion, is dependent upon the location and severity 
of the local reaction. When the surface reaction 
is restricted to rectum or rectosigmoid, constipa- 
tion is the rule, whereas when the process in- 
volves proximal bowel or extensive segments of 
bowel, diarrhea is usual. Such relationships are 
most readily detected at the inception of the 
disease and, once bowel has been damaged, other 
factors influence symptomatology in unpredict- 
able ways. In light of these facts it was con- 
cluded that none of the psychosomatic processes 
so far advanced properly identify the somatic 
processes and therefore require re-evaluation. 
In this paper I propose to examine the avail- 
able data concerning psychologic processes in 
ulcerative colitis, summarizing the literature as 
well as my own observations. In doing so I am 
influenced by the fact that few physicians have 
had or ever will have the opportunity to 
obtain this kind of information in more than a 
few patients and therefore there is a need to 


T previous papers I have discussed the various 
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bring together in one place all the facts as 
well as some indication of the number and 
variety of patients upon which such facts are 
based. The frame of reference employed is a 
broad one. In studying psychologic processes 
attention is directed to one aspect of the total 
functioning of the human being, that which can 
be examined by psychologic means and ex- 
pressed in psychologic terms. We deal with 
the observable phenomena of intrapsychic and 
interpersonal processes, including ontogenetic 
aspects. This material is then analyzed for any 
consistent patterns in this group of patients as a 
whole, as well as in relation to exacerbations and 
remissions 5f the pathologic processes in the 
colon. No assumption is made that such cor- 
relations have etiologic significance. We are 
at this tims attempting only to establish the 
existence ard nature of conditions which may be 
contributory or even necessary yet may not be 
sufficient in themselves for the development of 
ulcerative colitis: We do not concern ourselves 
here with the problem of psychogenesis in the 
sense of psychologic processes causing ulcerative 
colitis. This kind of a study may be compared 
to the epidemiologic approach to malaria, in 
which information about geography, climate, 
breeding conditions of mosquitoes, the life cycle 
of the mosquito, the conditions necessary for 
survival of the malarial parasite, the conditions 
necessary for the transmission of the parasite 
from vector to human host and back again, 
the factors cf host resistance, and many others all 
combine to define the conditions necessary and 
sufficient for the development of the disease 
malaria. The identification and elucidation of 
any one condition represents an important 
advance in the understanding of the disease 


* From the Departments of Psychiatry and Medicine, University of Rcchester School of Medicine and Dentistry, 
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but does not **explain" pathogenesis or establ:sh 
etiology. Similarly, psychologic study of patients 
with ulcerative colitis represents but one step in 
the clarification of conditions necessary, but not 
necessarily sufficient, for the development of the 
disease. Whether or not such an approach will 
prove fruitful in the study of any particuiar 
disease entity cannot be established until the 
study has been carried out. ?*?4 

The matter of significance must also be dis- 
cussed here. The fact that certain phenomena 
are observed consistently, or even commonly, in 
a group of patients justifies their further study. 
Critics of the psychologic approach often dismiss 
as of no significance the observation that some 
psychologic event commonly precedes the 
development of an organic process by pointing 
out that many people experience the same 
kind of psychologic event without developing 
the disease, and therefore the two cannot be 
related. This, however, would be the same as 
arguing that the typhoid bacillus cannot be a 
significant factor in typhoid fever because many 
people who are exposed to the organism do not 
develop the disease. It ignores the vulnerability 
of the individual. Pettenkoffer's dramatic at- 
tempt to refute the significance of vibrio cholera 
by publically ingesting a culture of living organ- 
isms is a case in point. 

And finally it is necessary to stress the impor- 
tance of method. It is not possible to evaluate 
the importance of psychologic factors unless the 
material is examined by methods appropriate 
for that kind of evaluation. 


MATERIAL AND METHODS 


This paper is based upon examination of 
forty-four published reports of psychologic data 
in more than 700 patients with ulcerative colitis, 
plus observations in thirty-nine patients of my 
own, not all of whom were studied with the 
same thoroughness. Many of these reports rep-e- 
sent pooled impressions of a large number of 
patients, *8-55.56 while others represent single 
case reports. Of this large published material 
there are only forty-one reasonably detailed 
protocols which permit the reviewer oppor- 
tunity for examination of more primary data. 
Some papers do not mention the number of 
cases upon which the conclusions are based. And 
in many it is very difficult to know which inter- 
pretations are derived from the writer's own 
observations and which are reflections of earlier 
writings. 


No attempt will be made to review or sum- 
marize each paper. Instead I have selected for 
critical evaluation certain categories of psycho- 
logic processes and have examined the literature 
as well as my own data for material bearing on 
the phenomena under consideration. In so 
doing it was sometimes necessary to use and 
interpret data from the publications of other 
writers in ways which they did not emphasize. 


ANAMNESTIC AND PSYCHOANALYTIC STUDIES 


Anamneses vary from relatively superficial 
reports by observers with little psychologic 
training to histories obtained by psychoanalyti- 
cally trained physicians. While quite a few pa- 
tients with ulcerative colitis have been analyzed 
and considerable material is available from such 
sources, reasonably detailed protocols of psycho- 
analyses are still few. }3:14:25.38,51,52,66 The psycho- 
analytic method, however, involving as it does 
long and detailed study of the patient, clearly 
establishes that the major psychodynamic trends 
long antedate the development of clinically 
manifest ulcerative colitis. The often repeated 
assertion that the psychologic characteristics of 
these patients are the consequence of the severe 
and debilitating disease finds no support when 
patients are studied for years, including long 
periods of complete remission. 


Personality Structure 


Under this heading are grouped the more or 
less characteristic behavioral patterns of an - 
individual, the person's peculiar mode of dealing 
with psychic tension.? 

À high proportion of patients are described 
as manifesting obsessive-compulsive character 
traits, including neatness, orderliness, punctual- 
ity, conscientiousness, indecision, obstinacy and 
conformity. Along with these are often noted a 
guarding of affectivity, overintellectualization, 
rigid attitudes toward morality and standards 
of behavior, meticulousness of speech, avoidance 
of “dirty” language, defective sense of humor, 
obsessive worrying and timidity. Alexander! 
in particular has stressed the prominence of the 
so-called anal characteristics. (See references 
2, 5-0, 10; 11, 13, 17, 25, 31, 32, 34, 38, 45, 47, 
48a, 50, 51, 55-59, 64, 66, 68-71, 78, 80.) The 
deviations from this pattern are of interest. A 
few patients are conspicuously sloppy, disorgan- 
ized, dirty and unkempt—some of these are 
psychotic. 5.4!.42.80 During the active disease 
and during analysis the patient may betray an 
extraordinary preoccupation with feces which 
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contrasts with his usual fastidiousness. ?5/45,46,54,68 
Some patients are petulant, querulous, de- 
manding and provocative, but well directed 
aggressive action and clear-cut expressions of 
anger are uncommon. (See references 7, 25, 31, 
34, 35, 51, 55, 57—59, 69, 80.) Many writers 
have been impressed with the extreme sensitivity 
of these patients, their almost uncanny percep- 
tion of hostility or rejecting attitudes in others. 
They are easily hurt, constantly alert to the 
attitudes and behavior of others toward them, 
tend to brood and withdraw. Much activity is 
devoted to warding off or avoiding rebuffs, 
including placating attitudes, submission, polite- 
ness, attempt to please and conform, seductive 
behavior. Others use denial, remaining proud, 
nonchalant, haughty and aloof. (See references 
2, 5, 7, 13-17, 25, 31, 34, 35, 38, 43, 47, 48a, 55, 
57, 58, 64, 68—71, 78, 80.) | 

All observers have in various ways described 
these people as “immature.” This has generally 
referred to the prominence of dependent atti- 
tudes, to their restricted capacity to tolerate 
frustration, to their relatively low capacity to 
assume responsibility in family or work, to their 
sexual immaturity, to the restricted character of 
their relationships with people. One is less likely 
to find among patients with ulcerative colitis 
a person who was highly successful before the 
illness began. Some patients give an outward 
appearance of energy, ambition and efficiency 
but this usually proves to be a thin veneer which 
hides unreasonable feelings of inferiority, an 
acute sense of obligation, a need to achieve 
some sense of security.9 They avoid chances or 
dealing daringly with their environment. Such 
people are often admired for their virtue, 
morality and high standards. 

Although descriptions and case protocols in 
the literature leave the impression that this 
characterization of the ulcerative colitis patient 
is accurate, there are few figures of actual 
incidence. I found obsessive-compulsive char- 
acter traits to be prominent in twenty-six of 
twenty-seven patients. None, however, had a 
well developed obsessive-compulsive neurosis, 
and all showed some to considerable decrease in 
some of the obsessive-compulsive traits during 
the active illness. Twenty-three of twenty-five 
were ingratiating, placating, submissive, at- 
tempted to make an acceptable appearance, 
were very sensitive, avoided direct demands and 
had low self-esteem. The other two patients 
differed from this description mainly in being 
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more petulant, querulous and overtly demand- 
ing. Wittkower?? classified forty patients into 
three groups. Twenty-three patients were rigid 
compulsive characters with a strong sense of 
inferiority. A second group of twelve, all women, 
differed chiefly in a more overt display of stormy 


emotions, were more noisy, petulant, argumen- 


tative and exhibitionistic but in other respects 
resembled the first group. Five patients fit in no 
consistent group but showed much social 
anxiety, were shy, depressed and terrified of 
transgression. 

Comment: In recent years attempts to establish 
typical personality profiles have fallen into 
disrepute, since usually only the more manifest 
character traits are considered and dynamic 
factors are not recognized. Yet this attitude 
may go too far in underestimating the value of 
this type of data as a source of information 
indicating certain dynamic trends. With better 
understanding of the factors involved in char- 
acter formation one not only may find clues to 
common dynamics but also to factors which 
may be covariant to both the psychic and 
somatic processes. It would be misleading to say 
that the character traits here listed are specif- 
ically associated with ulcerative colitis. Most 
people with: such character traits do not have 
ulcerative colitis. But given the diagnosis of 
ulcerative colitis, the possibility of describing 
the major caaracter traits of the patient without 
even seeing him is excellent. 


Relationship with People 


Patients with ulcerative colitis also reveal a 
rather consistent pattern of relationship with 
people. On the one hand they appear to have 
a quite “dependent” relationship on one or two 
persons, on the other hand they seem to lack the 
capacity to establish warm, genuine friendships 
with others. 

In the literature this has been described in 
such terms as “‘dependence,” ‘‘overdepend- 
ence,” "infantile dependence," “abnormal at- 
tachment,” “ambivalent dependence," “parent 
controlled," “fixation on parent,” 'ísymbiotic 
relation." (See references 1, 2, 5—7, 9, 13-17, 25, 
31, 34, 35, 37, 38, 41, 43, 48a, 50, 51, 55, 57—59, 
64, 66, 68—71, 78, 80.) In most instances this 
intense relationship is with a parent or a parent 
substitute. Many of the writers point out that, if 
and when taese patients marry, the spouse often 
fulfills suck a role. Lindemann?? has placed 
particular emphasis on the key role of some per- 
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son in the psychosocial orbit of the patient. He 
describes this person as one whose presence in the 
orbit of human relationships is indispensable for 
the patient. Sperling®’ (speaking of ‘‘psychoso- 
matic? cases in general and not ulcerative 
colitis alone) described the patient as living 


“in an emotional symbiosis with one object in the 


environment, who does not have to be the actual 
mother but who somehow, in the patient’s un- 
conscious, serves the dynamic function of a 
mother figure." 

Lindemann's* reference to the role these key 
figures play in the psychosocial interactions of 
the patients points up the other aspect of the 
kinds of relationships these people have, namely, 
that they have difficulty in initiating social 
interaction except through the key figures. This 
is descriptively recorded in observations that 
these patients do not readily form friendships, 
they often are on the periphery of social groups, 
in which they feel uncomfortable and ill at ease. 
They may be shy, seclusive, stiff and formal. 
They may have many acquaintances but few 
intimate friends. Some feel distinctly estranged 
from people. 

Examination of our own clinical material as 
well as of case protocols in the literature allows 
for further delineation of the nature of the key 
relationships. One gains the impression that 
the patient lives through the key figure (ie., 
mother) and the key figure lives through the 
patient. Seen from the side of the patient, the 
patient appears to depend on the key figure as 
part of his equipment for dealing with the exter- 
nal world. This is revealed by their leaning on 
the key figure for guidance, advice and direction; 
by their reluctance to take initiative or to plan 
independent action; by their tendency to act out 
wishes, conscious and unconscious, of the key 
figure, or to live vicariously throuzh the key 
figure; by their use of this individual as a bar- 
rier against or protection from threats from 
other sources; and by their need to please and 
placate this figure and to protect her from 
anxiety or other unpleasant affects, whether 
provoked by the patient or by others. At the 
same time the patient’s attitude is a highly 
ambivalent one. The patient is extremely sensi- 
tive to, but often frustrated by, the demands of 
the key figure, but finds it impossible to re- 
linquish his own parasitic relationship. Similarly 
the demands and requirements of the patient at 
times are unmet, or only conditicnally met, 
with consequent intensification of the conflict. 
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In some instances a subordinate figure comes 
into the relationship. The function of this person 
is sometimes a buffer one, to absorb the hostility 
of the patient and of the key figure; sometimes a 
substitute one, who fulfills much of the same 
function as the original figure; and sometimes an 
auxiliary one, to please and gratify the key 
figure. The choice of spouse is frequently deter- 


. mined along such lines. 


Revealing insight into the nature of the object 
relations comes from observations of the doctor- 
patient relationship. It is a general experience 
that the patient either becomes very ‘“‘depend- 
ent" upon the physician or establishes no or at 
best a very superficial relationship. It is also 
general experience that patients who develop 
such a “dependent” relationship, whether or 
not it is consciously planned by the physician, 
do better than patients who do not. Of the 
nine patients who died among my total group of 
thirty-nine, eight were never able to establish a 
relationship with me or any other doctor con- 
cerned in their care and one had a prolonged 
relationship (four years) which was unexpectedly 
interrupted. None of these eight patients was in 
such critical condition at the time of initial 
contact that this could account for either the 
failure to relate or the death. Once a relation- 
ship has been established it is unusual for the 
patient to relinquish it and remain in good 
health. The patient may leave the doctor be- 
cause of negative transference conflicts but this is 
generally accompanied by a relapse, unless a 
substitute had already been acquired. Any 
interruption. of the doctor-patient contact, 
especially early in the relationship, is likely to be 
accompanied by some relapse of symptoms. I 
have utilized the circumstance of rather fre- 
quent one to three day trips out of the city as an 
opportunity to observe the effects of such en- 
forced separations on hospitalized patients. 
In general the response is a worsening of 
symptoms but a denial by the patient that the 
break in doctor-patient contact was of any im- 
portance to him. Eventually, with the doctor’s 
encouragement, the patient may be able to speak 
of his feelings about such separations and become 
more tolerant of them. But even under these 
circumstances it is noted that the patient may 
use realistic or magical means to maintain a 
sense of continuous contact with the absent 
physician. A telephone number and the assur- 
ance by the physician that he can be reached in - 
the distant city often suffices, even though the 
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patient never actually phones. One patient for 
a whole year carried an unfilled prescriptior 
for paregoric, feeling secure in the knowledge 
that if she could not reach me she had the 
prescription. Although such ‘situations arose 
several times, it sufficed for her to think of the 
prescription to enable her to feel she was ir 
contact with me. Consistent with this is thar 
when the patient has such a relationship. 
pharmacologically inactive preparations may 
have striking symptomatic effects, whereas dur- 
ing negative relationships the most poten: 
agents may not only be without effect but may 
provoke violent symptoms. *!:?# 


Mothers 


There is also an impressive consistency in the 
description of the mothers of patients with ulcer- 
ative colitis, although there are differences in 
how the women describe their mothers as com- 
pared to how the men do. (See references 5, 6a, 
9, 10, 13, 15—17, 22, 25, 28, 31, 34, 37, 38, 43, 44, 
46, 50, 51, 55, 57—59, 65, 67, 69.) Itis important 
to emphasize that the bulk of data on the parents 
comes from patients’ descriptions; there are no 
systematic or direct studies of parents of patients 
with ulcerative colitis, although some informa- 
tion is available from those who have worked 
with children.?5.57,53,89,68 

In general, the mothers are described as con- 
trolling and dominating. The women are mor? 
likely to think of their mothers as powerful and 
overwhelming figures, who make them fecl 
helpless and dependent. They often describe 
their mothers as cold, unaffectionate, punitive, 
rigid, strict and judgmental. The men, although 
describing similar domination, are much morz 
likely to find it acceptable and to describe their 
mothers as kind, considerate women who wor- 
ried constantly about their well-being. Despite 
these differences in attitudes of the men and 
women toward their mothers, one readily finds 
many similarities among the mothers. In ger- 
eral they are either unhappy, pleasureless, 
gloomy women, with no great zest or enjoymert 
in life, or hard driving perfectionistic women who 
are constantly dissatished with their own cr 
others’ accomplishments. They tend to be 
worrisome, complaining, pessimistic, and often 
hypochondriacal. A high proportion show 
moderate to severe obsessive-compulsive traits, a 
smaller proportion show pathologically diz- 
orderly behavior or eccentric preoccupation with 


collections of odds and ends. A few are psychotic. 
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characters or frankly psychotic, usually para- 
noid, Included among the latter are religious 
zealots with powerful feelings of right and wrong 
and hell and damnation, food faddists and self- 
righteous, self-appointed guardians of public. 
morals. Many mothers are described as having 
depressions. 

A prominent feature, described in different 
ways by many patients, is the mother’s propen- 
sity to assume the role of a martyr. This includes 
the mother (usually described by a male patient) 
who devotes herself selflessly to everyone, 
sacrifices herself, suffers humiliation and hard- 
ship, all for the health and welfare of the patient; 
the mother who displays and demonstrates her 
martyrdom to her family, mobilizing guilty 
reactions from the patient; and the mother who 
approaches religious and social martyrdom in 
her public display. One is left with the clear 
impression that the majority of the mothers are 
masochistic characters and that the relationship 
between mother and patient is very much 
determined by this. The patients appear to be 
extraordinarily “in tune" with the shifting 
dynamics of the mother’s needs, anxiety and 
guilt. This is particularly evident in the response 
to non-verbal cues. Many patients comment on 
their sensitivity to mother's sigh, look or change 
in posture or facial expression. Some patients, 
particularly the men, submit passively and 
obediently to the mother's domination, while 
others, also submitting, do so with the com- 
plaint that mother won't permit them to do 
otherwise. 

Several authors$914-17258 have been im- 
pressed with tbe unconscious gain to these 
mothers to have their children sick. Not only does 
it seem to assure complete dependence and 
submissior but also an opportunity for the 
gratification of certain sadomasochistic needs. 
The reciprocal gain for the sick patient is 
obvious. This is well illustrated by the statement 
of a twerty-two year old woman about her 
mother: “She always had to inspect and regu- 
late, so that when I became sick it was very 
gratifying to her. She took pleasure in the diet 
and was completely preoccupied with doing the 
right thing. She penetrated into all levels of 
control, even to regulate my bowel movements. 
Her health was never better than at that time." 
It is notable how many mothers insist on 
taking care of their sick adult sons or daughters 
even when there are others to do it. 

The quotation just cited also tells something 
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of the nature of the control sought by the 
mother and by the patient. Sperling®*-® uses 
the term “emotional symbiosis” to characterize 
this relationship. Some patients in analysis have 
‘actually verbalized that they feel like a physical 
appendage to mother, as if an organic unity 
existed. In many spheres of living they literally 
abdicate any sense of individuality and personal 
participation and act as a proxy for the mother, 
enjoying only what she would enjoy and forever 
seeking assurance that no transgression had 
taken place. This perhaps is responsible for the 
common description by patients of their mothers 
as “unpredictable.” It is the patient who needs 
constantly to know what mother’s needs and 
wishes are at every moment and any unantici- 
pated behavior is felt by the patient as incon- 
sistent, quixotic, impulsive and dangerous. Yet 
there is evidence to indicate that some of the 
mothers, certainly the psychotics and psychotic 
characters, truly were unpredictable and incon- 
‘sistent to a high degree. In any event the pa- 
tients’ technic to deal with mother is markedly 
colored by attempts to anticipate and fulfil 
mother's wishes, to alleviate mother's anxiety 
and guilt, and to manipulate other people and 
situations so that even outside factors will not 
upset mother. In other words, he “learns”? the 
conditions under which he will not be rejected. 

Comment: It is again necessary to emphasize 
that the bulk of the information about the 
mothers comes from the patients. It is difficult to 
know whether the consistency in the descriptions 
of the mothers and of the mother-patient rela- 
tionship is a reflection of the common psychology 
of the ulcerative colitis patients or whether it 
truly indicates a close similarity of these 
mothers. I am inclined to believe that both 
factors play a role. Sperling,9597 Prugh57,88 and 
Gerard,?* who have studied children and hence 
have made direct observations on the mothers, 
described them as rigid, inconsistent, at times 
overindulgent, at times overwhelmingly domi- 
nating, extremely ambivalent and lacking in 
maternal qualities. Sperling®® in particular 
stressed strong unconscious destructive impulses 
toward the child and her need to keep the child 
in life-long dependency for the gratification of 
vitally important bodily and emotional needs. 
Gerard emphasized also the mother’s ambitious- 
ness for her child’s achievement, pushing the 
child for independent but conforming behavior. 
The one mother I have studied directly was an 
extremely perfectionistic compulsive woman 


who warded off anxiety by demanding constant 
achievement from herself and her family, but 
especially from her oldest son, who developed 
colitis. Nonetheless, analytic observations of 
patients with ulcerative colitis leave little ques- 
tion that many of the characteristics ascribed 
to the mothers have been contributed to quanti- 
tatively, if not qualitatively, sy the patients’ 
own projections. 

The descriptions of the mothers and of the 
mother-patient relationships clearly provide 
a basis for the characteristic relationships already 
described. The “key” relationship usually is 
with the mother or a mother surrogate. 


Fathers 


It is remarkable how much less information 
is available about the fathers than the mothers. 
Many protocols barely mention the father and 
some do not refer to him at all. Among my 
patients in analytic psychotherapy far more 
time was spent by the patients on material about 
the mother. In many instances only a very 
shadowy, stereotyped picture of father was 
obtained, and that chiefly on direct inquiry. 1 


‘believe the sparsity of information about the 


father is a reflection of the lesser role played by 
the father in the development of these subjects. 
In our material as well as in the literature 
there is some difference in the descriptions of the 
fathers of the women as compared to the men. 
(See references 2, 6a, 9, 10, 13, 25, 31, 34, 35, 38, 
43, 44, 55, 69, 78.) In general women are more 
inclined to present their fathers as gentle, kind, 
passive, usually ineffective men to whom they are 
quite attached, while the men are more likely 
to describe father as brutal, punitive, threaten- 
ing, coarse and very masculine. There are a 
number of exceptions on both sides. Thus some 
of the women's initial descriptions later changed 
to indicate a more aggressive, rigid, punitive 
man. That the relationship with father also had 
sadomasochistic overtones is revealed by the 
complaints of some women, usually later in 
therapy, that the father was too lenient. Men 
patients tended to see the fathers as threatening 
and abusive to the mother, who saffered thereby, 
and with whom the patient identified. The man 
often seemed to feel that the father regarded him 
as a “sissy.” The women, on the other hand, 
often complained that the father did not ade- 
quately protect them from mother's aggression. 
The father was particularly likely to be described 
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in positive terms when he had died while the 
patient was still a child. 

Objective data on the fathers are not available 
and the impression of any consistent pattern is 
not to be found. Among them we find alcoholics, 
passive inhibited characters, psychotics (usually 
paranoid schizophrenics), eccentrics and obses- 
sive-compulsive characters. We cannot support 
Brody’s® statement that the fathers are usually 
healthy men. The important finding is that the 
father is so often so inconspicuous in the patients’ 
accounts. 


Siblings 


Of note here is only that the siblings are so 
often: described as more outgoing and un- 
inhibited (even when they are not) and as hav- 
ing a favored status with one parent. Often the 
complaint by women patients is that a brother is 
favored by mother even when he is not so con- 
siderate of mother as the patient. Men patiente 
may say a brother is more accepted by father 
because he is more masculine. 


. Sexual and Marital Adjustment 


All data available support the conclusion tha: 
the sexual development of these patients is 
inadequate. (See references 2, 7, 8, 11, 13, 15-17 
25, 31, 34—38, 43, 47, 50, 51, 55, 59, 64, 65, 67. 
69—71, 78 and 80.) In terms of overt behavior. 
interest and participation in sexual activity iz 
low. Most of the women are frigid and ever 
those who experience orgasm do so but rarely. 
A good number of men and women remain with 
little or no heterosexual experience even when 
married. The men who are not impotent have a 
rather desultory interest in heterosexual activity. 
The man often assumes a passive role in relation 
to his wife, who may be the one to initiate 
sexual activity. One sixty-one year old man had 
intercourse with his wife only three or four times 
in more than thirty years of married life, all 
within the first year. I have not yet seen or read 
of a man or a woman with ulcerative colitis who 
had enjoyed a vigorous, hearty, active sexual 
life. Many patients acknowledged a wish to bz 
fondled or cuddled, really like a child, but at the 
same time were totally rejecting any genital 
approach. 

They are prone to regard sexual activity in 
anal terms. They use terms as dirty, soiling, 
digusting, unclean, etc., and they feel squeamish 
about body contact, secretions and odors. Marry 
feel obliged to bathe immediately after a sexual 
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contact. Rigid moral standards are common. 
Such attitudes often reflect the mother’s attitude. 
Ascetic rationalizations are not infrequent. 
Latent homosexual trends are apparent among 
some of the men but I have not yet seen or read 
of an overt homosexual who developed ulcera- 
tive colitis. 

Many patients with cecostomies or ileostomies 
are observed to derive erotic gratification from 
manipulation of the stump.*-45-4664 In some 
instances, patients replace genital masturbation 
with manipulation of the stump, which shows 
tumescent responses, and then enjoy conscious 
sexual fantasies, sometimes homosexual. Other 
patients show an intense preoccupation with 
cleaning, wiping and manipulating the stumps, 
but without admission of conscious sexual feel- 
ings. It is not yet known whether this erotization 
of the artificial opening is more prominent 
among the ulcerative colitis patients than among 
others. 

The ma-ital rate is probably not different . 
among this group of patients than it is in the 
general population, although actual figures 
are not available. Among the thirty patients 
over twenty-five years old in our series, all but 
four were or had been married. In most in- 
stances the characteristics of the marital 
relationships could be predicted from the nature 
of the object relationships and sexual adjustment, 
which have already been discussed. In some 
instances the husband or wife really fulfilled the 
role of a succoring, sustaining mother. More 
often the spouse took a subordinate role to the 


mother and occasionally was the latter’s con- 


scious or unconscious choice. Not infrequently it 
was the mother-in-law, who closely resembled 
the mother, who was the real object, the spouse 
being treated more like a sibling. 


Pre-morbid Bowel History 


Although many writers have speculated on the 
significance of early bowel patterns and training 
experiences among these patients, there actually 
is remarkably little information on this point. 


|. Elsewhere we have reported that a high propor- 


tion of our patients suffered from constipation 
prior to tke development of the colitis and that 
this often had its inception in childhood. 1%? No 
reliable inzormation is available as to the age and 
character of toilet training of these patients. 
Gerard,?* reporting on eight cases among 
children, states that in all cases bowel training 
had been early and punitive. Prugh’s®® studies 
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indicate that while early and coercive bowel 
training was common among patients with 
ulcerative colitis, it was not a major factor in the 
absence of associated personality disorder. 
Lindemann‘? found a confirmed history of 
severe toilet training in only two of forty-five 
adults but many factors make the securing of an 
accurate history difficult. 

Childhood material indicative of intense con- 
flictful relations with the parents regarding 
bowel activity is prominent in the histories 
of some patients and totally absent in others. 
Thus some patients tell of the mother’s or 
father’s intense interest in and control over 
their child’s bowel movements, the punitive 
or seductive administration of cathartics or 
enemas, coprophilic and soiling acts as a child, 
bowel activity in response to parental pressure 
or conflict. (See references 2, 7, 13, 25, 31, 32, 50, 
51, 57—59, 70, 71.) Yet more published protocols 
make no mention of such material and some 
patients emphatically deny their occurrence. It 
is perhaps significant, however, that among our 
patients the longer the patient was in therapy, 
the more likely was such material encountered. 
Nonetheless, it cannot be said at this time that 
the data available indicate a verv intimate re- 
lationship between overt childhood excretory 
behavior and the occurrence of ulcerative 
colitis. Different kinds of data are necessary to 
settle this point. 


Precipitating Circumstances 


The identification of the somatic processes 
which are pathognomonic of ulcerative colitis 
makes it possible to establish more precisely the 
exact time of onset of the disease in many cases 
and thereby to examine the circumstances under 
which the disease becomes manifest. Elsewhere 
we have pointed out that the presence of blood 
in the stools is the most common initial symp- 
tom, often preceding diarrhea.!??* This is 
generally true when the disease beg:ns in the 
distal left colon, the most common initial locus. 
When the process initiates in the right or 
transverse colon, diarrhea and cramps without 
gross blood are usually the first symptoms. In 
establishing exactly the onset of the disease 
it is necessary to inquire into the Arst clear 
deviations from usual bowel activity. Many pa- 
tients are found to have had rectal bleeding 
or abrupt severe constipation for days, weeks or 
even months before diarrhea begins. When the 
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onset of disease is so established, we find that the 
time interval between a psychologically stressful 
circumstance and the onset of the first symptom 
of the colitis often is a matter of hours or a day 
or two. On the other hand there are cases in 
which the onset is rather gradual and not easily 
timed and in which one deals not with a well 
defined stressful experience but rather with a 
gradually changing psychic status, during which 
symptoms gradually and sometimes inter- 
mittently develop. (See references 2, 7-11, 13- 
15, 19, 20, 31, 35, 37, 38, 41, 44, 57, 58, 64, 66, 
70, 71, 78.) 

In our series the onset was precisely estab- 
lished in thirty patients who were also studied 
psychologically. The following kinds of onsets 
were observed.!? Ten patients noted blood as the 
first symptom, with diarrhea coming on later or 
not at all. In five of these the onset was associated 
with a discrete event concerning which the pa- 
tient was consciously disturbed and the bleed- 
ing followed within days. In one case there was 
an abrupt onset of bleeding following a New 
Year’s party, but the significance of this was not 
elucidated. ‘The bleeding began gradually in a 
girl during adolescence, and in a thirty-one year 
old man during his wife’s first pregnancy. In 
two adults the first episodes of bleeding occurred 
in childhood and no memories of the circum- 
stances at the time of onset were available. 


CASE REPORTS 


Case r. A thirty-one year old woman became 
pregnant a few months after the birth of her 
first baby. Two years earlier, when she dis- 
covered her husband was having an affair, she 
separated from him and returned to her mother. 
After six months a reconciliation was accom- 
plished, although the mother was pessimistic of 
its outcome. The patient decided that having a 
baby would help hold her husband and the first 
child was conceived in this setting. When she 
found herself again pregnant a few months later, 
rectal bleeding began. Stools remained consti- 
pated and bleeding continued for six months and 
then diarrhea developed. The patient thought 
that a second pregnancy so soon was too much 
and that her husband might again leave her. 

In seven patients ulcerative colitis began with 
bloody diarrhea. Three of these showed an 
abrupt onset in settings in which the patients 
were consciously disturbed. Four of them began 
during or just before adolescence (ages twelve 
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to sixteen); in one boy this began soon after the 
death of his mother and in one girl while the 
father was depressed. 

Case u. Bloody diarrhea: A twenty-nine year 
old woman married when she discovered she 
was two months’ pregnant. She hoped to hide the 
premarital conception from her puritannical 
mother by saying the baby was born prema- 
turely. Gestation actually was seven months sa 
the baby was born five months after the mar- 
riage. Two days after the baby was brought 
home and her mother arrived to help the patient 
had abrupt onset of chills, fever and diarrhez 
which became grossly bloody in a few days. 

Five cases began with abrupt and severe con- 
stipation, usually associated with severe rectal or 
lower abdominal pain, and followed in a few 
days by bloody diarrhea. In four of these patients 
this followed within hours or days of an upsetting 
event. No clear-cut precipitating event could be 
elicited in one interview in the fifth case. 

Case mt. Acute constipation: A twenty-one year 
old married woman was awaiting the return 
home of her soldier husband, whose train 
reached the city that day. After keeping her 
waiting several hours while he visited hs 
mother, he appeared at the door, and without 
further elaboration announced that he wished a 
divorce. On this note he left. The same day she 
was seized with terrific cramp-like pain in the 
left lower quadrant, an urge to defecate, but 
inability to do so. She was admitted to a hospitzl 
where she was given eight enemas in two days 
before any relief was achieved. Following th.s 
she had formed stools, three to four times a dav, 
for a month, and then small amounts of blood 
were first noted. Thereafter she passed blood and 
mucus four to five times a day, stools becarre 
semiformed, and then grossly diarrheal and 
bloody. 

Four cases began with bloodless diarrhea of 
fairly abrupt onset. In a thirteen year old bcy 
diarrhea developed just before his bar mitzvan, 
an event which he prepared for under great 
pressure from his mother. In three no discre:e 
precipitating event was disclosed but rather a 
change in over-all psychologic adjustment. One 
patient lost her father and then over the next 
ten months felt her relationship with mother 
threatened by shifting alignments in the family. 
A man took over his father’s business at a time 
that his wife was pregnant for the second time. A 
third, after many years of attempting to cove 
with a psychotic mother, herself began to feel 
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estranged and depressed, then developed diar- 
rhea and fever, with a feeling of “relief? to be 
sick. In all three cases the patients believed they 
were obliged to accomplish more than they were 
able to do. 

Four patients showed very mild diarrhea or 
intermitten: bouts of diarrhea for several months 
or years before ulcerative colitis was finally 
diagnosed. In three this began first before or 
during adolescence. 

CasE 1v. Insidious diarrhea: A fifteen year old 
girl noted cver a period of two months a gradual 
increase in the frequency of her bowel move- 
ments which, however, remained formed but 
soft. During this time there was increasing 
turmoil over her changing status as an adoles- 
cent. She was then in an automobile accident, 
which involved no serious injury but did 
represent a. disastrous outcome of an attempt to 
identify with her adolescent peers. Immediately 
after the accident her bowel movements became 
watery and frankly bloody. 

The case reports in the literature and our own 
data indicate clearly that the mucosal reaction 
may occur within hours or days of events which 
abruptly upset a precarious psychic balance or 
more gradually during periods of changing 
psychic equilibrium. While such a close time 
relationship between the disturbing events and 
the onset of symptoms strongly suggests a 
relationship between the two, the interpretation 
of the meaning of the “precipitating” event 
presents more difficulty. For convenience I will 
consider first the cases in which the event was 
distinct, with the onset promptly thereafter, 
and then the cases in which the disease began 
over a more gradual period of psychologic 
change. 

In my series there were sixteen cases with 
acute onset in which well defined events im- 
mediately preceded the bleeding. Eleven began 
with bleeding, with and without diarrhea; four 
with acute obstipation followed by bleeding; 
and one with diarrhea without gross blood. 
Summarizing the data, the following phenomena 
were noted: (1) real, phantasied or threatened 
interruption of a key relationship; (2) demands 
for performance which the patient felt incapable 
of fulfilling, especially when support had been 
withdrawn or when disapproved activities were 
involved; (3) overwhelming threat from or dis- 
approval by a parental (usually) figure. Com- 
mon to all these circumstances was that the 
patient acutely felt helpless to cope with what - 
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was happening and previous psychologic de- 
fenses, such as compulsive mechanisms or 
magical thinking, crumpled. 

The cases in the literature with acute onset 
follow closely the same pattern. Murray stressed 
sexual problems, which are indeed prominent 
among many patients, but the immediate 
precipitating events were ones which over- 
whelmed the patient with helpless despair.5%5! 
Groen stressed that the precipitating situation in 
his six cases, all of whom had an acute onset, 
was one with which the patient could not 
cope, involving an acute love loss and a painful 
humiliation.*® He stressed the helplessness of the 
patient. In all of his cases an actual or threatened 
separation occurred. In two of the cases an 
intensification of compulsive and phobic symp- 
toms preceded the final break. The cases of 
Jackson,?" Karush,** Cobb? and Small** began 
after separations. Grace's two cases of bleeding 
and one of diarrhea began soon after separations 
while the other case of diarrhea began when 
the patient's attempts to achieve a response from 
his mother by gifts and performance failed.?! 
Prugh's nine year old patient bled after being 
ousted from his mother's bed by his returning 
soldier father.57.58 

In the cases beginning insidiously, usually with 
slight bleeding or mild intermittent diarrhea, 
one usually deals not with a clear-cut precipitat- 
ing event but rather with a period during which 
mounting pressures threatened previous psycho- 
logic compensation. In many cases, after months 
or even years of such mild and intermittent 
symptoms some event acted as “the straw that 
broke the camel’s back," precipitating the full 
blown syndrome. Ten of our cases fit into such a 
group. Four began during adolescence. Two 
men and two women developed symptoms dur- 
ing periods of mounting responsibilities asso- 
ciated with marriage and the birth of children, 
while relations with supporting parental figures 
were disturbed, and two became ill during 
severe psychiatric illnesses of parents. The 
cases in the literature also follow this general 
pattern. §:31,38 

Comment: The significance of the precipitat- 
ing events or circumstances begins to have mean- 
ing in terms of the processes already discussed. 
At the risk of a premature and oversimplified 
generalization, but in order to focus attention on 
problems that will require further clariücation, I 
suggest the following factors to be necessary, but 
not sufficient, conditions for the development of 
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the somatic condition. (1) The important 
interpersonal relationship (or relationships) 
which has been an integral part of the patient's 
total adjustive process becomes less effective. 
(2) The pressure from instinctual forces, all at a 
pregenital level, becomes relatively or absolutely 
(e.g. in adolescence) stronger. (3) The character 
defenses, already described, become inap- 
propriate or inadequate under the circum- 
stances. (4) The patient is increasingly thrown 
on his own resources for performance. It is to 
be noted that these four factors are mutually 
interdependent. Other investigators have stressed 
one or another of these aspects of the dynamics of 
the precipitating situation. Groen stressed the 
acute love loss and a painful humiliation.?® 35 
Grace spoke of the importance of symbolic 
rejections or a threat to a dependent position.?! 
Paully spoke of the precipitating circumstance as 
anything threatening the patieni's dependence. 5* 
Daniels described precipitating situations as 
those in which there is a serious threat to 
security.!5 Lindemann laid major emphasis on 
loss of security, especially loss o? another person 
of emotional significance, a sudden decrease in 
rate of interaction. Among his eighty-seven 
cases, seventy-five occurred after a bereavement, 
two occurred after loss of cultural milieu, six 
occurred with threat of psychoses and four 
occurred after hemorrhoidectomy. Unfortu- 
nately, these interesting data do not include 
information as to when the alleged precipitating 
event occurred in relation to the onset or what 
the presenting symptoms were. Lindemann lays 
great importance on a “delayed grief reaction.” 
Among thirty-one of our patients fifteen might be 
considered to have unresolved grief, ten due to 
deaths. Alexander emphasizes the general psy- 
chodynamics of the excremental function as 
conspicuous in the precipitation of the disease.! 
He states that the first symptoms frequently 
appear when the patient is facing a life situation 
which requires some outstanding accomplish- 
ment for which he feels unprepared. Karush and 
Daniels state that the attack began soon after a 
sudden, unforeseen threat to che security of 
a precariously effective adaptive system and 
that, in the face of an emotional blow, there was 
loss of successful mastery and depression. *8 

It is clear that these points of view are in 
essential agreement but differ in emphasis. In 
order to get further insight into the pathogenic 
process, I propose now to examine the condi- 
tions under which relapses occur. 
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Relapses 


Rigid criteria must be established as to what 
constitutes a relapse. Following the character- 
ization of the somatic process already. dis 
cussed,!?.29 relapses, for the purpose of ths 
analysis, are defined as episodes that begin with 
bleeding after a period of normal bowel activity of 2 
month or more. Even though some episodes cf 
diarrhea without bleeding and diarrhea thet 
later became bloody obviously are relapses, they 
will not be included because other determinants, 
including anatomic factors, may be involved in 
the genesis of the diarrhea and cannot Fe 
clarified by the kind of information availab.e 
to us. 

Using such criteria we have data on thirty 
relapses among ten patients. One patient, 
Observed over five years, experienced seventeen 
bleeding episodes, most of them mild and short- 
lived. Twenty-four episodes involved reel, 
threatened or symbolic separations or anniver- 
saries of such. For all of these some behavior of 
the patient or some external event serioudy 
reduced or threatened to reduce the effectiveness 
to the patient of a relationship and as a conse- 
quence the patient actually or in fantasy felt a 
loss and under pressure to assume more ince- 
pendence. In all of these instances the patient 
felt unable to do so and in this setting the bleed- 
ing began. The six exceptions, not direc:ly 
involving separations, provide interesting ccn- 
firmation. In all the patient found himself ir a 
situation in which he felt endangered or en- 
raged but felt powerless to do anything. The 
common denominator to all the bleeding 
episodes appears to be a feeling of relat ve 
helplessness. 

It is difficult to evaluate relapses in the lite-a- 
ture from this point of view since most protocols 
do not provide sufficient data either as to 
symptomatology or as to the circumstances. 
However, I consider the following reports to 
include examples which might be regarded as 
confirmatory of my data: references 35, 51, 2, 78, 
14, 47, 65, 66, 38. 


Affective Status 


The data on relapses immediately focus at- 
tention on the affect experienced by the patænt 
at the time of onset and during relapses. For 
present purposes we are dealing with the af'ect 
which enters consciousness, recognizing that -his 
may not be the original one but a multi-step 
elaboration. The identification of the affeczive 
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“miserable, 


status is made from direct observation of the 
patient's behavior, from the verbal content dur- 
ing interviews or therapeutic sessions, and from 
the patients own description of how he felt. 
Data are available on affect during forty-five 
onsets and relapses among sixteen patients. In all 
instances the feeling tone at the time of symp- 
toms development was designated by such 
expressions as “helpless,” “despair,” “hopeless,” 
“overwhelmed,” “too much to cope with," 
**too muck. to expect of me." In general there was 
a fairly good correlation between the severity of 
the symptoms and the degree of helplessness or 
hopelessness felt by the patient. In one case this 
affect was covered by the opposite behavior; the 
patient intensified his activity and work and for 
several weeks denied both symptoms and affect. 
When he could no longer deny the presence of 
bleeding, he was plunged into an abyss of 
despair and bleeding became massive. In many 
instances these feelings merged into depression, 
with added qualities of being alone, bereft, 
deserted, unwanted, unworthy. It was notable 
that conscious anger, even if inhibited or denied, 
did not precipitate an attack unless it was fol- 
lowed by a feeling of helplessness and despair.?! 
Examiaation of the literature reveals no 
systematic attention to the affect preceding the 
onset or relapse of ulcerative colitis. None 
of the writers has made an adequate distinction 
between relapses and the reactions of the 
chronically diseased bowel. Thus it is difficult 
to evaluate either their interpretations or their 
protocols in terms of identifying whether any 
affect was consistently associated with the onset 
of the disease or with relapses as I have defined 
them. Lindemann mentions helplessness, sor- 
row and depressions as the emotions associated 
with attacks.4!4? Groen defines the affect as 
humiliation and defeat.?* The protocols of 
his cases include such descriptive expressions 
as ''disappointed," “lonely,” “humiliated,” 
” “absolutely crushed,” “powerless,” 
"shocked," 'fhurt" as preceding episodes of 
bleeding. West describes his patient's “inability 
to secure himself against injustice." 75 Sperling 
notes the extreme helplessness experienced by 


: the two children she studied.** Grace says the 


attacks occur in settings of anxiety and resent- 
ment, when the patient feels frustrated, humili- 
ated, angry and resentful. Their protocols 
indicate helpless, despairing attitudes.*? One of 
Appel and Rosen’s cases felt “humiliated? when 
his sisters left.” Cushing noted “‘bowel symptoms" 
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to develop when control was threatened.13 
Karush and Daniels noted in one of their 
analyzed patients that when she was “over- 
whelmed by fear, hopelessness and despair," 
bowel bleeding or diarrhea would follow. 5 

Some writers stress "fear," “anxiety” and 
"apprehension" 43.50.51.69 while others emphasize 
"rage," “resentment,” “anger” $5,97—69,04-67 but 
none of these terms is sufficiently supported by 
the data presented to allow for critical comment. 

Comment: The discovery that the episodes of 
bleeding are consistently associated with a feel- 
ing of helplessness or despair is an arresting 
observation but before any conclusions are 
drawn I propose first to examine what other 
psychosomatic disturbances are manifested by 
these patients as symptoms alternative to bowel 
symptoms and what affect, if any, 1s associated 
with such symptoms. 


Alternative Symptoms and Associated Affect 


Headache. By far the most common alter- 
native symptom experienced by patients with 
ulcerative colitis is headache, although this 
seems to have escaped the attention of most 
observers. Among twenty-three patients in 
whom adequate histories were obtained twenty 
suffered from headaches. In fifteen the head- 
aches were severe enough to have required 
medical attention. Seven patients had headaches 
as a major symptom before ulcerative colitis 
developed. In general, headaches and active 
colitis did not coincide. Headaches either 
antedated the onset or occurred during intervals 
when the patient was relatively free of colitis. 
Thus of fifty-six headaches only five occurred 
during a period when the patient was having 
bleeding or diarrhea. The occurrence of a head- 
ache during an attack of colitis was often found 
to herald the end of the attack. 

Ten patients had headaches which clinically 
appeared consistent with the diagnosis of 
migraine. Ten patients had muscle tension or 
hysterical conversion type headaches. Some of 
the patients who had migraine also had other 
types of headaches. 

Fifty-six headache periods were cbserved 
during the therapy of nine patients. The two 
patients longest in therapy accounted for forty 
of these. The headache periods presented a 
striking contrast to the periods of active colitis. 
On forty-six occasions it was found that the 
headaches occurred when the patients felt in 


control, had taken an active stand, made a 
decision, thought something through, but that 
this was followed by conscious or unconscious 
guilt. In none of these instances did the patient 
feel helpless or afraid. In all of these examples 
there was evidence of strong conscious or un- 
conscious aggressive or sadistic impulses. In 
many the patients spoke of the intensity of 
the thinking process associated with contem- 
plated action. Other observers, including family, 
doctors and nurses, frequently commented on the 
unusual “aggressiveness” or ''assertiveness" of 
the patients around the time that the headache 
occurred. Occasionally the headache occurred 
on the anniversary of or in response to something 
symbolic of some previous occasion when the 
patient felt self-assertive or aggressive. 

Four headaches (all of one patient) were not 
so clearly associated with such identifiable 
feelings but rather with an identification with the 
father, who also had headaches. Her headaches 
were considered to be hysterical and it is perhaps 
significant that at other times the patient suf- 
fered from other hysterical pains. Five headaches 
did not fit into any identifiable pattern. 

Only one headache (of fifty-six) occurred when 
the patient felt helpless, sad, ‘‘unable to solve 
all these things," wondering if I was trying to get 
rid of her. Interestingly, she also had diarrhea 
and anorexia at the same time. 

When directly queried, patients were un- 
equivocal in contrasting the headache and the 
colitis status. They all contrasted the active 
character of their thinking and behavior before 
the headaches to the passive, helpless attitudes 
before the colitis attacks. Conscious and un- 
conscious selfpunitive attitudes were common in 
association with the headaches. 

The literature contains no reference to the 
occurrence of headaches among patients with 
ulcerative colitis and I am able to find only three 
reports which incidently mention headache. 888,40 
Although Karush associated the headaches 
‘with fluctuations in the intensity of the erotic 
feelings toward the analyst" there is insufficient 
information in the protocol to verify. the inter- 
pretation.?? It is significant that the headaches 
occurred in a period when his patient had no 
bowel symptoms and was more quickly mobiliz- 
ing and expressing rage at frustrating figures. 
Furmanski, in a study of 100 patients with 
migraine, found *'colitis" in eighteen (ulcera- 
tive colitis in one, mucous colitis in seventeen).?" 
Among sixteen patients with mucous or spastic 
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colitis in my practice, twelve had headaches. 
Kepecs describes a patient who had diarrhea 
when compliant, submissive and unable to 
express anger, and migraine when aggressivity 
became overt and expressed.?? 

Comment: These data are of interest as indicat- 
ing different levels of psychologic function cor- 
responding to the two kinds of somatic symp- 
toms. It renders untenable the concept that 
ulcerative colitis is simply the way in which these 
individuals respond to an emotional stress. 
Rather it indicates that a particular psycho- 
biologic situation is a prerequisite for the devel- 
opment of the bowel disorder, So far, the con- 
sistently found affective status of *helplessness" 
provides the best clue as to what these psycho- 
biologic requirements are. The significance of 
headache among these patients is the subject of a 
more detailed report elsewhere.?! 

Upper Gastrointestinal Disturbances. Anorexia, 
nausea and vomiting commonly accompany 
attacks of colitis (and may also accompany the 
headaches). But some patients suffer from such 
symptoms independently of the colitis. Ten of 
twenty-three patients had such a history and 
three dated the symptoms from childhood. Since 
none of these patients had these symptoms 
independently of colitis during my observation I 
have no precise data as to the psychic determi- 
nants. In one adolescent boy the nausea anc 
vomiting appeared to be hysterical conversior 
symptoms. Two women, twenty-five and eigh- 
years before the colitis, each had a period o^ 
extreme anorexia and weight loss, clinically 
resembling anorexia nervosa, but in both case: 
this information was only obtained from othe- 
sources (old chart and family) and was noz 
revealed by the patient. 

One woman gave a history of a peptic ulce- 
before the colitis, said to be confirmed radio- 
logically, and one man had symptoms suggestiv= 
of ulcer but none was demonstrated by radiologi- 
examination. 

The literature contains very little informatior. 
One of Grace’s*! patients had frequent vomitinz 
in childhood, and Szasz?? reports one patient 
who also had a peptic ulcer. In the latter patient 
the two syndromes never occurred at the sam= 
time. 

Skin. One patient had eczema in childhooc, 
one had urticaria, one had generalized pruritus, 
and one pruritus ani—all before the first attacx 
of colitis. 

Mahoney's?? patient had severe eczemz, 
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Karush's?? patient developed angioneurotic 
edema during analysis, and Kubie’s* patient 
had an episode of severe generalized der- 
matitis. Sperling's$^ patient developed a leg 
ulcer. 

Miscellaneous Manifestations. Among my pa- 
tients the following manifestations were ob- 
served; one patient had hypertension, Méniére's 
syndrome, facial tic and hayfever; four patients 
had ulcers in the mouth; one patient stuttered, 
one had hyperventilation syndrome, another 
arthritis, two had globus, one showed accident 
proneness and back pain, and one had had 
rheumatic fever. 

The literature adds examples of toxemia 
of pregnancy,’° paroxysmal tachycardia,’ asth- 
ma,!4 ureteral spasm, !* vasodepressor syncope, ** 
obesity, *? rheumatic fever,** thyrotoxicosis?? and 
leg ulcer.** While all these presumably represent 
random, incidental disturbances, experience 
with headaches, the frequency of which escaped 
my attention as well as that of other observers, 
leads me to believe that future study should give 
greater attention to the true incidence of these 
other disturbances as well as to the circumstances 
under which they develop. 


Gross Psychopathology 


Clinical Depression. I have already com- 
mented on the fact that some degree of depres- 
sion is generally evident during active colitis. 
Alternation of mood from depression to mild 
elation commonly correlates with the magnitude 
of bowel symptoms and many patients described 
such mood swings to precede the onset of colitis. 
Grace et al. disagree with this and state that 
"subjects with ulcerative colitis may become 
constipated when depressed" and “it is well 
recognized that subjects with ulcerative colitis 
who enter into a period of psychotic depression 
lose their symptoms of bloody diarrhea"?! They 
cite the case of a man whose ulcerative colitis 
became quiescent when he became seriously 
depresed but bring no additonal clinical 
evidence in support of the statement. 

Two psychotic depressions were observed 
among my patients. Both occurred simul- 
taneously with a relapse of colitis. One patient 
was given electric shock treatment and both the 
depression and colitis disappeared. The second 
patient died from massive hemorrhage before 
any treatment could be instituted. The patients 
of Cobb and of Tunis also had active colitis and 
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psychotic depression simultaneously.*-74 Daniels!4 
and Lindemann*^^? also discuss depression as 
associated with colitis. 

Paranoid Disorders. ‘There is general agree- 
ment among those who have discussed the 
problem that delusional and projective mecha- 
nisms are the most common features of the 
psychotic developments in ulcerative colitis. ^? 
14,88,41,42,01,86 The incidence, however, remains 
unknown. Moses reports an incidence of 20 per 
cent among patients in analysis.? Among my 
patients, two had acute psychotic episodes 
occurring some years after the first attack of 
colitis. Both patients settled into more or less 
chronic paranoid states, with well organized 
delusions, and continued to have attacks of 
colitis and of headaches. It coulc not be estab- 
lished what, if any, bowel symptoms were present 
during the acute psychotic periods. One patient, 
during adolescence and many years before the 
colitis developed, had the persistent delusion 
that she had a bad odor. Another patient, dur- 
ing analysis, had several brief periods when she 
had the idea that her mother-in-law or her 
husband was trying to poison her but she always 
was able to convince herself of the unreality of 
these ideas. 

Although there is a general impression in the 
literature that psychosomatic disturbances and 
psychotic manifestations have a reciprocal 
relationship, this is by no means demonstrated 
in ulcerative colitis.?:10.91.6671? My two patients 
as well as the two patients reported by Appel 
and Rosen,? and one patient each of Sullivan?? 
and Wittkower,®® showed psychotic behavior 
and active colitis at the same time. While it is 
true that in these cases the psychotic behavior 
seemed to be less manifest during the more 
severe colitis symptoms, much longer periods 
of observation are necessary to clarify the rela- 
tionship between the two processes. 

Neuroses. I have already discussed the char- 
acterologic features of these patients. The promi- 
nence of obsessive-compulsive character traits 
was mentioned. Yet no patient in my series 
presented a full-blown obsessive-compulsive 
neurosis. Only one of Wittkower's forty patients 
was so described, although fourteen had obses- 
sional thoughts.5? 

Conversion and phobic symptoms are oc- 
casionally noted but certainly are not promi- 
nent.!^99 One of my patients had hysterical 
pain and one of Daniels!!! patients had hysterical 
amnesia, pain and phobic symptoms. 
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Ulcerative IHeitis after Ileostomy 


Elsewhere I have discussed the development 
of a pathologically similar lesion in the ileum of 
patients with ulcerative colitis.!?:2? In the present 
series ulcerative ileitis developed in five patients. 
In three the ulcerative ileitis developed after 
ileostomy and in bowel which had been demon- 
strated to be normal at the time of ileostomy. In 
all three the precipitating circumstances and the 
affective status were identical with that observed 
during previous attacks of ulcerative colitis. 
In the other two patients the time of onset of 
the ulcerative ileitis could not be established. 

There is no reference in the literature to the 
conditions under which ulcerative ileitis devel- 
ops. Regional ileitis is a different disorder.?9* 


CORRELATIVE STUDIES 


These are of three types. The first is the report- 
ing of occasions when some bowel symptom oc- 
curs during observation of the patient and an 
attempt is made to relate the simultaneous 
psychologic data to the bowel symptom. The 
second is the simultaneous psychologic and 
physiologic study of patients with fistulas. The 
third is the correlation of symptomatology with 
psychic status in the course of observations dur- 
ing psychoanalysis and long-term psychotherapy. 

Correlation of Symptom and Psychologie Data. 
Such short-term random observations have 
been reported by Murray,®*5! Sullivan,’ 
Daniels, Groen,?? Prugh$?55 and Sperling. *® 
They are of dubious value in ulcerative colitis. 
My experience is that patients do not report with 
any consistency symptoms experienced in the 
presence of the investigator. At times the act 
of announcing or displaying the symptom may 
be more significant behavior than the symptom 
itself. Further, when patients are having frequent 
bowel movements, the coincidence of a cramp or 
bowel movement in the examiner’s presence 
cannot be interpreted, no matter how dramatic 
the psychologic material may be, unless some- 
thing is known of the frequency and distribution 
of such symptoms over relatively long periods 
of time. 

Fistula Studies. Study of patients with colonic 
stoma permits simultaneous observation of 
changes in the bowel and psychologic proc- 
esses, °?.45,77.799 Three patients with ulcerative 
colitis have been studied in this fashion. The 
significance of these studies for an understanding 
of the nature of the somatic process has been 
critically discussed elsewhere.? The present 
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discussion will be confined to an evaluation of 
the attempts to correlate the psychologic data 
with the changes in the colon. 

Grace studied four fistulous subjects, two with 
ulcerative colitis.?? This is a valuable work con- 
taining much useful information but it is not 
without limitations, due mainly to deficiencies in. 
the design of the study and to the way in which. 
the data are presented. Their conclusions are 
summarized as follows: ‘Overwhelming life 
situations provocative of abject fear and dejec- 
tion were associated with hypofunction of most 
of the large intestine with pallor, relaxation, lack 
of contractile activity, and relatively low con- 
centrations of lysozyme in the colonic secretions 
Life situations provocative of conflict with feel- 
ings of anger, resentment, and hostility or oc 
anxiety; and apprehension were found to 
be associated with hyperfunction of the colon 
. . .? Sustained hyperfunction was thought to 
lead to increased fragility of the mucosa and 
eventually to the changes of ulcerative colitis. 


These conclusions are somewhat at variance ` 


with what I have just summarized in this reporr. 
However, I believe the discrepancies are more 
apparent than real and result mainly from an 
overinterpretation of the data. A serious weak- 
ness of this study, which significantly limits the 
conclusions which can be drawn from it, lies in 
the handling of the psychologic material. Un- 
fortunately the authors do not establish clearly 
and set down in print what criteria they used for 
the various psychologic categories (e.g. abject 
fear, anger, resentment, apprehension, etc.) 
which are correlated with the physiologic states. 
This omission is compounded by an extreme.y 
meagre reporting of primary psychologic data, 


leaving the reader without means of examining ` 


their interpretations. Thus the important con- 
clusion that “abject fear and dejection" lead to 
hypofunction of the colon (which is contrary to 
what would be predicted from the data of tkis 
review) actually is supported only by two br-ef 
sections?? (pp. 93, 154) which describe the pa- 
tient as **mildly depressed" for four weeks. It is 
said that the intensity of the “depression” varied 
from day to day and that the colon was most 
inactive when “hopelessness was most pro- 
nounced," but no further documentary data zre 
given as to the nature and dynamics of this state. 
Further, no information is available as to the 
dynamics of the doctor-patient relationship at 
this time. Thisis an important omission through- 
out the study. Nowhere is adequate attention 
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given to the significance of the experimental 
situation as a determinant of this relationship. 
Much of tke material points to the likelihood 


that submission by the patient to the demands 


of the research had become a condition, mutually 
operative, for maintenance of the doctor-patient 
relationship. This seems most evident in the 
stress interviews and the painful procedures, 
in which tke patient was angry or anxious, but 
helpless and unable to refuse further participation, lest 
the relatiorship with the doctor be jeopardized. 


| It is perhaps significant that one patient without 


colitis who objected vigorously to the testing of 
pain response and who refused to have the 
experiment repeated (in contrast to the colitis 
patient) showed hypofunction of the colon as a 
response. Olearly both patients had conflict, 
but the conflict was handled differently. Indeed, 
as one examines the available but limited data on 
the hyperfanction responses it seems likely that 
the “resentment” or *anxiety," which remained 
largely unexpressed, occurred in settings in 
which important relationships, including that 
with the experimenter, were believed by the 
patient to be in jeopardy. Most of the protocols 
also speak of humiliation, embarrassment, feel- 
ings of being ignored and neglected, (‘‘who will 
take care of me?") as associated with what the 
authors have described as resentment or 
apprehension. 

All this suggests a greater concordance with 
the anamnestic data reported in this review and 
points up the importance of complete reporting 
of primary data if unique studies of this type are 
to have the lasting scientific value they deserve. - 

One of the patients reported in the Grace 
study (Subject C) was also studied by Margolin*® 
and Winkelstein??^ but no data are available. 
Only the general statement is made that when 
an outward display of “emotions? was sup- 
pressed the mucous membrane “was seen to 
flush a fiery red and minute petechial mucosal 
hemorrhages appeared." 

Wener and Polonsky studied a twenty-one 
year old woman with ulcerative colitis who had a 
transverse colostomy.?? Their technic of study 
was essentially the same as that of Grace, and 
as such is subject to much the same criticisms. 
Again no consideration is given to the impor- 
tance of the doctor-patient relationship. The 
investigators conclude that “reactions to pain, 
fear, and anxiety produced pallor of the mucosa 
and inhibition of mobility... . " Anger, 
resentment, and hostility generally gave rise to 
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hyperemia and engorgement, with moderate 
increase in colonic contractions. . . . When the 
patient was especially depressed, angry, or 
resentful the engorgement and hyperemia of 
the colostomy appeared to be more pro- 
nounced." It should be noted that these writers 
describe different reactions to anxiety and to 
depression than do Grace et al. and again we are 
left with no statement of what criteria were used. 

Comment: 'lhe studies here reviewed, while 
perhaps indicating trends, mainly illustrate 
some of the as yet unsolved difficulties of method 
and reporting in this kind of research. In my 
opinion none of these studies successfully over- 
came these difficulties and consequently the 
published conclusions must be regarded with 
caution. Neither the design of the research nor 
the methods used, physiologic or psychologic, 
provide either the investigator or the reader with 
the necessary information to test the validity of 
correlations. An entirely different research 
design is necessary to answer these questions, one 
which will permit statistical examination of 
data. Such a design has been developed and will 
be published elsewhere. *4 

Psychophystologic Correlations during Psychoanaly- 
sis. While the psychoanalytic technic has 
yielded much valuable information on the 
psychodynamics of these patients, so far there 
have not been any systematic attempts to cor- 
relate the psychologic and somatic processes 
during psychoanalytic study. What correlations 
have been indicated still fall in the category of 
clinical impressions and require much more 
careful evaluation before their validity can be 
established. 


A CRITIQUE OF PSYCHOLOGIC FORMULATIONS 


Data have been presented to show that 
processes which can be demonstrated and 
examined by psychologic technics are frequent, 
perhaps necessary, but not sufficient conditions 
for the development of ulcerative colitis. We are 
now in position to summarize these psychologic 
data. and to examine the various psychologic 
formulations that have been proposed. In 
brief, these patients tend to fall into a population 
group having preponderately pregenital char- 
acter traits, especially compulsive and depend- 
ent features; they show a defect in their capacity 
to relate to people, with a tendency to retain 
features of their early mother-child symbiotic 
relation; there is a failure to resolve this symbiotic 
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relationship, which genetically and dynamically 
also appears to be related to the distinctive 
characteristics of one parent, usually mother, 
who also cannot relinquish this relationship with | 
her child; sexual maturity is not achieved and 
the patients tend to make marriages which assure 
continuation of the same kind of relationship; 
ulcerative colitis develops in settings in which the 
important relationship in fact or in fantasy is 
threatened or actually disrupted, when at the 
same time the patient feels helpless to cope with 
the new situation; remissions occur when an 
effective relationship is again achieved; in 
similar situations, when more effective adjustive 
mechanisms are operative and when the affect 
is other than that designated by such terms as 
helpless, hopeless, despairing, etc., other symp- 
toms, notably headache, rather than colitis 
develop; there is a vulnerability to psychotic 
reactions greater than the general population. 

These are oversimplified topical statements, 
the details of which have been developed earlier 
in this paper, but they serve tc focus attention 
on the psychologic processes which seem impor- 
tant in ulcerative colitis. When the various 
psychologic formulations are summarized, it will 
be noted that in general they are in good agree- 
ment but that different investigators have 
tended to emphasize different aspects of the 
same material. An attempt will be made to 
reconcile these differences. 

T. Alexander.| This writer emphasizes the 
importance of emotional factors which from 
early life are associated with excremental and 
alimentary functions. In the precipitation of the 
disease and of relapses he emphasizes the 
frustrated tendency to carry out an obligation, 
be it biologic, moral or material, and the 
frustrated ambition to accomplish something 
which requires the concentrated expenditure of 
energy. This formulation is largely in terms of 
the psychology of the anal period of psycho- 
sexual development. The fact that colitis fre- 
quently appears when the patient is facing a life . 
situation which requires some outstanding 
accomplishment for which the patient feels 
unprepared is formulated in terms of a regres- 
sion to that phase of development in which the 
infant experiences the excremental act as the 
giving up of a cherished possession on one hand 
and an accomplishment on the other. In other 
words, a regression to the anal form of giving 
or accomplishment may take place. He em- 
phasizes that anal regression cf this type is 
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common in all kinds of diarrhea and in psycho- 
neurotics who do not display any somatic 
symptoms. 

The specific dynamic pattern in diarrhea is 
formulated as follows: “Frustration of oral 
dependent longings — oral-aggressive responses 
— guilt — anxiety — over-compensation for oral 
aggression by the urge to give (restitution) and 
to accomplish — inhibition and failure of the 
effort to give and accomplish — diarrhea." 

Comment: In the previous review we presented 
the evidence that somatic processes having to do 
with diarrhea are not primary in ulcerative 
colitis.??? There is therefore question as to 
whether the formulation related to diarrhea. 
necessarily applies in ulcerative colitis. Nonethe- 
less the facts are indisputable that the anal 
regressive material described by Alexander is 
clearly demonstrable in all patients with ulcera- 
tive colitis. This apparent inconsistency can be 
reconciled if we do not require in our formulation 
that the anal regressive processes have a causa- 
tive relationship to the primary processes in the 
bowel. Actually there is no evidence to link the 
mucosal-submucosal reactions of ulcerative coli- 
tis to the psychophysiologic relationships of the 
toilet training period of childhood. But ever. 
without hypothesizing such a relationship, it wil. 
be recognized that the conditions under whick 
the disease develops as described by Alexander 
are also those having to do with the threat to a 
key relationship. His formulation correctly 
focuses attention on some of the distinctive 
aspects of character formation in these patients, 
but not adequately defined is the matrix in 
which this personality formation takes place, 
namely the special characteristics of this par- 
ticular mother-child symbiosis. It remains to bz 
seen whether and to what degree the promi 
nence of so-called anal traits is contributed to by 
the developmental aspects of the mother-child 
relationship and/or by some biologic features cf 
the bowel leading to an early and abnormel 
emotional investment in excretory function. 
Seen in this light we consider the unsuccessfvl 
attempts to perform as part of the attempt to 
satisfy the requirements of the key relationship, 
and the failure to perform as an expression of the 
helplessness which ensues when the relationship 
is seriously threatened or cannot be maintained. 
On the other hand, the possibility remains 
that anal-regressive emotional stimuli may have 
something to do with the fact that this particuler 
reaction occurs in the colon, rather than else- 
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where, and the probability that once the patho- 
logic process in the colon is operative such 
stimuli will secondarily influence the function of 
the bowel. However, there is no evidence that 
the primary process in the bowel wall has any 
such substitutive or symbolic meaning. Indeed, 
there is no indication as to what adaptive func- 
tion, if any, the primary process in the colon 
serves. 

2. Szasz.773 Essentially similar criticisms of 
Alexander's formulation of diarrhea, which most 
certainly apply with greater strength to ulcera- 
tive colitis, have been made by Szasz even 
though he also assumes diarrhea to be the 
primary process in ulcerative colitis. Szasz's 
suggestion is that colonic activation and inhibi- 
tion, leading to diarrhea and constipation, 
represent the physiologic sequelae of certain 
alterations in the upper gastroenteric tract, of 
which the gastrocolic reflex represents the 
prototype. A critical consideration of this idea 
from the paysiologic point of view, as it relates 
to the pathogenesis of ulcerative colitis, has been 
discussed elsewhere.” From the psychologic 
point of view, according to Szasz, mobilization 
of strong (unconscious) oral-incorporative striv- 
ings would be accompanied by constipation 
while a sudden decrease in such strivings, usually 
because of guilt feelings, would result in diarrhea. 
Accordingly, the bowel symptoms do not express 
any primary psychologic .meaning but are 
interpreted as manifestations of a vegetative 
neurosis, i.2., as the remote physiologic sequelae 
of oral tensions. 

Comment: This concept did not specifically 
develop out of a study of ulcerative colitis and is 
not proposed by Szasz as a formulation for 
ulcerative colitis. It 1s important, however, in 
that it emphasizes the possible role of oral rather 
than, or in addition to, anal tendencies in this 
disease. Szasz derived his concept from psycho- 
logic data the validity of which is not dependent 
on the correctness of the gastrocolic reflex 
concept or its application to the pathogenesis of 
ulcerative colitis. From the psychodynamic point 
of view the role of oral (assimilative) processes in 
the development of the mother-child relation- 
ship is well established, and hence Szasz's 
formula can also be related to how the person 
deals with the key relationship. Intensification of 
strong oral incorporative strivings could be 
expressive of an active attempt to hold on to or 
restore the relationship, while their disappear- 
ance could indicate a weakening or giving up of 
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the tie. Passive helplessness might be associated 
with the latter. 

3. Sperling.99 9! This investigator, no doubt 
because much of her work has been with chil- 
dren, has concentrated on the characteristics 
of the mother-child relationship. She stresses the 
contradictory attitude of the mother, who on the 
one hand unconsciously attempts to maintain 
the child in a life-long dependence to satisfy her 
(mother's) own needs, and on the other hand 
shows strong unconscious destructive impulses 
toward the child. The latter are particularly 
likely to become intensified when the child fails 
to satisfy the mother's needs or when the child's 
attempts to satisfy these unconscious needs 
mobilize guilt or anxiety in the mother. The 
child then becomes the scapegoat for the mother. 
According to this concept the colitis develops 
when a change occurs in this specific relation- 
ship with mother (or her substitute). Once this 
relationship is discontinued it will depend upon 
the patient's willingness and ability to find a 
replacement for the lost or given-up love object. 
When the patient is unable to accomplish this, 
intense frustration ensues, there is an acute 
increase in destructive impulses, which, however, 
remain repressed and are discharged through the 
symptom of bleeding. “The destruction and 
elimination of the object through the mucosa of 
the colon (bleeding) would seem to be the 
specific mechanisms in ulcerative colitis." The 
feces and blood represent the devaluated and 
dangerous objects. Sperling believes that ulcera- 
tive colitis shows great resemblance in behavior, 
dynamics and personality structure to melan- 
cholia.** She emphasizes the degree of sadism 
turned inward. “The choice of the organ is 
determined by oral and anal fixations, the colon 
being the eliminatory organ. The anorexia, 
vomiting, abdominal pain, diarrhea and bleed- 
ing represent expressions of and defenses 
against aggressive incorporation of the frustrat- 
ing object.” 

Comment: Sperling’s emphasis on the develop- 
mental aspects of the earliest mother-child 
relationship is one with which this writer finds 
himself, in strong sympathy. Yet much work 
remains to clarify the details of this relationship 
and especially whether there are elements 
specific for the development of ulcerative colitis. 
Relatively under-emphasized in this formulation 
is the child's contribution to the; difficulties of 
the relationship. To what degree, and in what 
ways does the original endowment, the biologic 
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constitution, of the child contribute to the 
peculiarities of this particular mother-child 
relation? 

Whether the mucosal reaction is a pregenital 
conversion symptom, as suggested by Sperling, is 
a moot point. As pointed out by Alexander! 
psychologic data alone will not distinguish be- 
tween secondary symbolic elaborations of bodily 
processes (e.g. bleeding and diarrhea) and 
primary psychogenic factors. While the patient 
may symbolically elaborate the bleeding and 
diarrhea as “the destruction and elimination of 
the object," it is not justified to conclude from 
such psychologic data that the breakdown of the 
mucosal surface is a direct consequence of 
destructive impulses turned inward toward the 
introjected object. This is a psychologic concept, 
derived from psychologic data, and it remains to 
be seen whether it can have this kind of patho- 
physiologic consequence. Present methods do 
not permit an answer one way or the other, 
although such an idea gains credence from 
Seitz’s success in provoking exudative skin lesions 
by hypnotic technics. 6$ 

4. Lindemann.**? The significance of the loss 
of a key person and the prominence of morbid 
grief as a psychic manifestation has also im- 
pressed Lindemann. He too points out some of 
the similarities to melancholia. He offers no 
hypothesis as to how these processes bear on the 
development of the somatic pathology. 

5, Prugh.*’—*® Working with children, Prugh 
stresses the reservoir of repressed anger, develop- 
ing in settings of loss of security, and points out 
the irverse relationship between symptoms and 
the expression or acting out in play of aggressive 
and hostile emotions. He implies that the bowel 
disorder is in some way related to the inability 
successfully to discharge aggression, a vegetative 
neurotic symptom as defined by Alexander.! 

6. Karush and Daniels.*® On the basis of the 
psychoanalysis of two women patients, the 
initiating and perpetuating psychodynamic 
factors for these two patients are summarized 
as follows: “The patients never succeeded in 
building psychological stability, which normally 
cushions the blow of a serious loss or frustration. 
They elaborated a precariously effective adap- 
tive system and, in the face of an emotional blow, 
the apparatus for effective action required to 
cope with the emergency was so disturbed that 
profound anxiety and rage, long suppressed, now 
threatened to overwhelm them. With such a loss 
of successful mastery, combined with character- 
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istic over-reaching ambition, the most common 
response was depression.* Instead of acting out 
hostility toward denying or frustrating figures 
they were then overcome by a sense of futility 
and hopelessness* and retreated further to infantile 
clinging and dependency." The authors point 
out the peculiarly intense effect on their 
psychologic adaptation of the subjective percep- 
tion of the severe physiologic derangements, 
with secondary, largely unconscious, elaboration 
in archaic, symbolic terms. They suggest that the 
ease with which this type of regressive behavior 
occurs may be proportional to the intensity of “a 
constitutional, schizoid, emotional, integrative 
defect." 

They emphasize that the physiologic changes 
in the colon cannot be discussed in purely 
psychologic terms and that the psychoanalytic 
investigation of adults cannot resolve the 
enigma of “organ selection." ‘They raise the 
possibility that the same kind of chemical and 
neurophysiologic defects that interfere with 
integrative activity of the central nervous system, 
reflected in disintegrative psychologic responses, 
also produce the disintegrative behavior on the 
colon. 

Commen: This formulation stresses the crucial 
importance of depression in ulcerative colitis. 
It is related by the authors to the dependency in 
childhood. While the problem of object relations 
is not specifically discussed, it is clear that the 
conditions necessary to establish and maintair 
relationships are important factors in the 
vulnerability to depression in these patients. 
In contrast to some of the other formulations 
they do not attempt to relate directly the aggres- 
sive or destructive impulses and the bowel 
changes, either in symbolic terms or as vegeta- 
tive discharge, although their formulation would 
not exclude either possibility. 

7. Groen.*® This author sees ulcerative colitis 
developing when persons with certain character 
traits are in conflict situations which involve an 
acute love loss. He stresses the humiliation suf 
fered by the patient as well as the loss of scurces 
of support and the fact that they are unable to 
cope with the situation. ‘The repression of this 
special kind of defeat, the outwardly ‘norma’ 
behavior, the finding of a pseudo solution, while 
the insufficiency of their own personality has 
been so rudely revealed to them, the carrying 
on while they were standing in life helpless, 
loveless, and without confidence in their own 

* Reviewer’s italics. 
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personality—all this appeared to belong to the 
typical reaction of these personalities.” 

Comment: While this is a good description of 
some of the manifest behavioral processes in the 
patient with ulcerative colitis, it contributes 
little to the understanding of how this develop- 
ment comes about. 

8. Mushatt.? This author suggests that a 
basic problem is that the relátionship to the 
outside world is made on an oral incorporative 
level. “This relatedness is expressed through 
bodily imazery by means of the gastro-in- 
testinal tract, and from this concept the dis- 
organized gastro-intestinal function can be 
considered both as a preverbal or visceral 
communication of primitive psychic activity 
and as a cefense against psychic disorganiza- 
tion." He also sees a similarity to melancholia. 
Prominent in this concept are the distinctive 
aspects of the oral level of development, namely 
a kind of fusion in which the individual feels 
himself a part of the person on whom he is 
dependent, the dependency characteristic of the 
very young and helpless child on its powerful 
parent, and the attitude that the object is an 
inexhaustikle source of gratification. He points 
out the ambivalent character of the identifica- 
tions and the tendency to internalize conflicts in 
relation to the outside world and to express them 
through the gastrointestinal tract. The individu- 
al’s difficulties seem to arise from defects in ego 
development which impair his capacity to relate 
to people and to master the environment. These 
defects are made possible by prolonged exposure 
to an unfavorable emotional climate, initially 
in relation. with the mother, later with the 
father. The mothers are often unconsciously 
rejecting or using the child for their own end. 
* As a result of these circumstances the individual 
seems basically to be in a state of depression and 
secondary chronic rage held in abeyance by a 
suitable dependency relationship. When such a 
relationship is disrupted the individual feels 
helpless against the world, depressed and filled 
with primitive rage. This rage, in turn, arouses 
intense fezr of loss of love and fear of destruc- 
tion at the hands of the environment. Inter- 
nally this finds expression in loss of self-esteem, 
intense guilt, and fear of punishment from an 
archaic superego.” The author attempts no 
explanaticn as to how such processeseventuatein 
the colitis. 

Comment: Mushatt's formulation is valuable in 
that it relates developmentally the symbiotic 
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mother-child relation and the oral-incorporative 
(assimilative) process whereby this comes about. 
He is the only writer who-has emphasized the 
defect in ego development implicit in the diffi- 
culties in relating to people. Like previous 
formulations,, the significance of loss of object 
relationship and depression and the similarity 
to melancholia are brought out. 

9. Grace, Wolf and Wolff.** These investi- 
gators have provided a description of some 
aspects of the manifest personality and behavior 
and of the settings in which the disezse develops. 
Other than some very general concepts of 
"stress" mobilizing an ejection-riddance pattern 
involving the large bowel, related to feelings of 
“hostility,” “anger,” “resentment,” “anxiety” 
or “apprehension,” they propose no specific 
psychologic formulation. 


ATTEMPT AT PSYCHOSOMATIC FORMULATION 


I make no pretense at being any more suc- 
cessful than previous investigators in achieving 
a formulation which satisfies all the known 
facts. Actually there are too many gaps in our 
knowledge to permit success at this time. My 
effort, therefore, will be directed zs much to 
indicating the requirements for a formulation, 
the areas in which further definition is necessary, 
as it will be to the formulation itself. 

In the first place we must identify the struc- 
tural and functional locus of the disease. It does 
not suffice to say that this is a disorder of the 
bowel. It is a disorder which involves particu- 
larly the lining surface of the bowel and very 
possibly those functional components which are 
necessary to maintain an effective and selective 
barrier against penetration into the organism. 
In addition to mucosa and submucosa, this 
would probably also include the local circulatory 
systems as well as elements of the reticulo- 
endothelial system. In this regard it must be 
remembered that the lumen of the bowel is out- 
side the body and that the lining surface, al- 
though of entodermal origin, is, like skin, part of 
the boundary between the body and zn external 
environment. Further, this external" environ- 
ment within the bowel must be considered in 
ecologic terms, since it includes living organisms 
existing in a dynamic relationship with the 
human host. The occurrence of disorders endo- 
scopically indistinguishable from ulcerative 
colitis in some patients receiving antibiotics 
brings into consideration the processes concerned 
with the maintenance of a dynamic steady state 
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between these two environments. "5 While little is 
known of the dynamics of this process, it may be 
helpful to include in one’s perspective the con- 
cept that there are conditions in the host 
under which the ecologic balance is disturbed or 
the protective barrier fails. This is not a new idea 
in ulcerative colitis?’ and has also been suggested 
in amebic colitis.!? For converience I shall refer 
to these as the conditions bearing on host resist- 
ance, where I use this term in the broad sense of 
all processes having to do with the maintenance 
and integrity of this membrane in relationship to 
its environment. Needless to say, this might 
include processes which have psychologic or 
behavioral aspects. 

Having first posed the problem in terms of a 
limiting membrane between two environments 
and the tissue components involved, it is also 
necessary to consider organ function. Here we 
deal with the eliminative functions, which are 
largely motor, aided by some secretory activity. * 

Embryologically, the lining membrane de- 
velops before the muscular coat.** The primitive 
gut begins with the establishment of the ento- 
dermal layer within the spheroidal blastocyst. 
When the mesoderm forms, its splanchnic layer 
becomes associated with the entoderm. The 
entoderm gives rise to the epithelial lining while 
the mesoderm supplies the muscular and con- 
nective-tissue layers of the gut wall. The primi- 
tive hind gut ends blindly and it is only at about 
the sixth week that a connection with the outside 
is established with the proctodeum. Meconium 
begins to accumulate in the fourth month but 
coordinated motor function probably does not 
develop until some time later. Defecation in 
amnio rarely occurs in the human fetus.?? The 
eliminative activity becomes coordinated under 
the control of the vegetative nervous system and 


* The resorption of water, leading to formed feces, 
may be thought of as a special aspect of the eliminative 
function, one which involves the absorptive functions of 
the lining membrane. 'This function develops later than 
the purely eliminative function. The infant's stool is 
initially relatively fluid and only over a period of weeks 
or months finally achieves the solid consistency of the 
adult’s.%° This is not simply a consequence of the infant's 
liquid diet but involves a developmental process as well, 
as is indicated by the fact that liquid diets at later ages 
do not result in diarrhea. Further, experiences with 
ileostomy and colostomy prove that this function can be 
taken over by terminal ileum or proximal colon even at 
an advanced age. Motor function is involved, both in 
respect to infant colon and adult terminal ileum or 
proximal colon, since formed stools dc not develop until 
motility has slowed. 
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later in childhood comes partially under volun- 
tary control through mastery over striated 
muscle, including the sphincters, a develop- 
mental and learning process. One might thus 
construct a developmental and functional 
hierarchy, ranging from the earliest boundary, 
and later barrier, function to the highly inte- 
grated, learned bowel control behavior; from 
cellular-tissue function to organ function to total 
human behavior, which has psychosocial com- 
ponents. It is my thesis that different kinds of 
behavioral and psychologic phenomena are 
associated with these different levels of organiza- 
tion. The problem now is to see what clarification 
of these differences is possible in ulcerative 
colitis, since more than one process may be 
operative simultaneously in the same person. 
While evidence of disturbed bowel function 
and disturbed behavior around the act of 
defecation often precedes the onset of ulcerative 
colitis, it is the tissue change which marks the 
transition to ulcerative colitis. The major 
psychologic phenomena which have been found 
to be associated with this transition are (1) some 
disturbance in a key relationship, real, threat- 
ened or phantasied, and (2) an affective state 
characterized by such terms as helplessness or 
despair. I suggest that the helplessness conse- 
quent to the disturbance in the key object 
relationship may be regarded as evidence of z 
traumatic separation process and that such z 
state may be accompanied by biochemical or 
physiologic derangements which permit initia- 
tion of a variety of pathologic processes in tissues 
including those characteristic of ulcerative 
colitis. This general hypothesis is based on the 
clinical observation over many years that a wide 
variety of major derangements in tissue function 
and structure seem to occur in settings af 
disrupted human relationships.** From the 
beginning of life, survival depends on the main- 
tenance and development of the relationship 
of the child with some adult, generally mother. 
Ego development can only take place througa 
object relationships. There is a growing body 
of knowledge concerning the effects of loss of cr 
absence of object on child development. The 
observations of Spitz indicate that these may 
include major physiologic derangements.97* Loss 
of object at any time of life poses a majcr 
adaptive task. Although not yet studied scier- 
tifically, it is folklore knowledge as well as tke 
experience of the perceptive physician thet 
people may fall ill and die after the death of cr 
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separation from important family members. 
Grief, the normal response to a loss, is a process 
having both psychologic and physiologic aspects. 
Freud has pointed out the reparative and recon- 
structive aspects of grief as a means of over- 
coming a loss.?* As many observers have noted, 
the patient with ulcerative colitis is often one 
who has failed to accomplish the work of grief, 
who has achieved no successful psychologic 
adjustment to the loss. It is suggested that this 
provokes a complex psychophysiologic state, a 
psychologic representation of which is the affect, 
and a somatic aspect of which is some process or 
processes eventuating in the tissue derangement. 

The phenomena just described would be very 
general ones and might also, in other individuals, 
lead to other kinds of tissue derangements. We 
have observed similar settings for some cases of 
arthritis, asthma, dermatitis, malignant phase of 
hypertension, carcinoma, leukemia, Hodgkin's 
disease, conzestive heart failure, to mention only 
a few.?^??« Why is the colon the affected site in 
these patients? (Actually, of course, the colon is 


. not the only site.) Is there evidence for any kind 


of primary defect, in the colon, developmental or 
acquired in foetal life or early infancy? Evidence 
on this point is very sparse. The rare occurrence 
of ulcerative colitis in the newborn and very 
young infant speaks in favor of such an idea.* 
The incomoleteness of the information on bowel 
function in the infancy of these patients has been 
noted but it is fairly well established that some 
kind of bowel dysfunction, usually constipa- 
tion, long antedates the colitis. This, however, 
cannot be taken as evidence one way or the 
other for some primary defect in bowel wall 
and hence this remains an important subject : 
for further research. If such defects exist, devel- 
opmental or acquired early in infancy, it may 
be assumed that they contribute to the localiza- 
tion of the disorder in the bowel as well as to 
total] personality development. The biologic 
characteristics of the body and its parts must be 
involved in the adaptive and developmental 
maturation of the individual and therefore also 
in the psychologic expressions thereof. In such 
an instance we would assume that the bowel 
would become specially invested emotionally 
and would more likely become an organ through 
which both pleasure and aggression might be 
expressed. Further, these processes would be 
implicated in the transaction between mother 
and child. 

Since we cannot establish at this time whether 
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or not the bowel of the future ulcerative colitis 
patient is biologically distinctive, so to speak, I 
must leave this as an open question, which may 
be included or not in the formulation. What 
seems less uncertain is that the mother-child 
symbiosis is distinctive, and herein may lie 
factors which will determine the specific psycho- 
logic vulnerability of the individual and may 
contribute to the predilection for bowel trouble 
and headache as well. Present knowledge does 
not permit us to spell out details and, indeed, I 
believe the microscopic scrutiny of this relation- 
ship is the next required step in the psychologic 
elucidation of ulcerative colitis. It is also difficult 
to write about, because “‘mother-child symbio- 
sis” is a transactional concept; it concerns the 
transactions whereby mother and child mutually 
relate and affect each other and it becomes 
misleading to try to describe mother and then 
child or vice versa.* The mother attempts to 
gratify certain needs through her child and may 
be frustrated and react in some way when the 
child fails to fulfil the need. The child, on the 


other hand, has certain basic needs, indeed | 


needs which go to the very root of survival, 
which can only be achieved in the relation with 
mother or mother substitute. By virtue of the 


* Transaction is defined in Webster’s New Inter- 
national Dictionary (1935) as, “An action or activity 
involving two parties or two things mutually affecting or 
reciprocally influencing one another.” Dewey and 
Bentley!?* have pointed out that man’s organization and 
presentation of inquiry into natural processes has shown 
three successive levels of development. The first views 
of nature were selfactional, where things were viewed 
as acting under their own power. This corresponds to the 
magical, religious, animistic, or vitalistic concepts of the 
past centuries. Then with Galileo, Descartes and Newton 
there came into use interactional concepts, in which thing is 
balanced against thing in causal interconnection. This 
corresponds to the mechanistic, linear, cause-and-effect, 
stimulus-response concepts that have furnished the 
dominant pattern of scientific procedure, especially in 
medicine, up to the present. This is still a useful ap- 
proach, under certain well defined conditions, but has 
imposed serious limitations on our understanding of 
natural processes. The transactional approach is ushered 
in by Einstein’s field theory, which brought time and 
space into consideration and prepared the scene for 
Newton’s unalterable particles to go the way of time and 
space. In the transactional concept, one observes processes, 
the “thing” in action, where the “thing? and the 
"process" are not separable one from the other. Thus 
in the case of organism and environment, interaction 
assumes organism and its environmental objects to be 
present as substantially separate existences or forms of 
existence, prior to their entry into joint investigation. 
Transaction, on the other hand, requires the acceptance of 
organisms and environment as a common system, and 
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mother’s behavior and character structure and/ 
or by virtue of the inborn endowment of the 
child, its capacity for adjustment, these children 
grow up with serious defects in ego function. 
Benedek has pointed out how the child, in order 
to reduce the danger of separations, incorporates 
mother’s conflicts, thereby adapting to mother’s 
conflictful behavior.” They may then remain 
permanently dependent on mother or on a 
limited number of substitutes, without whom 
they are literally helpless, since they cannot 
function in certain ways, having never suc- 
cessfully achieved independent means to do so. 
Elsewhere I have introduced the concept of 
“surrogate ego” functions to refer to these 
processes.*5° Herein lies the overwhelming 
trauma of separation and the “curative” effect 
of a certain kind of doctor-patient relationship. I 
would list some of the important qualities of 
mother and of child which are implicated in this 
development as follows: f (1) The mother has an 
unresolved involvement with her own mother, 
which is often transferred to this one child. 
The details of this require further examination. 
(2) For a variety of reasons the mother’s rela- 
tion to the child is a conditional" one, meaning 
that it may be relatively warm and succoring 
only when the child’s behavior does not mobilize 
anxiety or guilt in mother. Transactionally, some 
of the child’s intrinsic behavioral patterns, such 


assumes that no preknowledge of either one alone as 
adequate; the organism is observed in process with 
environment, These concepts are now being developed in 
terms of open systems, dynamic steady states, feed-back 
mechanisms, and multifactorial concepts. It replaces the 
linear with the spiral, meaning that no system is ever 
again exactly the same as it was before. The patient is 
never “‘restored” to the same state of health that existed 
before he became ill; it is a different state. Every human 
relationship changes all participants. Health and disease 
must be understood in transactional terms.?? 

T Again I must emphasize the transactional aspects, the 
mutual feedback, as well as call attention to quantitative 
and qualitative differences. Some children are more 
vulnerable, some mothers more “pathogenic”; some 
children are more “pathogenic” to their mothers, with 
disastrous feedback; some families find themselves, 
through circumstances outside their control, in life 
situations which accentuate these problems. Otherwise 
we would be unable to account for the first attack of 
colitis occurring in childhood as well as in old age; colitis 
occurring in the person who barely gets by and the per- 
son who made a passably good adjustment before falling 
ill; the occurrence of colitis in one child but not in the 
siblings. A variety of factors, biologic, psychologic and 
social must come together before the colitis begins. 
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as feeding, bowel activity, motor activity, cver 
which the baby has limited or no control, may 
be among the behavioral processes which evoke 
maternal anxiety, guilt or shame. Since these 
are operative from birth on, such tensions be- 
tween mother and infant could contribute to 
the oral fixations so prominent in these patients. 
It is in this area particularly where biologically 
determined needs, as may be associated with 
some bowel defect, may contribute significantly 
to the symbiotic relation. (3) These mothers 
require a striking measure of control over the 
motility of their children or the children require 
control and succeed in. enlisting it. This is 
expressed in the control over intake, motor 
activity, bowel movements and emotional 
expression which so often characterizes mother 
and child. Here again one sees mutual provoca- 
tions, gratifications and resultant guilt. At this 
level of object relationship and ego development, 
fixation at and/or regression to the anal level of 
psychosexual functioning is mutually stimulated. 
(4) These children may have a defect in their 
autonomous capacity to relate to objects. More 
information is necessary on the development 
of very early relationships with people other 
than the mother. These children may also have 2 
defective capacity to develop an independent 
ego, contributing to the need to continue tc 
utilize others as “‘external’’ egos. In this and the 
preceding point I infer the possible existence o? 
biologic defects as well as specific psychologic 
stresses from the environment. If such defect: 
exist, however, they differ in degree, if no: 
in kind, from the defects which lead to 
childhood  psychoses.9?* For the most part 
the reality. testing function of these patients 
is not so seriously impaired. It is suggested that 
the difference lies in the fact that the colitis 
patient was better able to establish and maintaia 
a symbiotic relationship than the psychotic chilc, 
but that this particular relationship forever 
largely determined and circumscribed to a higa 
degree ‘the nature of all other relationshios. In 
terms of ego development this would not lead to 
as great damage to reality testing functions es 
occurs when no object relationship is established 
in the first year or so of life. But it would lead the 
individual extremely vulnerable to separatior, 
as indeed these people are. (5) The psychc- 
sexual development of these individuals .s 
arrested by virtue of the persistence of tke 
symbiotic relationship, the need for “external”? 
ego support. I have already mentioned sore 
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factors contributing to oral and anal fixations. A 
biologic defect (‘organ weakness") may also 
contribute to these limitations. In any event, 
by virtue of the indispensibility of the key object 
(usually mo-her) as external ego, the oedipus 
complex cannot be resolved and maturesexuality 
is not achieved. 

In this fcrmulation, then, ulcerative colitis 
develops in particular individuals under specific 
circumstances. The tissue reaction, which forms 
the basis of the colitis, develops only when other 
adaptive processes fail, and the significant object 
relationship is threatened or actually inter- 
rupted. The specific factors that go into the 
development of this relationship will help to 
determine the kinds of circumstances and the 
settings in which this takes place. Biologic and 
psychologic developmental factors will help to 
determine the bowel as the site of the tissue 
breakdown. As long as an object relationship is 
maintained, other pathologic processes may 
become manifest, but not colitis. Thus the 
pathologic character traits constitute means for 
maintaining the key relationship and satisfying 
needs within that framework. Other neurotic, 
psychotic or psychosomatic symptoms (e.g. 
headache) develop during conflict situations 
within the framework of this relationship, where 
the relationship is not seriously threatened. 
Headaches, for example, develop when the pa- 
tient takes a stand, expresses aggression, but 
maintains control. Conscious or unconscious 
guilt is associated with the headache, but not 
helplessness.?! Elucidation of the specific aspects 
of the object relationship constitutes a most 
important problem for further research. 

In respect to the pathogenesis of the tissue 
process itself, I can only speculate. I have already 
indicated my belief that this is a non-specific 
process, associated with the separation reaction 
and having no primary psychologic meaning. 
I suggest that when separation is not or cannot 


' be dealt with by psychologic mechanisms (as in 


normal grief as well as in some types of neurotic 
or psychotic processes) physiologic changes are 
initiated in the body which interfere with or 
disrupt other adaptive or integrative processes, 
permitting various types of tissue breakdown, 
disturbances in local tissue growth, invasion 
by viruses or bacteria, etc. The nature of these 
processes remains unknown. Reichsman and I 
recently have observed in an infant with a 
gastric fistula a profound alteration in responsiv- 
ity to histamine during object loss.*5* This may 
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be indicative of some biochemical change char- 
acteristic of this state. * One possibility in ulcera- 
tive colitis is that these as yet unidentified 
changes may alter relationships in the colon so 
that it responds to its own flora as to pathogens. 
Ánother possibility is that the vascular system is 
particularly affected by these processes, perhaps 
becoming reactive to chemical substances elabo- 
rated as distant sites, in the tissues, or products of 
bacterial activity. 

Such a formulation does not necessarily 
exclude the contribution of other mechanisms 
that have been proposed in other formulations. 
Thus the gastrocolic reflex??7? or the activation 
of eliminative patterns! would both be consistent 
with the psychodynamics of these patients and 
might add to the strain on colon. The failure of 
psychosexual maturation in these individuals 
might well involve erotization of the colonic 
mucosa, meaning that the colon beccmes the site 
of physiologic changes, tumescent in char- 
acter.?5.45585,5 Beginning with mouth and with 
sucking, engorgement of mucous membrane 
and pleasurable sensations are both in the service 
of pleasure and of object relations. Such a 
regressive perversion of colonic function might be 
activated in situations when more advanced 
levels of object relation are threatened. This 
again might contribute to the final bowel change. 
And finaly with motility in relationship to 
external world and objects markedly reduced, 
with the profound regression that accompanies 
this state, the turning inward of aggression may 
be associated with internal bodily changes, 
including changes in the colon. All of these are 
psychologic processes which may be expected to 
folow upon the traumatic separation, but 
whether they have physiologic aspects which 
specifically contribute to the colitis cannot be 
established by psychologic means alone. But we 
must avoid the error of assuming that the dis- 
covery of evidence favoring one mechanism 


necessarily means that other mechanisms are not ' 


also operative and perhaps contributing to the 
full development of the pathologic process. 
Indeed, there is every reason to believe that a 
chain of events results in the final pathologic 
derangement. 


* That we should have encountered some process in- 
volving histamine is especially interesting since Feldberg 
has raised the question whether histamine release repre- 
sents the first reaction of the mucosa to any form of injury. 
Also, the intestinal bacteria form histamine from histi- 
dine, and many food substances contain histzdine.?9c 
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SUMMARY 


1. The psychologic data in thirty-nine pa- 
tients with ulcerative colitis have been sum- 
marized and published reports on more than 700 
patients have been reviewed. 

2. Among these patients there was found with 
impressive consistency (a) defects in personality 
structure long antedating the onset of colitis, 
(b) a characteristic type of dependent and re- 
stricted relationship with people, (c) consistent 
psychopathology in the mothers, and (d) failure 
to achieve full heterosexual development. 

3. The onset and relapses of the disease were 
found to occur in settings which represented to 
the patient real, threatened or fantasied inter- 
ruptions of key relationships, but the disease 
developed only when the corresponding affect 
was helplessness, despair, hopelessness, etc. 

4. In conflict situations which were not 
responded to with such effect, other neurotic, 
psychotic or psychosomatic (notably headache) 
reactions were observed. 

5. Various psychosomatic hypotheses are 
critically reviewed. 

6. A modified formulation is offered which 
(a) stresses the significance of the mother-child 
symbiosis in determining the particular personal- 
ity development and vulnerability to separation, 
(b) relates the tissue reaction of ulcerative 
colitis to biologic changes occurring consequent 
to traumatic separations, (c) and attempts to 
account for the choice of organ (colon) on the 
basis of constitutional and experiential factors 
in the mother-child transaction. 
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Action 
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Philadelphia, Pennsylvania 


HIS paper will try to develop a picture of 
| the current concepts of the problem of the 
action of insulin upon intermediary 
metabolism. The theoretic background neces- 
sary for a reasonable understanding of the 
problem will be discussed. Then the experi- 
mental evidence which at this time seems most 
significant will be presented and evaluated. 
Necessarily, the great mass of literature at hand 
makes selection imperative, and much data will 
be omitted which some may think of prime 
importance. 

The problem of the action of insulin may be 
said to have begun with the demonstration of 
Minkowski and Von Mehring that a state closely 
resembling diabetes mellitus could be produced 
in the dog by surgical removal of the pancreas. 
These experiments demonstrated beyond doubt 
that the pattern of defective metabolism .asso- 
ciated with diabetes was due to the absence of 
some humoral principle elaborated by the 
pancreas. The discovery of insulin by Banting 
and Best followed in 1922. This initial phase in 
the history of the problem of insulin action did 
not end here but rather with the demonstration 
by Houssay and Biasotte (1931)!? that experi- 
mental diabetes could be ameliorated by the 
simultaneous removal of the anterior pituitarv. 
The demonstration by Long and Lukens (1936)?5 
of similar amelioration by simultaneous adre- 
nalectomy completed the picture: The metabolic 
patterns which result from the activity of tissue 
enzyme systems are under the control of the 
complex interplay of a series of hormones whose 
balance or imbalance produces normal and 
beneficial homeostasis or profound and often 
fatal aberrations. 

The picture which emerged from these early 


studies is greatly oversimplified and is a familiar 
one. There is in diabetes an accumulation 
of glucose in the body giving hyperglycemia 
and glycosuria. A decreased storage ability re- 
sults in lowered glycogen content of muscle and 
liver. The lcw respiratory quotient is attributed 
to decreased or absent oxidation of carbohydrate. 
The disturbed fat metabolism is manifested by 
marked loss of body fat and fatal ketosis, An 
increase of protein catabolism results in a loss of 
body tissue and increased nitrogen output. 

In this early period of study on the problem of 
the action cf insulin experiments on the whole 
were limited to studies of total metabolism in- 
volving mezsurements of blood sugar, shifts of 
carbohydrate stores from one organ to another, 
respiratory quotients, change of total protein 
metabolism, effect of altered diabetic state upon 
ketosis, and the like. Experiments were mostly 
confined to the intact animal and were con- 
cerned with measurements of glycogen, lactic 
acid, ketones, and so on. The ratio of dextrose to 
nitrogen in the urine (D:N), for example, was 
a favored method for evaluation of the severity 
of the diabetes. It is interesting to note that Lusk 
in his Harvey Lecture in 1904 on “Metabolism 
in Diabetes Mellitus" makes no reference what- 
ever to “intermediary metabolism." 

This period was dominated by what might be 
called the monistic view: namely, that the 
metabolic defect associated with diabetes was 
due to the lack of one hormone. Further, in the 
total diabetic there was 100 per cent disability. 
Two main theories were proposed to explain 
this. Reduced to its elements, these views are 
expressed with great brevity in Table 1. Under- 
utilization meant that there was complete 
inability of the organism to oxidize carbo- 


*From the John Herr Musser Department of Research Medicine, University of Pennsylvania, Philadelphia, 
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hydrate. The metabolic requirements were met 
entirely by fat and by that part of protein which 
was not glucogenic. The respiratory quotient, 
of 0.7, was that of the burning of pure fat. In 
the fasted diabetic, (D:N) expressed the ratio of 
the dextrose to nitrogen found in the urine. In 


TABLE I 
UNDERUTILIZATION VERSUS OVERPRODUCTION 
Respiratory quotient...............-.. 0.7 
DN Tao oaee erare EAA EAER oes. 
Fat to carbohycrate: cascos eR rev eius Cs to C4 (?) 


the fed animal this ratio was corrected for the 
ingested food, including that portion of the 
protein and fat which was assumed to be con- 
vertible to carbohydrate. The value commonly 
used is 3.0 to 3.5, based upon limited experi- 
ments with dogs or a few human cases assumed 
to be totally diabetic. This value was explain- 
able on the assumption that about 50 to 60 per 
cent of the amino acids of protein were converted 
to glucose and were excreted unused. Fat was 
never a source of carbohydrate. 

The opposing view held that no impairment in 
the ability of the organism to oxidize carbo- 
hydrate resulted. Hyperglycemia was regarded 
as a compensatory mechanism which enabled 
the diabetic to oxidize carbohydrate. But over- 
compensation resulted in glycosuria. The extra 
glucose necessary for this hyperglycemia was 
derived not only from protein but from fatty 
acids. (The glycerol portion of the fat was always 
calculated with the carbohydrate.) The precise 
reactions by which fatty acids were converted 
into carbohydrate were never clearly explained. 

Rumblings of this controversy stll continue 
but the introduction of tracers in metabolic 
studies has settled it. The kernel of the situation 
is expressed in the table by C» to C4(?). It has 
been abundantly shown that all fat metabolism 
goes through the formation of the two-carbon 
compounds—acetyl-coenzyme A. This con- 
denses with four-carbon compounds (oxalacetic 
acid) to enter the Krebs cycle for further con- 
version or oxidation. Àny member of the Krebs 
cycle may be incorporated into protein, fat or 
carbohydrate. Hence it is possible, zs has been 
shown experimentally by tracer studies, that 
carbon atoms derived originally from fatty 
acids may be found in carbohydrates. But the 
important distinction is that the four-carbon 
compounds necessary for combination with the 
two-carbon compounds always come from pre- 
existing carbohydrates and never from fat. 
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Hence a net new formation of carbohydrate 
from fatty-acids does not occur. 

We can say the same thing in another way: An 
obligatory step in the formation of carbohydrate 
from fat would be the condensation of two 
C:compounds (monocarboxylic acid) to a Cy 
compound (dicarboxylic acid). But this so- 
called Thunberg reaction has never been demon- 
strated to occur in mammalian tissue. 

The demonstration by Houssay and Biasotte 
(1931)! and by Long and Lukens (1936)5 
that the diabetic state could be ameliorated by 
concomitant removal of the pituitary or adrenals 
initiated a new phase in the problem of the 
action of insulin. Carbohydrate metabolism and 
concomitant fat and protein metabolism were 
obviously under hormonal control involving at 
least three enzyme systems. Furthermore, the 
monistic theories suggesting that the diabetic 
organism has only one metabolic defect, either 
an inability to oxidize glucose or a gross over- 
production of glucose from fat or protein, be- 
came untenable. It was obvious that all three 
types of metabolism were under multiple hor- 
monal control. 

Simultaneous with these interesting develop- 
ments in the field of diabetes a new field began to 
dominate thought and experiments in metabolic 
studies. This was the spectacular development 
of enzyme chemistry in the first half of the cen- 
tury. Buchner first demonstrated the catalytic 
activity of an enzyme system dissociated from 
the living cell. There followed from laboratories 
all over the world demonstrations of the proper- 
ties of enzyme systems derived from living 
tissues. Many of these enzyme systems were 
isolated in pure form and were shown to catalyze, 
with high specificity, single chemical reactions. 
Many were crystallized and the cofactors neces- 
sary for their action were isolated and identified. 
The innumerable chemical reactions involved 
in the total metabolism of food stuffs were 
demonstrated and, although knowledge was still 
incomplete, patterns of chemical reactions were 
mapped which described these metabolic proc- 
esses in detail. Thus the study of intermediary 
metabolism, as distinguished from total metab- 
olism, became dominant. The experimental use 
of surviving tissues, such as heart-lung prepara- 
tions, eviscerated animals, perfused isolated 
organs, surviving tissue slices or homogenates, 
and tissue extracts became widely used as new 
experimental tools. 

This new approach rapidly brought insight 
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into the problem of the action of insulin. For 
the sake of simplicity we may discuss this in two 
ways. For want of better terms we may call the 
first the physiologic approach and the second the 
molecular consideration. The physiologic ap- 
proach endeavors to study an isolated chemical 
reaction occurring in the course of intermediary 
metabolism of carbohydrates, proteins and fats tc 
determine whether it is inhibited or accelerated 
by the presence or absence of insulin or insulin 
antagonists. Thus the “biochemical lesions," 
as they have come to be known, which occur ir 
the diabetic may be written in the form of chemi- 
cal reactions as aberrations from normality 
Most of the reports in the literature are con- 
cerned with this type of study. In opposition tc 
this, the molecular approach has a different aim. 
For example, we know that enzymes influence 
reactions of foodstuffs in such a way as to bring 
about their transformation, final oxidation or 
synthesis more rapidly than would be the case if 
the catalytic action of enzyme systems was not 
available. The molecular mechanisms by which 
this is brought about are little understood. 
Molecules are known to exist in different states 
of reactivity and the presumption is that enzymes 
bring about a higher concentration of the reac- 
tive forms so that the “energy hump” which 
hinders the desired reaction may be overcome. 
However, one mechanism has been well estak- 
lished, namely, the combination of substrates 
with enzymes according to the Michaelis 
Menton concept (vide Clark, 19528). Presun-—- 
ably such combination is a prerequisite fcr 
enzymatic action. What is the relation of 
hormones, particularly insulin, to such an 
enzyme-substrate complex? Little is known of 
this aspect of hormonal action except perhaps 
that the binding of insulin to tissue (vide infrz) 
may be a necessary requisite for hormonal action. 
Possibly hormones change configurational paz- 
terns of enzymes in such a way that substrate 
combination becomes radically altered. The 
precise mechanism by which hormones interact 
with the enzymes of the tissue remains to be 
elucidated and, until this has been done, there 
can be no fundamental concept of the nature of 
diseases associated with endocrine imbalance. 
These preliminary remarks about the general 
aspects of intermediary metabolism make a 
consideration of the possible biochemical dz- 
fects due to a deficiency of insulin or to an excess 
of contrainsulin factors more intelligible. The 
possible sites of insulin action which are mcst 
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prominent in current discussions of the bio- 
chemistry of diabetes are: (1) increase of cell 
permeability or transfer of glucose across cell 
barriers to enzymatic sites; (2) acceleration of 
the hexokinase reaction; (3) increase of high- 
energy phosphate formation, and (4) effect on 
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Fic. 1. Current schema of glycolytic and Krebs cycles. 
Possible “metabolic defects" associated with insulin 
deficiency are indicated by hatched blocks: (1) glucose 
transfer, (2) hexokinase reaction, (3) oxidative phos- 
phorylation, and (4) oxidative reactions in Krebs 
cycle. 


oxidative reactions of the Krebs cycle. A con- 
sideration of these and a knowledge of the 
glycolytic cycle and its relation to the Krebs cycle 
(outlined in the schema shown in Fig. 1) form a 
framework about which the problem of the 
action of insulin may be discussed. À preliminary 
consideration of the nature of these defects will 
be given first, followed by a more detailed 
presentation of the experimental evidence upon 
which the concepts are based. 

The first conceivable biochemical lesion con- 
cerns itself with the permeation of glucose 
through cellular barriers to sites of enzymatic 
action. Tne forces which hinder or accelerate 
the access of glucose to enzyme systems may 
be of a physical or a chemical character. At 
present there is no certain way of differentiating 
the two so that it is best to call the mechanism 
concernec with the permeation of glucose to 
enzyme sites a transfer mechanism. It is impor- 
tant to realize that the cell is composed of many 
subcelluler structures such as mitochondria, 
microsomes, nuclei, and so on. Each of these 
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cell-particulates is known to contain systems of 
enzymes concerned with carbohydrate metab- 
olism. In turn, each of these systems is separated 
by a cellular barrier from its surroundings. 
These considerations naturally render the prob- 
lem of the action of insulin upon transfer 
very complex. We can say no more at present 
but that there is evidence indicating that the 
transfer of glucose (and other sugars; to enzyme 
sites appears to be under hormonal control. 

The second possible biochemical lesion in 
insulin lack is related to the activation of 
glucose. It is now well established that in prac- 
tically all mammalian organisms glucose is 
prepared for further metabolism by the forma- 
tion of glucose-6-phosphate. Gluccse metabolism 
without phosphorylation, if it occurs at all, is so 
exceptional that it may be dismissed from further 
consideration. ‘The formation of glucose-6- 
phosphate does not occur unless catalyzed by the 
enzyme, glucohexokinase, which is present in 
practically all mammalian cells. The reaction 
(which is essentially irreversible) is: 

Glucose + ATP = glucose-6-phosphate + ADP. 

The third possible diabetic defect involves the 
production and storage of high-energy phosphate 
compounds such as ATP, creatine phosphate or 
similar compounds. Many reactions depend 
upon the availability of ATP, for example 
glucose-6-phosphate formation, synthesis of 
fatty acids, certain oxidative reactions, synthesis 
of protein or possibly the penetration of glucose 
through cellular barriers. It is therefore natural 
to consider the possibility that defects in the 
production of high-energy phosphates might be 
involved in the diabetic state and, indeed, there 
js much evidence to support this point of view. 

The fourth and last diabetic lesion which is 
considered in the literature is concerned with 
defects in oxidative reactions, particularly of 
derivatives of glucose. These oxidative reactions 
appear to be limited to reactions involving 
the Krebs cycle. The existence of this type of 
diabetic defect is not too convincingly supported 
by evidence in the literature and there is there- 
fore a tendency to neglect it in discussions of 
insulin action. 

Following the initiation of the metabolism of 
glucose by phosphorylation, glycolysis con- 
tinues by a conversion of the monophosphate to 
diphosphate and then by a split into two triose 
molecules. These 3-carbon compounds form 
pyruvic acid, the link which joins the glycolytic 
cycle to the Krebs cycle. The linkage of the 
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glycolytic cycle with the Krebs cycle is by way of 
a condensation of pyruvic acid with oxalacetic 
acid. One oxidative step occurs with the elimina- 
tion of one molecule of CO, and the formation of 
citric acid, the first member of the Krebs di- 
carboxylic acid cycle. Provision is made in the 
glycolytic cycle for the storage of carbohydrate. 
Glucose-6-phosphate is converted into glucose-1- 
phosphate (by phosphoglucomutase) which in 
turn is converted to glycogen (catalyzed by 
phosphorylase). All the reactions of the gly- 
colytic cycle from pyruvic acid to glycogen are 
reversible. This means that either glucose or 
pyruvic acid or any of the intermediaries are 
capable of forming glycogen. The hexokinase 
reaction is irreversible and glucose can only be 
regenerated from glucose-6-phosphate by the 
splitting off of inorganic phosphate catalyzed 
by phosphatase. 


HEXOSE-MONOPHOSPHATE-SHUNT 


Much recent evidence in the literature indi- 
cates that a pathway of metabolism of glucose, 
other than through the glycolytic cycle, exists. 
This involves the oxidation of hexose-mono- 
phosphate to phosphohexonic acid. Loss of CO; 
by decarboxylation reduces this compound to a 
5-carbon compound which is then split into 
2- and 3-carbon compounds. There is no evi- 
dence that this so-called hexose-monophos- 
phate-shunt is involved in the insulin problem. 
Therefore, it will be dismissed from further 
consideration. 

The oxidation occurring in the Krebs cycle 
are always accompanied by decarboxylations 
yielding CO;. In this way the three carbons of 
the pyruvic acids are oxidized and the original 
4-carbon oxalacetic acid is regenerated. The 
energy yielded by these oxidations forms the 
high-energy phosphate bonds of ATP which may 
be retained as such or stored as creatine phos- 
phate. This stored chemical energy is available 
for a whole series of endergonic reactions (requir- 
ing input of energy) such as synthesis of fat, 
synthesis of protein, acetylation, and so on. It 
is to be noted that the initial activation of phos- 
phorylation of glucose is one of these reactions. 
Fat and protein enter into the metabolic schema 
by the formation of 2-carbon compounds which 
when combined with coenzyme A enter the 
Krebs cycle via oxalacetic acid. 

Before examining evidence for the hypotheses 
of the specific action of insulin, some of the 
recent data bearing on the general question of 
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the action of insulin upon intermediary metab- 
olism will be discussed. Such a brief review of the 
recent literature must necessarily be selective 
and illustrative rather than complete. 

With respect to carbohydrate storage as 
glycogen in liver and muscle, much conflicting 


TABLE N 
STORAGE OF GLYCOGEN IN LIVER IN DOG INJECTED WITH 
INSULIN: STORAGE MEASURED BY AMOUNT OF INJECTED 
GLUCOSE REQUIRED TO MAINTAIN CONSTANT BLOOD 
LEVEL? 


Gm./Kg./80 Min. 


Mean | SEM 
Control (liver intact) 2.10 + 0.24 
Hepatectomy 0.40 + 0.12 
Evisceration 0.40 + 0.22 
Intact without insulin + 0 


evidence is present in the literature as to the 
role of insulin. Concomitant action of adrenalir 
and transfer of carbohydrate from liver to muscle 
complicates these experiments. Bouckaert anc 
deDuve (1947)? report experiments which ther 
interpret to mean that insulin is of major signifi- 
cance in the accumulation of glycogen in the 
liver. They maintain the blood sugar in the 
experimental animal (dog) at high levels be 
measured infusion of glucose. The amount of 
glucose necessary to maintain these levels was 
assumed to represent glycogen storage. In the 
absence of insulin only small amounts of glucose 
were removed from the blood stream but X 
maximal doses of insulin were given to the 
preparation glucose storage resulted. The data 
summarized in Table r show that the eviscerated 
and hepatectomized preparation retained about 
the same amount of glucose, but the dog wità 
liver intact required about five times as muca 
injected glucose to maintain constant blood 
levels. Most of this excess glucose represents 
extra storage as glycogen in the liver under the 
influence of insulin. 

Lang, Goldstein and Levine (1954)?! objected 
to this interpretation of Bouckaert and deDuve. 
They reported experimental observations whica 
they interpret to mean that, following hepz- 
tectomy, there is decreased peripheral glucose 
uptake. This means, they concluded, that there 
is a humoral factor of hepatic origin which 
stimulates peripheral glucose utilization. Tte 
experiments of Bouckaert and deDuve do not 
necessarily mean, therefore, that insulin has 
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a direct hevatic action in glycogen storage but 
might indicate the action of the humoral 
of the liver on peripheral storage. The difficulty 
in demonstrating direct insulin effect upon the 
metabolism of liver has recently been clarified by 
interesting experiments reported by Renold, 
Hastings, Nesbett and Ashmore (1955).*3 They 
report.a striking difference between the times of 
response of the rat diaphragm and liver slices to 
insulin. In the alloxanized rat the diaphragm 
responds immediately to the action of injected 
insulin by increased glucose uptake, glycogen 
synthesis and COs production. In contrast, 
hepatic carbohydrate metabolism, as measured 
by glucose uptake, glycogen synthesis from 
glucose or pyruvate and CO; production, shows 
only minirnal effect of insulin six hours after 
beginning of administration. Complete restora- 
tion to normal values does not occur until 
twenty-four to forty-eight hours after insulin 
treatment aas begun. In this connection a puz- 
zling difference between the action of insulin 
upon the carbohydrate and fat metabolism of 
liver slices in the medium is to be noted. Effects 
upon the incorporation of labeled acetate into 
higher fatty acids is easy to demonstrate (Brady 
and Gurin, 1950;? Haugaard and Stadie, 195318) 
but effects upon carbohydrate metabolism 
(increased glycogen synthesis, increased CO; 
production) cannot be demonstrated. The 
recent experiment of Renold et al. (1955)9? 
might incicate a possible solution of this 
difficulty. 

The evidence that insulin enhances glycogen 
storage in muscle is abundant and need not be 
cited in detail. The diaphragm is used exten- 
sively for metabolic studies. The rat is easily 
altered so that experiments may be performed 
under a variety of metabolic and endocrine 
conditions For these reasons rat diaphragm is 
ideal for zn vitro studies. Gemmill (1940)!? 
first showed that the rat diaphragm survived 
excellently zn vitro, utilized glucose from the 
medium and responded to insulin by utilizing 
more sugar and synthesizing more glycogen. 
Mere addition of insulin to the glucose-contain- 
ing medium increases glycogen storage. In the 
alloxan-diabetic rat, glycogen storage is sharply 
decreased and insulin in the medium increases 
the glycogen synthesis but does not increase it 
entirely to within normal limits. 

Is insulin necessary for glycogen storage? The 
answer to this was obtained by experiments of 
Lukens (1934).? He examined the breakdown 
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and resynthesis of muscle glycogen in depan- 
creatized cats at various times. The same level of 
muscle glycogen was obtained in the depan- 
creatized cat as in the normal cat but the time 
required to accomplish this was longer. 

The effect of insulin upon carbohydrate 

TABLE m 
DETERMINATION OF THE EFFECT OF INSULIN ON 


GLUCOSE METABOLISM IN EVISCERATED RABBITS USING 
ISOTOPIC GLUCOSE! 


Mean of 4 Mg. Glucose 


Equivalents 
Control Insulin 
COS Loue eek 650 2500 
(IVCOREIEL A 6o seis os Saws 130 700 
Protein. ...... 0.003 eee 110 700 


Fatty acids.............. 10 130 





metabolism in the normal rabbit is well shown 
by some experiments of Wick et al. (1951) 
which are summarized in Table m. They used 
isotopic glucose which was injected into the 
blood stream of the eviscerated preparation. 
Subsequently the carcass was analyzed for 
protein, fat and glycogen for the determination 
of radioactivity. From these data, as well as from 
the isotopic carbon recovered in the respiratory 
CO., the glucose equivalents oxidized and the 
glucose converted to glycogen, protein or fat 
could be calculated. Compared to the controls, 
insulin brought about marked increases in all 
categories: The oxidation of the glucose was 
increased about fourfold, glycogen storage about 
fivefold, and incorporation into protein and 
fatty acids six- and thirteen-fold, respectively. 
This experiment shows quite well the effect of 
insulin upon the general metabolic picture. 
What about carbohydrate metabolism in the 
intact diabetic animal? In the early literature, 
and even up to somewhat recent times, there 
was considerable confusion in the literature with 
respect to this situation. Opposing views main- 
tained, on the one extreme, that the total dia- 
betic was totally unable to oxidize glucose. 
The other extreme view maintained that there 
was no impairment of glucose oxidation in the 
diabetic. Some recent experiments by Stetten, 
Welt, Ingle and Morley (1951)*? and also by 
Feller, Chaikoff, Strisower and Searle (1951)? 
using isotopic glucose in alloxanized rats and 
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depancreatized dogs have clarified this situa- 
tion. The summarized data of Stetten et al. are 
shown in Table rv. 

Normal, alloxan-diabetic and. phlorhizinized 
rats were used in these experiments. These rats 
under membutal anesthesia were arranged for 


‘TABLE IV 
GLUCOSE UTILIZATION IN ALLOXANIZED RATSÍ? 


Normal | Phlo- | jq 
Glucose (mg./100 | rhizin- dia 
gm.rat/hr.)| ized xd 
Produced.......... 15.0 14.0 21.0 
Oxidized to COs.... 11.5 2.6 4.5 


continuous injection of isotopic glucose, collec- 
tion of urine and expired COs. The injection of 
C14.labeled glucose was at a constant rate and 
sufficient to maintain a constant level of glyco- 
suria during the experiment. The time period 
was up to twelve hours and during the later part 
of this period not only was the glucose excretion 
constant in rate but the specific activity of the 
glucose was also constant. Under these circum- 
stances it was possible to calculate the rate of 
production of glucose from non-glucose sources. 
In addition, the determination of radioactivity 
of expired CO; permitted an estimation of the 
glucose oxidized. The summarized data (Table 
iv) show: (1) the rate of production of glucose 
from non-glucose sources and (2) the glucose 
oxidized to CO. The authors conclude “that 
in the normal rat, the rates of glucose production 
and oxidation are approximately of the same 
order. In the phlorhizinized animal, a marked 
impairment in glucose oxidation is apparent, 
whereas the rate of glucose formation is un- 
altered." In the alloxanized diabetic rat “there 
appears to be a small increase in the rate of 
glucose production, although statistically this 
may not be significant. There is little question, 
however, that a decrease in the rate of oxidation 
of glucose occurred in this concition, the eleva- 
tion in glucose concentration accompanying the. 
disease." Feller et al. (1951)!° reported results on 
the depancreatized dog which are in substantial 
agreement with the conclusions of Stetten and his 
colleagues. 

The following conclusions may be regarded as 
being reasonably well established by several 
groups of workers using various types of experi- 
mental animals: (1) Glycogen synthesis from 
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glucose by liver and muscle persists in the 
absence of insulin but the rate of formation is 
diminished. (2) Compared to the normal 
animal, there appears to be an overproduction of 
glucose from protein, although the evidence is 
somewhat conflicting on this point. Net new 
formation of glucose from fat has not been 
demonstrated. (3) There can be little doubt 
that insulin markedly stimulates glycogen 
synthesis and carbohydrate oxidation in th2 
normal as well as in the diabetic animal. (4) In 
the alloxanized or depancreatized rat, rabbit 
and dog, there is significantly diminished 
oxidation of glucose, but oxidation is not com- 
pletely abolished. 

It is possible that differences within the species 
may obscure interpretation of experimental 
results so that judgment must still be reserved. 
For example, some of the questions have not yet 
been adequately tested in the depancreatized 
cat. 


EFFECT OF INSULIN ON FAT METABOLISM 
IN DIABETES 


Disturbances of fat metabolism in diabetes 
have long been known. Early concepts held that 
the complete diabetic was dependent entirely 
upon the 2-carbon compounds derived from fat 
for his energy requirements. The ketones known 
to be derived from fat were not burned and were 
excreted as such. This view is no longer tenable. 

The concept now accepted is illustrated by the 
experiments shown in Figure 2. The ability of 
the liver of the diabetic to synthesize fat is 
impaired. In addition, large amounts of fat are 
broken down into ketone bodies by beta oxida- 
tion. Certain 2-carbon compounds are formed 
which, by random redistribution, combine to 
form 4-carbon ketone bodies. Most of these 
ketones formed by the liver of the diabetic 
animal are oxidized completely in the periph- 
eral tissues and are therefore an important source 
of energy for the animal. A relatively small 
amount is excreted in the urine. This is well 
illustrated by the data shown in the illustraticn. 
Diabetic cats well treated with insulin ao 
longer produce these excessive amounts of ketone 
bodies, and slices from the liver of Houssay cats 
produce essentially none when equilibrated in 
vitro. 

The deficiency with respect to fatty acid 
synthesis, demonstrated by the experiments of 
Stetten and Klein (1946),*? are summarized in 
Table v. These authors determined the rate of 
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synthesis of fatty acids in the normal and in the 
diabetic rat by means of heavy-water ingestion. 
From the deuterium incorporated into the fatty 
acids it 1s possible to calculate comparative rates 
of formation of fatty acids from different sub- 
strates suci as glucose or acetate. The data in 


MICROMOLES /KG CAT/HOUR 
MEAN OF 8 


100 


KETONES UTILIZED 


URINARY KETONES 
 ————————— Mg 


Fic. 2. Uncontrolled fatty acid metabo- 
lism of diabetic cat liver (depancreatized 
cats). Ketone formation by liver slices 
from fatty acids accounts for almost all 
of the oxygen uptake; most of the ke- 
tones formed are utilized by the mus- 
cles; liver slices from normal cats pro- 
duce little or no ketones.*? 


Table v show that the ability of the liver of the 
diabetic rat to synthesize fatty acids and glucose 
is much less than in the normal rat. Furthermore, 
insulin in the normal animal increases fatty acid 
synthesis approximately five-fold whereas it has 
no significant effect in the diabetic. Deficiency 
of fat synthesis thus became established as a 
major metabolic defect of the diabetic. Stetten 
and Klein (1946)*8 did not conclude that this 
defect was a primary one in diabetes. Subsequent 
work by others makes it apparent that fat 
synthesis fails when there is inability, as in the 
diabetic or starved animal, for intermediaries 
of the glvcolytic or Krebs cycle to be derived 
from glucose. 

The inability of the liver of the diabetic to 
synthesize fatty acids from glucose, acetate and 
lactate hzs been well established by experiments 
with liver slices and labeled nutrilites. Typical 
evidence of this type is shown in Table vı 
which gives representative data from some ex- 
periments of Chernick and Chaikoff (1950).$ 
The liver from alloxanized rats fails completely 
to incorporate the labeled glucose into fatty 
acids. Prolonged insulin treatment prior to 
sacrifice of the rat for the preparation of the 
liver slices is required for the restoration of fatty 
acid synthesis. It might be re-emphasized here, 
as referred to in the previous discussion of the 
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paper of Renold, Hastings, Nesbett and Ash- 
more (1955),?? that, whereas the addition of 
insulin to normal rat liver slices results in 
increase of fatty acid synthesis of acetate, no 
such insulin effect has been demonstrated 
unequivocally by the mere addition of insulin 


TABLE V 
LIPOGENESIS FROM GLUCOSE DETERMINED BY DEUTERIUM 
. FEEDING 48 








Deuterium in Fatty Acids 
(per cent of D in body water) 


Liver Carcass 
Diabetic. oua es 2.7 1.2 
Diabetic -+ insulin.... 1.4 1 
Normal. I s ecuEeRE 6.6 0.8 
Normal -+ msulin..... 6.1 2.3 


TABLE VI 
CONVERSION OF ClÁ-GLUCOSE TO FATTY ACIDS BY 
ALLOXANIZED RAT LIVER SLICES® 





Per cent C-*-Glucose 
per Gm. Liver as 
Fatty Acids 


Untreated 
Insulin treated 


to liver slices equilibrated im vitro. Prior treat- 
ment of some long duration is necessary to bring 
about such insulin effect. 


RELATIONSHIP BETWEEN CARBOHYDRATE AND 
FAT METABOLISM 


There are many experiments in the literature 
by Lehninger (1951)?5 and others which show 
that fatty.acid metabolism by liver mitochondria 
can proceed in several directions depending 
upon the makeup of the system with respect to 
carbohydrate intermediaries. Thus the experi- 
menter can arrange to have, within certain 
limits, fatty acid oxidation, fatty acid synthesis or 
ketone formation predominate. There are 
_ experiments on other tissues which show similar 
interrelations between fatty and carbohydrate 
metabolism and which have significance in cur- 
rent conceptions of insulin action. 

Baker, Chaikoff and Schusdek (1952)! re- 
ported experiments bearing on this aspect of the 
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insulin problem. (Table vir.) They measured the 
incorporation of labeled nutrilites into fatty 
acids by rat liver slices in vitro, using rats which 
had been on various diets for two or three days 
before the experiment. In the case of the normal 
rat, glucose or fructose in the prior diet made no 


TABLE vi 
EFFECT OF DIET ON SYNTHESIS OF FATTY ACIDS BY RAT LIVER 
SLICES! 


Per cent of Isotope Recovered 
in Fatty Acid /0.5 Gm. 


BErevious (mean of 4 to 5 rats) 
Diet 
Acetate 
Normal..... Glucose 5.5 
Normal..... Fructose 7.7 
Diabetic.....| Glucose 0.8 
Diabetic.....| Fructose 3.5 





difference in the fatty acid synthesis of lactate 
or acetate. The alloxanized rats, however, be- 
haved differently. When glucose was the sugar 
fed the rat liver slices showed markedly di- 
minished fat synthesis from lactate or acetate. In 
the case of fructose feeding, however, synthesiz- 
ing ability was essentially that of normal. It is to 
be noted that these effects were obtained with- 
out insulin. Furthermore, the ability of the 
liver slice to oxidize glucose was not restored. It 
appears from these experiments that loss of 
lipogenesis by the liver of the diabetic is not a 
primary defect. It appears to be secondary to 
loss of ability to utilize glucose. Fructose can 
circumvent the difficulty and furnish products of 
glycolysis which, by their metabolism, furnish 
energy for the synthesis of fatty acids. These 
experiments have commonly been interpreted 
to meàn that in diabetes the action of gluco- 
hexokinase is impaired so that glucose cannot be 
phosphorylated by the hexokinase reaction to 
enter into the glycolytic schema. On the other 
hand, fructohexokinase, which has been shown 
to exist as a separate enzyme distinct from 
glucohexokinase, is supposed to be unaffected in 
the diabetic. However, a close examination of 
the literature, for example, Renold, Hastings, 
Nesbett and Ashmore (1955),?* demonstrates 


. that the ability of alloxanized rat liver to 


metabolize fructose, while not abolished, is 
significantly lower than in normal rats. In view 
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of this finding it cannot be maintained that the 
defect in diabetes impeding the metabolism of 
glucose is completely non-operative in the case 
of fructose. 

The dependence of fatty acid synthesis from 
lower fatty acids upon products of glycolysis has 


TABLE VIN 
FATTY ACID SYNTHESIS BY EXTRACTS OF LIVERS OBTAINED 
FROM DEPANCREATIZED PIGEONS*® 





Isotopic Acetate Syn- 
thesized into Higher 
Fatty Acids. Micro- 

moles/10 Mg. of 
Fatty Acids ' 


Liver Extract 





— — MÓN EE 


Normal pigeons 0.61 
Diabetic pigeons 
Additions to medium 
No additions 0.1 
Glycogen 1.0 
Fructose-1-6-diphosphate 1.7 
Glucose-6-phosphate 


Insulin No effect 


* Higher results were obtained in later experiments. 


been well demonstrated by a number of workers: 
Brady and Gurin (1950),* and Shaw and Gurin 
(1953).4° Brady and Gurin found that livez 
slices from fasted or diabetic animals cannot 
synthesize fatty acids from labeled acetate, 
in contrast to corresponding preparations from 
normal fed rats. Summarized data from the 
work of Shaw and Gurin are shown in Table vm. 

To overcome the difficulties of cell permeabil- 
ity and other problems pertaining to entrance 
of nutrilites into the cell, cell-free preparations cf 
mitochondria from livers of depancreatized 
pigeons or alloxanized rats were used. Thess 
preparations retain active glycolytic properties 
and also perform all the oxidative reactions of 
the Krebs cycle. In the presence of compouncs 
capable of glycolysis and oxidation by these 
mitochondrial suspensions, fatty acid synthes:s 
Occurs at a rate comparable to that of the intact 
liver slices. These compounds were hexose 
monophosphate, hexose diphosphate and glyco- 
gen. These authors also found that ATP and 
diphosphopyridine nucleotide are necessary 
for the synthesis. It must be remembered that 
intact slices from normal fed rats respond to 
insulin by incorporating more labeled acetaze 
into fatty acids, in contrast to slices from fasted 
or diabetic rats which do not respond to insulin. 
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These facts, together with the recent experiments 
of Haugaard and Stadie (1952),'? indicate that 
oxidation of glycolytic products furnish the 
energy (presumably through the formation of 
ATP) to bring about the synthesis of fatty acids 
by liver. (Fig. 3.) 


RADIOACTIVITY OF LIVER FATTY ACIDS 
CPM / Mg C 





100 200 300 400 500 600 


INITIAL SLYCOGEN CONCENTRATION, MICROMOLES (as Glucose ) 
PER GRAM OF LIVER 


Fic. 3. Association of fatty acid synthesis and glycolysis. 
The initial liver glycogen was varied by antecedent 
feeding. The higher the initial value, the greater is , 
the incorporation of isotopic acetate into fatty acids, 
thus indicating the need for glycolytic products for 
the synthesis. !7 l 


CONSIDERATION OF THEORIES OF METABOLIC 
DEFECTS ATTRIBUTABLE TO INSULIN 
DEFICIENCY 


There are many papers in the literature which 
report exp2riments seeking to pinpoint a meta- 
bolic defect resulting from insulin deficiency or 
excess of contrainsulin factors. T'hese have been 
numbered in the metabolic schema shown in 
Figure 1 and are: (1) the permeability or transfer 
hypothesis, (2) the glucohexokinase hypothesis, 
(3) the hvpothesis implicating deficiencies of 
high-energy phosphate formation, and (4) 
failure of key oxidative reactions, particularly 
of the Krebs cycle. Space does not permit a 
detailed discussion of all the evidence available 
in this field. An attempt will be made to evaluate 
critical evidence in relation to the aforemen- 
tioned hypotheses. 

7. Permeability or Transfer Hypothesis. This 
postulates that, at cell surfaces or perhaps at 
cell-particulate interfaces which separate enzyme 
systems one from another, there are barriers 
(either of a physical or a chemical character) 
that control the entrance of metabolites to the 
sites of enzyme action. These barriers may be 
altered by imbalance of hormones such as 
insulin (alone or associated with pituitary or 
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adrenal factors) so that impairment cf transfer is 
altered. 

Representative data reported by Levine and 
his coworkers (1950),?9 who were the first to 
advocate the permeability or transfer theory, are 
shown in Figure 4. Eviscerated-nephrectomized 


BLOOD GALACTOSE 
MG PER (OO ML 


200 NO INSULIN: GALACTOSE SPACE» 


45% OF BODY WEIGHT 


100 





Q | 


e 
HOURS 
Fic. 4. Permeability theory of insulin action. A meta- 
bolically inert sugar (galactose) was injected into 
eviscerated-nephrectomized dogs and the blood galac- 
tose levels followed. Insulin injection markedly in- 
creased the “galactose space" indicating its action on 
“transfer of sugar" across cell barriers. !? 


animals were used into which were injected 
galactose intravenously. Within a comparatively 
short time after the injection blood galactose 
levels became constant, and a calculation of the 
volume of distribution of galactose could be 
calculated since, in the type of preparation used, 
galactose is not metabolized. Without insulin, 
as the illustration shows, the galactose space 
was approximately 45 per cent of the weight of 
the preparation. But following insulin injection 
this increased regularly to about 75 per cent, 
which represents body water. These results were 
interpreted by the authors to mean that there is a 
barrier which normally excludes glucose from 
the considerable portion of the body space 
but under the action of insulin this barrier is 
lifted. The mechanism by which insulin produces 
this effect is unknown. In order to avoid implica- 
tions as to mechanisms, Levine et al. (1950)?6 
advocated that the mechanism be termed a 
“transfer mechanism" rather than a “‘permeabil- 
ity mechanism.” These authors performed 
similar experiments using a variety of sugars of 
different configurations. They found that some 
were f*insulin-responsive" whereas others were 
““insulin-non-responsive.” The insulin-respon- 
sive sugars had a common configuration in car- 
bon 1, 2 and 3, namely: 


~ 
HCOH 


| 
isst ad 


Later Park (1953)?? used isotopic glucose under 
appropriate conditions and showed that the 
injection of insulin was followed by an increase 
of “free” glucose in the heart, skeletal muscle 
and diaphragm of the rat: 


Glucose in tissues 


Extracellular distribution. .... No insulin 
Distribution increased four- to 
fivelold eseria oe RE Rw bs With insulin 


Mirsky and his coworkers (1953)!5 performed 
similar experiments studying the rate of penetra- 
tion cf various sugars into the rat diaphragm zn 
vitro. ‘They also concluded that one action of 
insulin was to accelerate the entrance of certain 
sugars into muscle. Confirmatory evidence of 
the transfer hypothesis was reported by Ross 
(1951 and 1952).*536 Ross studied the rate of 
transfer of glucose across the blood-aqueous 
barrier in the eye of the normal alloxanized 
rabbit. He obtained his experimental results 
by maintaining the blood sugar of the rabbit at 
elevated levels by appropriate injection and then 
measuring the rate of increase of glucose con- 
centration in samples of aqueous humor ob- 
tained from time to time from the anterior 
chamber. These data enabled him to calculate 
velocity constants expressing the rate of transfer 
of glucose across the barrier of the ciliary bodies. 
In contrast to the normal rabbit, the velocity 
constants of glucose transfer were significantly 
diminished in the alloxanized rabbit. Ross also 
found that under the action of injected insulin 
the rate of transfer of glucose across this cell 
barrier increased. 

The evidence here presented seems impressive 
in indicating that insulin is concerned with the 
passage of glucose across cell boundaries. The 
manner in which this effect is achieved remains 
unknown and the precise significance of a possi- 
ble decrease in permeation of glucose into tissues 
as a factor in diabetes mellitus remains to be 
determined. As will be discussed subsequently, 
the demonstration of insulin effects upon glucose 
transfer makes it difficult to evaluate certain 
evidence which has hitherto been cited to sup- 
port the hexokinase theory of insulin action. 
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2. Hexokinase Theory of Insulin Action. 
sideration of the metabolic schema shown in 
Figure 1 indicates that interference with the 
catalytic action of glucohexokinase results in 
diminished formation of glucose-6-phosphate. 
As a result, the entrance of glucose into the 
glycolytic cycle would be inhibited, the forma- 
- tion of glycogen would decrease, the oxidation of 
glucose would be diminished and, indirectly, 
there would be serious interference with the 
further metabolism of fat and protein. In other 
words, all of the metabolic derangements ob- 
served in diabetes mellitus could be explained 
upon the basis of an impairment of the hexo- 
kinase reaction in mammalian tissue. The hexo- 
kinase hypothesis of the diabetic defect therefore 
becomes a very attractive one and has received 
much discussion in the literature. 

lo obtain unequivocal evidence supporting 
the hexokinase hypothesis, systems must be 
used in which cell boundaries or cell-particulate 
interfaces between nutrilites and enzyme systems 
have been eliminated by appropriate means. 
Otherwise the effects observed could be eauallv 
well attributed to transfer or permeabilitv 
changes brought about by hormonal action. 
The demonstration of a differential effect cf 
hormones upon sugars other than glucose does 
not overcome this difficulty since it is always 
possible that hormonal effects upon transfer or 
permeahility have a degree of specificity depend- 
ent upon the constitution of the sugar. Indeed 
such evidence is already in the literature. 

Attempts to demonstrate altered hexoxinase 
reactions in systems devoid of cellular barriers, 
for example extracts obtained from muscles of 
normal and diabetic rats, have been reported in 
the literature. The diminution of hexokinase 
activity reported was attributed to an excess of 
pituitary or adrenal factors. In this situation the 
addition of insulin in vitro was presumed to r2- 
lease the inhibition brought about by the adrenal 
and pituitary factors. An evaluation of the 
evidence in the literature, however (Stadie, 
195441), failed to substantiate these early 
claims. A summation of the evidence indicates 
that insulin, pituitary or adrenal factors, singly 
or together, have no influence upon the hexo- 
kinase reaction when this is determined in cell- 
free tissue preparations from normal or diabe-ic 
animals. It is worthwhile noting that the early 
equivocal evidence is frequently cited in the 
literature in support of the hexokinase hypothesis. 

This negative evidence with extracts, how- 


AUGUST, 1955 


267 


ever, does not necessarily rule out the possibility 
that in the intact animal or intact tissues in vitro 
it might still be possible to demonstrate a defect 
in the hexokinase reaction associated with the 
diabetic state. Two experimental approaches 
have been used for this type of study: The ‘first 
is based upon the demonstrated fact that 
liver and muscle have separate hexokinases 
specific for glucose and fructose (glucohexo- 
kinase and fructohexokinase). If these hexo- 
kinases are not only specific with respect to their 
substrates but are also different in their response 
to insulin, for example, if glucohexokinase is 
insulin-sensitive and fructohexokinase is not, it 
would be expected that the metabolism of glu- 
cose would be affected in the diabetic state 
whereas fructose metabolism would be within 
normal limits. The second method of studying 
the hexokinase reaction in intact tissue is based 
upon the assumption that reactions in the 
glycolytic cycle beyond formation of glucose-6- 
phosphate are independent of insulin action and 
therefore are unaltered in the diabetic state. 
In consequence, therefore, the study of reactions 
involving members of the glycolytic cycle would 
shed light indirectly upon the involvement of the 
hexokinase reaction. Examples of both types of 
evidence will be cited. 

Cori (1949)? discussed experiments in which 
glucose or fructose was injected into eviscerated 
rats and the effect of insulin upon the rate of 
utilization was studied. Typical data from their 
paper are shown in Figure 5. Sixty minutes after 
injection of the sugar the animal was sacrificed 
and the carcass analyzed for residual sugar. 
The calculated results support the glucohexo- 
kinase hypothesis since in the case of glucose in- 
jection of insulin markedly accelerated the rate 
of disappearance of injected glucose so that 
essentially none was recovered. In the case of 
fructose ro acceleration of utilization was ob- 
served. Experiments employing glucose and 
fructose were reported by Renold, Hastings and 
Nesbett (1954).?? In this study liver slices from 
normal and diabetic rats were equilibrated zn 
vitro with the respective sugars. The use of 
isotopic glucose and fructose enabled the authors 
to calculate the utilization of these two sugars 
and the synthesis.of glycogen from them. A 
summary of their data is reported in Table rx. 
The uptake of glucose was significantly dimin- 
ished in the diabetic whereas that of fructose was 
essentially unaltered. However, it is to be noted 
that the synthesis of glycogen from both glucose 
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and fructose was markedly diminished. This 
would indicate that impairment of fructose 
metabolism also is a factor in diabetes. The 
authors, however, regard their data as indication 
that the chief if not the sole defect in diabetes is 
the impairment of the glucohexokinase reaction. 


SUGAR RECOVERED 


IN 60 MINUTES 
PER CENT 
10 GLUCOSE FRUCTOSE 
INSULIN O t O t 





Fic. 5. Hexokinase theory of insulin ac- 
tion, Comparison of the effect of insulin 
upon the utilization of glucose and 
fructose by eviscerated rats; residual 
sugar (per cent of that injected) in the 
carcass was determined sixty minutes 
after injection. The increase in the 
utilization of glucose following insulin 
injection is assumed to be due to the 
acceleration of glucohexokinase; in 
contrast, the absence of effect with 
fructose is presumably because fructo- 
hexokinase is not affected.? 


Experiments involving this second assump- 
tion are illustrated by data (Fig. 6) from a paper 
by Teng, Sinex, Deane and Hastings (1952).5° 
They equilibrated liver slices from diabetic- 
adrenalectomized and normal rats with glucose 


TABLE IX 
CONTRAST OF GLUCOSE AND FRUCTOSE METABOLISM BY 
LIVER SLICES FROM NORMAL AND DIABETIC RATS?? 





Micromoles per Gm. in 90 Min. 


Normal Diabetic 
Total uptake 
Glucose 546-5544, 37 14 
Fructose......... 96 39 
Glycogen 
From glucose.... 15 0.5 
From fructose.... 18 229 





„or pyruvate. In the case of the diabetic-adrenal- 


ectomized rat maximum affects should be 
observed. They reported that in the diabetic- 
adrenalectomized rats synthesis of glycogen from 
glucose was markedly diminished whereas that 
from pyruvate was essentially unaltered. The au- 


GLYCOGEN SYNTHESIS 
MG PER GM LIVER 





D-A 
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5 | 
SUBSTRATE: GLUCOSE PYRUVATE 


Fic. 6. Hexokinase hypothesis of insulin action; 
synthesis by liver slices from normal (N) or 
diabetic-adrenalectomized (D-A) of glycogen 
from isotopic glucose or pyruvate. Synthesis 
from glucose by D-A rat liver was depressed; 
conversion of pyruvate to glycogen was not 
found to have been impaired in D-A rat liver 
slices. The authors conclude that the results are 
in accord with the hypothesis that hexokinase 
activity in tissues is impaired. 5? 


thors concluded that “If the hexokinase hypoth- 
esis is correct, one would anticipate a decrease 
in glycogen synthesis from glucose but normal 
glycogen synthesis from pyruvate. Such indeed 
are our findings." A similar type of experiment 
was reported by Chernick and Chaikoff (1951).7 
They studied the metabolism of liver slices from 
normal and from alloxan-diabetic rats when 
equilibrated in isotopic glucose or fructose. Both 
CO; production and fatty acid synthesis were 
determined. The data (summarized in Table x) 
show that production of CO; and of fatty acids 
from labeled glucose was significantly diminished 
in the diabetic animal. On the other hand, 
fructose showed unimpaired production of CO; 
but diminished synthesis of fatty acids. On the 
basis of these data the authors concluded that the 
two hexokinases in the liver reacted differently 
to insulin. That for glucose was impaired by 
lack of insulin whereas that for fructose was 
uninfluenced. However, the lack of fructose 
incorporation into fatty acids in the alloxanized 
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preparation brought the authors to an addi- 
tional conclusion, namely, that diabetes was 
associated with a dual block, one of which ir- 
volved conversion of the 2-carbon-like com- 
pound to fatty acids. ‘ 

Other experiments of these two types have 


TABLE X 
COMPARISON OF PRODUCTION OF COs AND FATTY ACIDS FRCM 
ISOTOPIC GLUCOSE AND FRUCTOSE BY LIVER SLICES FROM 
NORMAL AND DIABETIC RATS? 





Sugar Recovered from Slices 


Per cent 
No. of 
Rats Glucose Fructose 

Fatty Fatty 
CO: Acids CO: Acids 

MEN EY —-—-—-—-—-————————— ————Ó— 
Normal...... 6 4.0 0.59 6.8 0.82 
Diabetic ..... 6 1.1 0.02 6.2 0.10 


been offered as evidence that the hexokinase 
reaction in intact tissue is involved in the diabe-ic 
state. Can these conclusions be accepted? 
Only with reserve because evidence for tae 
involvement of a “‘transfer mechanism" in the 
diabetic state is so strong that it cannot be 
excluded as governing the entrance of certzin 
sugars into the sphere of action of enzyme 
systems. This makes it difficult to determine 
whether the deceleration or acceleration of 
metabolic reactions by endocrine disturbances is 
due to action on specific enzymes such as 
hexokinase or on some mechanism, still unde- 
termined, which accelerates passage of substrates 
across cellular barriers. 

3. Effect of Insulin Upon Oxidative Phosphor, la- 
ton. The metabolic schema shown in Figure 1 
indicates that the oxidative reactions of che 
Krebs cycle are concerned with the genera- 
tion of energy-rich phosphate bonds (ATP, znd 
so on). These bonds are involved in a large num- 
ber of reactions such as the formation of glucose- 
6-phosphate by the hexokinase reaction, synthe- 
sis of fat and protein, and so on. The hypothesis 
cannot be excluded that a deficiency in the 
generation of these energy rich phosphate boads 
might be a factor in the disturbed metabolism of 
diabetes mellitus. Many papers have bzen 
published presenting experimental evidence 
which is interpreted to support this hypothesis. 
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Early work on phosphate metabolism in the 
normal ard in the diabetic, and the effect of 
injected insulin thereon, has been reviewed. 
(Stadie, 1954).*! Both zn vivo and in vitro analyses 
have been carried out on liver and muscle in 
which the various phosphate compounds such as 
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Fic. 7. Oxidative phosphorylation hy- 
po:hesis of insulin action; the rate of in- 
corporation of P in the blood into ATP 
of cat muscle following injection of P?? 
and insulin. Samples were taken for 
analysis three hours after insulin. Glu- 
cose was injected initially with the iso- 
topic P in all instances. Insulin sig- 
nificantly increased the rate of turnover 


of P32 in ATP.37? 


glucose-1-phosphate, glucose-6-phosphate, ATP, 
ADP ard inorganic phosphate have been 
separatec and quantitated. The relations among 
these substances have been determined fol- 
lowing the injection of glucose or glucose plus 
insulin. in addition, the rates of exchange o 
isotopic inorganic with organic phosphates 
following glucose or glucose plus insulin injec- 
tions have been studied. Chief among the 
experimenters in this field are Kaplan and 
Greenberg (1944),?—3 Sacks (1948, 1952, 
1953)77—? and Haugaard, Marsh and Stadie 
(1951).1* The results of these experiments are 
difficult to evaluate. In general, the evidence 
would lead one to conclude that some type of 
interference with the generation of high-energy 
phosphates is associated with the diabetic state or 
the action of insulin. On the other hand, none 
of the evidence enables one to determine un- 
equivocally whether this influence is direct or 
merely secondary to effects of the general 
metabolic status of the tissue with respect to 
carbohydrate oxidation. For example, Sacks 
(1948)%7 calculated the rate of labile P turnover 
of ATP following the injection of P**. These 
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results are indicated in Figure 7. Sacks (1948)? 
concluded that the administration of glucose 
and insulin brought about an increased rate of 
phosphate transfer across the cell membrane 
but he did not speculate as to the mecha- 
nism involved. Goranson, Hamilton and Haist 
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Fic. 8. Phosphorylation hypothesis; presumed impair- 
ment of oxidative phosphorylation leading to impair- 
ment of acetylation of injected para-aminobenzoic 
acid by diabetic rats. The hatched area indicates 
the approximate standard error of the data.! 


(1948)!* reported similar observations using 
tracer phosphates and suggested the possibility 
that insulin influenced oxidative phosphoryla- 
tion bringing about accelerated formation of 
ATP. More direct evidence was reported by 
Charalampous and Hegsted (1949).5 They 
studied the rate of acetylation of a foreizn amine 
(para-aminobenzoic acid) when injected into the 
normal or the alloxan-diabetic rat. 

This acetylation is known to be dependent 
upon the availability of high-energy phosphate. 
The results of these experiments (Fig. 8) showed 
a distinct impairment of the ability of the 
alloxan-diabetic rat to acetylate PAB. The 
authors pointed out that this decreased. acetyla- 
tion was restored to normal by the injection of 
insulin. Another reaction requiring high-energy 
phosphate, using rat liver homogenate, has 
also been studied by Foa, Weinstein, Smith and 
Greenberg (1952). They studied the phos- 
phorylation of thiamine using rat liver homog- 
enates from the normal and from the al- 
loxanized diabetic rat. A summary of their 
results is shown in Figure 9. In the alloxan- 
diabetic rat, compared to the normal, there was 
no diminution of total thiamine but the per- 
centage of thiamine phosphorylated was signif- 
icantly diminished. 

These experiments, together with similar 
ones reported in the literature, constitute evi- 
dence of an indirect nature that high-energy 
phosphate formation is involved in the diabetic 
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state. The first recorded evidence of a more direct 
character on this aspect of insulin action was 
reported by Stadie and Vester (1955).4® The 
reactions of oxidative phosphorylation appear 
to be limited to the mitochondria. ‘Therefore the 
comparison of the behavior of mitochondria from 


ALLOXAN- THIAMINE 
NORMAL DIABETIC DEFICIENT 
NO. OF RATS u tO 9 
TOTAL THIAMINE 
PER CENT OF THIAMINE 
AS THIAMINE PHOSPHATE 
i00 ,. 





Fic. 9. Oxidative phosphorylation hypothesis of insulin 
action; diminution of phosphorylated thiamine in 
livers from alloxanized-diabetic rats. !! 


normal and diabetic animals with respect to ATP 
synthesis would constitute a fairly direct 
measurement of possible impairment of oxida- 
tive phosphorylation in diabetes. The mito- 
chondria were obtained by the customary dif- 
ferential centrifugation of homogenates pre- 
pared from the liver of the cat. The washed 


. TABLE XI 
OXIDATIVE PHOSPHORYLATION * BY LIVER MITOCHONDRIA 
PREPARED FROM LIVERS OF NORMAL AND 
DEPANCREATIZED CATS‘ 


Pyruvate B-Hydroxybutyrate 





* Data gives rates of formation of adenosine triphos- 
phate (um per minute per mg. of mitochondrial protein) 
in presence of pyruvate or beta-hydroxybutyrate. 


mitochondria were suspended in a buffer solution 
containing phosphate, pyruvate or beta-hy- 
droxybutyrate. The high-energy phosphate 
formed as ATP was trapped as glucose-6- 
phosphate by combination with glucose catalyzed 
by added yeast hexokinase. The data (Table x1) 
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show that mitochondrial preparations derived 
from the liver of depancreatized cats werz 
significantly deficient in their oxidative phos- 
phorylation when pyruvate or beta-hydroxy- 
butyrate were used as sources of energy. Simu.- 
taneous measurements of oxygen consumptioa 
made it possible to calculate the P:O ratio, 
which may be taken as a measurement of tbe 
efficiency of oxidative phosphorylation. This also 
was diminished in systems of mitochondria from 
diabetic cats. A later series of experiments of a 
similar character confirmed these preliminary 
observations. This direct indication of tke 
impariment of oxidative phosphorylation ob- 
served in the liver of the depancreatized cat 
requires further exploration before its full 
significance can be evaluated. 

4. Effects of Insulin on Oxidative Reactions in tae 
Krebs Cycle. The possibility that the Krebs 
oxidative cycle may be a site of action of insulin 
is indicated in the schema of Figure 1. A number 
of papers have appeared in the literature sun- 
porting this possibility. Krebs and Eggleston 
(1938) + studied the effect of insulin upon oxygen 
uptake of mince of pigeon breast musck. 
The type of data they reported is schematized 
in Figure 10. The oxygen uptake was measured 
in the presence and absence of insulin. They 
found that when catalytic amounts of members 
of the Krebs cycle (for example, citric acid or 
succinic acid) were present a typical effect was 
obtained. This consisted of prolongation of tne 
ability of the muscle mince to take up oxygen. 
No significant acceleration of the oxygen up- 
take took place during the initial period but 
oxygen uptake with insulin continued for a 
much longer period than without, so that the 
total oxygen uptake might be doubled. The 
authors concluded from this type of experiment 
that “insulin is a catalyst concerned with one of 
the stages of citric acid cycle." ‘These experi- 
ments with pigeon breast muscle have been 
confirmed. However, muscle from rabbits, cats 
and dogs appeared not to exhibit the phenom- 
enon. Attempts to show a difference of behavior 
of normal and depancreatized cats were 
unsuccessful (Stadie, Zapp and Lukens, 1940-77), 
nor was any effect of insulin observed in either 
of these preparations. ‘These anomalous results 
have served to discredit the significance of 
experiments with muscle mince in the study of 
insulin action. 

Other effects of insulin upon oxidative reac- 
tions have been reported. For example, oxida- 
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tion of pyruvate by minces of pigeon breast 
muscle has been shown to be increased by 
insulin (Rice and Evans, 1943;?* Stadie, Hau- 
gaard and Perlmutter, 1948).** The oxidation of 
pyruvate to CO; by rat diaphragm and heart 
ventricle slices from the alloxanized rate have 


OXYGEN UPTAKE 
CMM. 


5 


Q 2 3 4 
HOURS 


Fic. 10. Krebs cycle oxidations stimu- 
lated by insulin; the oxygen uptake of 
pigeon breast muscle mince + boiled 
muscle extract and catalytic amounts of 
citrate X insulin. Insulin produces a 
mcre prolonged uptake of oxygen 
sometimes doubling the total uptake.?4 


been reported by Hastings et al. (1949).** They 
concluded from their experiments that there is 
“diminished ability of cardiac and diaphragm 
muscle to carry out the steps required to convert 
pyruvate to CO;." 220 

It is obvious from a consideration of the 
experiments discussed that a decision from the 
four possibilities of insulin action here outlined 
is impossible now. The situation is confused 
and alternative hypotheses rival each other in 
the weight of evidence massed for their support. 
In addition, it would be possible to collect other 
experimental evidence which would not fit into 
any of these hypotheses. It is possible that a 
synthesis of the conflicting evidence will be 
forthcoming in the near future which will 
resolve these contending difficulties. 


RELATION OF INSULIN TO FAT AND PROTEIN 
METABOLISM 


It is outside the scope of this review to discuss 
this area in detail. The summation of evidence 
indicates that there is no direct action of insulin 
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. upon fat or protein metabolism. Disturbances of 
the metabolic pathways in question appear to be 
the indirect results of faulty carbohydrate 
metabolism, already discussed. 


COMBINATION OF INSULIN WITH TISSUES 


A brief discussion of this phenomenon is perti- 
nent in any review of insulin action. It is well 
known that substrates combine with enzymes 
before they undergo chemical reaction. This 
phenomenon is formulated in the Michaelis- 
Menten concept which was well reviewed by 
Clark (1952).® Indeed, it would be difficult to 
imagine how the chemical reactivities of sub- 
strates could be influenced unless they came 
within the molecular distance of enzymes. 
Otherwise action at a distance would have to be 
invoked. À similar relationship must hold for the 
action of hormones upon enzymatic systems. 
The hormone must approach within molecular 


distance of the enzyme, otherwise it would be . 


difficult to conceive how the hormone could 


affect enzymatic action. It is possible to con-: 


ceive that this close approach of hormones to 
tissue would be of such nature that it could be 
characterized as a combination of a chemical 
character. At all events, a phenomenon first 
reported by Stadie, Haugaard, Marsh and 
Hills (1949)4* was interpreted to indicate the 
possibility of such a combination of insulin with 
tissue. A rat diaphragm was momentarily dipped 
into a solution containing insulin and then 
thoroughly washed in saline. It was then equili- 
brated with glucose (no insulin being added) and 
after a suitable time was analyzed to determine 
the synthesis of glycogen. Compared to a hemi- 
diaphragm from the same rat not treated with 
insulin, a marked increase in glycogen synthesis 
was invariably observed. This was interpreted to 
mean that during the momentary exposure to 
insulin the tissue had combined with it so 
firmly as to resist the disassociating action of 
washing. This combined insulin retained” its 
customary metabolic effect on the diaphragm by 
increasing the uptake of glucose and the syn- 
thesis of glycogen. In later experiments Stadie 
et al. (1952 and 1953)**45$ measured accurately 
the amount of insulin bound by using insulin 
tagged with iodine-131 or S-35. It was found that 
the metabolic activity of the bound insulin was 
proportional to the amount bound. In addition, 
the bound insulin was influenced by the hor- 
monal state of the animal, being decreased in 
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the alloxanized animal, in the rat injected with 
growth hormone or cortisone singly or together, 
and markedly increased in the case of the hypo- 
physectomized rat. Further study of this 
phenomenon is necessary before complete 
evaluation is possible. 


REFERENCES 


1. Baker, N., Cuarxorr, I. L. and Scuuspex, A. Effect 
of fructose on lipogenesis from lactate and acetate 
in diabetic liver. J. Biol. Chem., 194: 435, 1952. 

2. BouckaEgRT, J. P. and pgDuvzg, C. The action of 
insulin. Physiol. Rev., 27: 39, 1947. 

3. Brapy, R. O. and Gurin, S. The biosynthesis of 
radioactive fatty acids and cholesterol. J. Biol. 
Chem., 186: 461, 1950. 

4. BRADY, R. O. and Gurin, S. Biosynthesis of labeled 
fatty acids and cholesterol in experimental 
diabetes. J. Biol. Chem., 187: 589, 1950. 

5. CHARALAMPOUS, F. C. and Hzcsrzp, D. M. Acetyla- 
tion in the diabetic rat. J. Biol. Chem., 180: 623, 
1949. 

6. Cuernick, S. S. and CuHaArkorr, I. L. Insulin and 
hepatic utilization of glucose for lipogenesis. J. 
Biol. Chem., 186: 535, 1950. 

7. CuHERNICK, S. S. and Cuarkxorr, I. L. Two blocks in 
the carbohydrate utilization in the liver of the 
diabetic rat. J. Biol. Chem., 188: 389, 1951. 

8. CLARkK, W. M. Topics in Physical Chemistry, 
p. 217. Baltimore, 1952. Williams and Wilkins Co. 

9. Conr, G. F. Influence of hormones on enzymatic 
reactions. First Internat. Congr. Biochem., 9: 25, 1949. 

10. Fetter, D. D., Cnarkorr, I. L., SrRISOwER, E. H. 
and SEARLE, C. L. Glucose utilization in the 
diabetic dog, studied with Ci*-glucose. J. Biol. 
Ckem., 188: 865, 1951. 

11. Foa, P. P., Werstrem, H. R., Sartu, J. A. and 
GREENBERG, M. Effects of insulin on thiamine 
phosphorylation and desphospharylation in liver 
homogenates of normal, thiamine-deficient, and 
alioxan-diabetic rats. Arch. Biochem., 40: 323, 1952. 

12. GxMwiLL, C. L. The effect of insulin on the glycogen 
content of isolated muscles. Bull. Johns Hopkins 
Hesp., 66: 232, 1940. 

13. GorpsrziN, M. S., Henry, L. W., HupprzsrUN, B. 
and Levine, R. The action of insulin on the trans- 
fer of sugars across cell barriers: the common 
chemical configuration of substances responsive 
to the action of the hormone. Am. J. Physiol., 173: 
207, 1953. 

14. Goranson, E. S., HAuirTON, J. E. and Hassr, R. E. 
Changes in phosphate and carbohydrate metab- 
olism in shock. J. Biol. Chem., 174: 1, 1948. 

15. Harr, D. IL, Mirsky, A. and Perrsutrti, G. Influence 
of insulin on uptake of monosaccharides by iso- 
lated rat diaphragm. Proc. Soc. Exper. Biol. @ Med., 
82: 60, 1953. 

16. HAUGAARD, N., Marss, J. B. and Srapig, W. C. 
Phosphate metabolism of the isolated rat dia- 
phragm. J. Biol. Chem., 189: 59, 1351. 

17. Haucaarn, E. S. and Strap, W. C. Relation be- 
tween glycogen content and synthesis of fatty acids 
by rat liver. J. Biol. Chem., 199: 741, 1952. 


AMERICAN JOURNAL OF MEDICINE 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


29. 
26. 


27. 


28. 


29. 


30. 


31. 


32. 


33, 


Mechanisms of Irsulin Action-—Stadie 


HauGaarp, E. S. and Strane, W. C. The effect of 
hyperglycemic-glycogenolytic factor and epine- 
phrine on fatty acid synthesis. J. Biol. Chem., 200: 
153, 1953. 

Houssay, V. A. and Brasorre, A. The hypophysis, 
carbohydrate metabolism and diabetes. Endo- 
crinology, 15: 511, 1932. 

KAPLAN, N. O. and GREENBERG, D. W. Radioactive 
phosphate as an indicator of the relationship be- 
tween the phosphate changes of blood, muscle and 
liver, following the administration of insulin. 
Am. J. Phystol., 140: 598, 1944. 

KAPLAN, N. O. and GREENBERG, D. M. Studies with 
radioactive phosphorus of the changes in the acid- 
soluble phosphates in the liver coincident to alter- 
ations in carbohydrate metabolism. J. Biol. Chem., 
156: 511, 1944. 

KAPLAN, N. O. and GREENBERG, D. M. Studies with 
radioactive phosphorus of the changes in the acid- 
soluble phosphates in the liver coincident to alter- 
ations in carbohydrate metabolism. 11. The effect 
of glucose, insulin and of certain metabolic in- 
hibitors. J. Biol. Chem., 156: 525, 1944. 

KAPLAN, N. O. and GREENBERG, D. M. The action o? 
insulin on the phosphate cycle. J. Biol. Chem., 156 
553, 1944. 

Kress, H. A. and Ecoiesron, P. The effect of insulir 
on oxidations in isolated muscle tissue. Biochem. J. 
32: 913, 1938. 

LEHNINGER, A. L. Phosphorus Metabolism, p. 344 

Baltimore, 1951. The Johns Hopkins Press. 

Levine, R., Go_pstemn, M. S., Hupp.estun, B. anc 
Kren, S. P. Action of insulin on the ‘permeability’ 
of cells to free hexoses as studied by its effect on th= 
distribution of galactose. Am. J. Physiol., 163: 7G, 
1950. 

Lane, S., GorpsrEIN, M. S. and Levine, R. Influ- 
ence of the liver on uptake of glucose by extra- 
hepatic tissues. Am. J. Physiol., 177: 447, 1954. 

Lone, C. N. H. and Luxzws, F. D. W. Effects cf 
adrenalectomy and hypophysectomy upon exper- 
mental diabetes in the cat. J. Exper. Med., 65: 465, 
1936. 

Luxens, F. D. W. Glycogen formation in diabete: 
Ann. Inter. Med., 8: 727, 1934. 

Park, C. R. The action of insulin on glucose uptake 
by muscle. J. Clin. Invest., 32: 593, 1953. 

Pearson, O. H., Hsten, C. K., DuTorr, C. H. ard 
Hastines, A. B. Metabolism of cardiac muscle: 
Utilization of C4 labeled pyruvate and acetate im 
diabetic rat heart and diaphragm. Am. J. PhysioL, 
158: 261, 1949. 

RENorp, A. E., Hasriucs, A. B. and Nrsszerr, F. B. 
Studies on carbohydrate metabolism in rat from 
liver slices. 111. Utilization of glucose and fructoze 
by liver from normal and diabetic animals. J. Bid. 
Chem., 209: 687 1954. 

RENOLD, A. E., HasriNGs, A. B., Nesserr, F. B. ard 


AUGUST, 1955 


34. 
35. 


36. 


97. 


38. 


39. 


40. 


41. 


42. 


43. 


48. 


49. 


50. 


51. 


273 


AsHMORE, J. Studies on carbohydrate metabolism 
in rat liver slices. 1v. Biochemical sequence of 
events after insulin administration. J. Biol. Chem., 
213: 133, 1955. 

Rice, L. and Evans, E. A. Effect in vitro of insulin 
in pigeon breast muscle. Sctence, 97: 470, 1943. 

Ross, E. J. The transfer of non-electrolytes across the 
blood aqueous barrier. J. Physiol., 112: 229, 1951. 

Ross, E. J. The influence of insulin on the permeabil- 
ity of she blood-aqueous barrier to glucose. J. 
Physiol., 116: 414, 1952. 

SACKS, J. Mechanism of phosphate transfer across . 
cell membranes. Quant. Biol., 13: 180, 1948. 

Sacks, J. The Effect of Insulin on Phosphorylations 
in Muscle. À Symposium, Phosphorus Metabolism. 
Baltimore, 1952. McCollum-Pratt Inst, Johns 
Hopkins Univ. 

SACKS, J. Alloxan diabetes and phosphate turnover 
in the liver. Am. J. Physiol., 172: 93, 1953. 

SHAW, W. and Gurin, S. Relationship of glycolysis 

. to lipogenesis in aqueous extracts of liver. Arch. 
Biochem., 47: 220, 1953. 


‘Srapie, W. C. Current concepts of the action of 


insulin, Physiol. Rev., 34: 52, 1954. 

STADIE, W. G., HaucAARD, N., Marss, J. B. and 
Hin, A. G. The chemical combination of insulin 
with muscle (diagram) of normal rat. Am. J. Med. 
Sei., 228: 265, 1949. 

SrADrIE, W. C., Haucaarp, N. and PERLMUTTER, M. 
The effect of insulin upon pyruvate utilization of 
pigeor muscle. J. Biol. Chem., 172: 567, 1948. 


. Stapiz, W. C., HaucAARD, N. and VaucHan, M. 


Insulin binding with isotopically labeled insulin. 
J. Bio:. Chem., 199: 729, 1952. 


. STADIE, W. C., HAUGAARD, N. and VAUGHAN, M. 


The quantitative relation between insulin and its 
biological activity. J. Biol. Chem., 200: 745, 1953. 


. STADIE, W. C. and Vester, J. W. Unpublished 


experiments, 1955. 


. Sraprg, W. C., Zarr, J. A. and Luxus, F. D. W. 


The effect of insulin upon oxidations of isolated 
minced muscle tissue. J. Biol. Chem., 132: 411, 
1940. 

STETTEN, D., Jr. and Krein, B. V. Studies in 
carbohydrate metabolism, vı. Effects of hypo- and 
hyperinsulinism in rabbits. J. Biol. Chem., 162: 
377, 1946. 

STETTEN, De W., Wrrr, I. D., Ince, D. J. and 
Morey, E. H. Rates of glucose production and 
oxidation in normal and diabetic rats. J. Biol. 
Chem., 192: 817, 1951. 

Teng, C-T., Sinex, F. M., Deane; H. W. and Hasr- 
INGS, A. B. Factors influencing glycogen synthesis 
by rat liver slices in vitro. J. Cell. Comp. Physiol., 
39: 73, 1952. 

Wick, A. N., Drury, D. R., Bancrorr, R. W. and 
MaAcXaAY, E, M. Action of insulin on the extra- 
hepatic tissues. J. Biol. Chem., 188: 241, 1951. 


Clinico-pathologic Conference 


Exposure to Insecticides, Bone Marrow 
Failure, Gastrointestinal Bleeding, and 
Uncontrollable Infections | 


TENOGRAPHIC reports, edited by Albert I. Mendeloff, m.p. and David E. Smith. M.D., 
S of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals, are 
published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine and Pathology of the Washington 
University School of Medicine and by Junior and Senior medical students. 


HE patient, B. M. (No. 228986), a ‘six- 

| teen year old white schoolbcy, was ad- 

mitted to Barnes Hospital on November 
9:1953. 

Five months before admission upon his return 
from a visit to California he was told by his 
family that bis skin was pale. However, he felt 
well until two months before admission, at 
which time he complained of weakness, easy 
fatigability and malaise. He was seen by his 
local physician who gave him several medica- 
tions, but weakness and fatigability continued. 
One month before admission the patient was 
referred to another hospital. Studies there were 
as follows: red blood cell count, 880,000 per cu. 
cm.; white blood cell count, 2,700 per cu. cm. 
The differential count revealed the following: 
juveniles, 2 per cent; band forms, € per cent; 
segmented forms, 6 per cent, and lymphocytes, 
89 per cent. Hemoglobin was 12 per cent of 
normal. A bone marrow specimen was found to 
be markedly hypoplastic and a diagnosis of 
aplastic anemia was made. The patient was 
given twelve blood transfusions and was re- 
ferred to the Barnes Hospital. There was no 
history of drug ingestion, bleeding manifesta- 
tions, lymphadenopathy, or of central nervous 
system symptoms. The patient had worked as a 
farm helper for two years and on several oc- 
casions he had been exposed to insecticides used 
for spraying fruit and animals. Among these 
were DDT, chlordane, and lindane. 

Past history and family history were non- 
contributory. 

Physical examination on admission revealed 
the patient’s temperature to be 38°c.; pulse, 92; 


respirations, 16, and blood pressure, 140/90. 
The patient appeared chronically ill. The skin 
was pasty, but the color of the mucous mem- 
branes was good. Many smal: petechiae were 
scattered over the lower extremities. No icterus 
was present. Four spider hemangiomas were 
seen on the trunk. A few tiny anterior and 
posterior lymph nodes were palpable but no 
generalized lymph node enlargement was noted. 
The conjunctivae were clear. The fundi were 
normal except for one small hemorrhage. The 
tonsils were enlarged with a small amount of 
whitish exudate and several areas of hemorrhage 
on each. A few petechiae were present on the 
hard palate. There was ecchymosis and slight 
tenderness over the site of the previous sternal 
marrow aspiration. The lungs were clear. The 
heart was of normal size; a loud blowing systolic 
murmur was heard over the encire precordium. 
The liver was felt 6 cm. below the right costal 
margin and was non-tender. The spleen was not 
felt. Both testes seemed decreased in size, but 
the genitalia were normal. Rectal examination 
was not remarkable. Results of the neurologic 
examination were negative except for a left 
internal strabismus. 

Laboratory data on admission were as fol- 
lows: red blood cells, 4,420,000 per cu. mm.; 
hemoglobin, 14 gm. per cent; white blood cells, 
4,400 per cu. mm. The differential count re- 
vealed the following: band forms, 2 per cent; 
segmented forms, 4 per cent; monocytes, 2 per 
cent, and lymphocytes, 92 per cent. Hematocrit 
was 46 per cent, and the indices were normal. 
Urinalysis showed the following: specific gravity, 
1.030; reaction, 5.5; protein, negative, and 
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microscopic, normal. Examination of the stocl 
revealed a negative guaiac test. Cardiolipia 
was negative. Blood chemistry was noted zs 
follows: non-protein nitrogen, 22 mg. per cenz; 
cephalin cholesterol flocculation, 3+; thymol 
turbidity, 2.8 units; total bilirubin, 1.1 mg. per 
cent; bone marrow, fatty marrow; the myeloid 
and erythroid series were markedly depressed. 
Many tissue basophiles were present. No 
megakaryoctes were seen. The findings were 
thought to be compatible with toxic depression. 
Throat culture revealed alpha hemolytic swepto- 
cocci. Blood cultures gave negative results. 
Roentgenogram of the chest was within normal 
limits. 

The patient was given penicillin, 800,000 
units a day, and 20 mg. of ACTH in 1000 ml. 
of 5 per cent glucose in water by slow intravenous 
drip. During the first three days the temperature 
ranged between 38?c. and 38.5°c. and no 
change in his status resulted. On the fourth day 
the temperature spiked to 41.2?c. The area of 
the initial sternal aspiration was bulging, terse 
and fluctuant. Antibiotic therapy was increased. 
He was given 1,000,000 units of penicillin every 
six hours and 2 gm. of streptomycin daily. The 
fluctuant area over the sternum was incised, and 
about 30 ml. of organized blood clot were 
removed. No pus was found, and culture was 
sterile. Repeat blood cultures taken at the 
first temperature elevation also gave regat ve 
results. After surgery the temperature was 
elevated with spikes to 39°c. for three days, 
after which it gradually fell and became norraal 
in about twelve days. 

On the sixth day of hospitalization the patient 
passed several black stools which were guaiac 
negative; however, a few days later stool speci- 
mens were found to be guaiac positive. The 
urine contained no red blood cells. The hero- 
globin fell slowly. On the ninth day of hospi:al- 
ization examination of the blood revealed a red 
blood count of 2,490,000 per cu. mm., hemo- 
globin of 8.5 gm. and white blood count of 
2,250 per cu. mm. Differential count was the 
same as that previously noted. At that time the 
patient was given 2 units of whole blood and 
thereafter required whole blood transfusions to 
maintain his hematocrit and hemoglobin levels. 
He continued to improve symptomaticzlly. 
The area of the hematoma over the sterrum 
slowly healed. On the fourteenth day of hosp:tal- 
ization the patient was given a daily dosage of 
300 mg. of cortisone and 1 gm. of oxytetra- 
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cycline. A repeat bone marrow aspiration on the 
twenty-ninth day of hospitalization showed no 
essential change from those previously examined. 

The patient was allowed to go home over the 
Christmas holidays. He returned in two days; 
there had been no essential change during the 
interval. T'wo days after his return, however, he 
began to complain of severe pleuritic right 
anterior chest pain. He did not cough, but the 
temperature had risen to 39.5?c. Examination of 
the chest revealed no signs of consolidation, but 
splinting of the right chest was present. A 
roentgencgram showed a linear infiltration in 
the right lower lobe, thought to be indicative 
of pneumonia, associated with a minimal right 
pleural effusion. The oxytetracycline on which 
he had been carried for prophylactic reasons was 
continued but penicillin and streptomycin were 
added. The temperature remained elevated and 
the patient continued to have pain in the chest. 
Repeat blood counts revealed the following: red 
blood cells, 3,120,000; hemoglobin, 9.3 gm. 
per cent; white blood cells, 1,300 per cu. mm. 
The differential count was as follows: seg- 
mented forms, 20 per cent; lymphocytes, 80 per 
cent, and platelet count, 12,480 per cu. mm. 
Culture of the sputum isolated Friedlander’s 
bacillus and Staphylococcus citreus. In spite 
of antibiotic therapy the fever continued, as did 
all symptoms. The patient began to complain of 
tenderness to light palpation over the anterior 
right chest. A repeat chest x-ray revealed partial 
resolution of the right middle lobe atelectasis 
which was thought to be present in the previous 
film. It also showed a partial clearing of the 
pneumonitis previously noted. A patchy destruc- 
tive process was described at the anterior end of 
the fourch right rib, although this finding was 
subsequently questioned by several observers. 
Cortisone therapy was reinstituted because of the 
low platelet count, and erythromycin and 
chloramphenicol were added. 

The patient seemed to improve for a short 
time. His temperature fell for the first time in 
five days to 37.2°c. but again rose, ranging 
between 38°c. and 39.5?c. He became pale and 
weak, Lis appetite diminished, and he began 
to bleed from the gums and from a large necrotic 
ulcer which appeared in the nose. Packs were 
of only partial benefit in controlling bleeding. 
The ulcers became more necrotic and continued 
throughout the remainder of his life. Blood 
counts continued to fall and the patient required 
constant blood transfusions. Subsequent roent- 
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genograms of the chest showed continuing 
resolution of the pneumonitis and atelectasis of 
the right middle lobe. More petechiae appeared 
in the skin. The stools became guaiac positive, 
and red blood cells appeared in the urine. 
Proptosis of the right eye was noted and slowly 
increased. This was not associated with pain, 
change in vision, or other neurologic signs. 
Results of lumbar puncture were within normal 
limits. Friedlánder's bacilli were cultured from 
the sputum on two occasions. Culture thereafter 
contained non-hemolytic Staph. citreus and 
coliform organisms. Blood cultures gave nega- 
tive results. Four days before death the patient 
began to complain of severe sore throat. The 
left tonsil was found to be large, red and boggy, 
and the next day a white exudate was present. 
Culture from this exudate showed a heavy 
growth of coliform organisms. Chloramphenicol 
therapy, which had previously been discon- 
tinued, was re-instituted. On the day before 
death the patient became apprehensive and 
dyspneic. The skin rapidly became markedly 
icteric. The temperature rose to 40°c. and the 
patient expired on February 9, 1954. 


CLINICAL DISCUSSION 


Dr. Vireit Scorr: The patient for discussion 
is a sixteen year old schoolboy with bone mar- 
row failure who had been exposed to insecticides, 
both DDT and lindane, while working on a farm 
during the summer. The duration of the marrow 
failure at the time he came to the hospital in 
early November was at least two months and 
possibly five months. During the month prior to 
admission he had received twelve transfusions 
in another hospital. Abnormalities noted on 
admission included fever, petechiae, inflamma- 
tion of the tonsils, systolic apical murmur, 
enlargement of the liver and large ecchymoses 
over the sites of the previous sternal bone mar- 
row aspiration. 

Laboratory data on admission were remark- 
able chiefly for the hematologic findings. The 
bone marrow was fatty with depression of all 
three of the important elements, the myeloid 
series, the erythroid series, and the megakaryo- 
cytes. Because of recent transfusions the periph- 
eral blood on admission did not reveal any 
significant anemia, but this absence was short- 
lived. The white blood cell count varied from a 
high of 4,600 with 20 per cent granulocytes, to a 
low of 360 with no granulocytes present. It was 
implied in the protocol but not so stated that 


there was persistent thrombocytopenia, the 
highest platelet count being recorded as 44,000 
on the third day of hospitalization. On the 
fourth day his temperature, which had been 
between 38?c. and 38.5?c., rose to 41?c. Mean- 
while, ACTH and prophylactic oxytetracycline 
were given. The cause of this initial fever was 
uncertain. Possibly it was due either to the 
pharyngitis or to the fluctuant site of the sternal 
marrow aspirations done elsewhere, although 
cultures of this material gave negative results. 
In any event, with administration of penicillin 
and streptomycin added to that of oxytetra- 
cycline the temperature gradually returned to 
normal over a twelve-day period. During the 
next five weeks he remained afebrile, receiving 
prophylactic oxytetracycline and penicillin plus 
cortisone. No evidence of bone marrow activity 
was found. He was allowed to go home over the 
Christmas holidays while taking the drugs and 
returned after two days. Two days later the 
final stage of his illness began with fever and 
right pleural pain. Friedlander’s bacilli were 
cultured twice from the sputum. Penicillin and 
streptomycin were again added to the oxytetra- 
cycline, and almost all available antibacterial 
agents were used subsequently with some success, 
at least from the standpoint of the pulmonary 
lesion. Meanwhile, only a few days after the 
onset of pulmonary difficulty, epistaxis began 
which required nasal packing. Infection devel- 
oped at this site and progressed until the time of 
his death one month later. Bleeding from this 
and from other sites constituted a real problem. 
Three days after the onset of the cellulitis of the 
nose proptosis of the right eye was detected, and 
the possibility of sinus thrombosis was raised. 
Results of neurologic and spinal fluid examina- 
tions were normal. The patient remained febrile 
with a spiking temperature without evidence of a 
localized infection other than the aforementioned 
pulmonary lesion and cellulitis of the nose. 
Arthralgia and myalgia were thought to be the 
result of transfusion reactions. Four days before 
death pharyngitis recurred; coliform organisms 
were recovered from the pharynx, and on the 
day before death jaundice appeared. May we 
see the x-rays? 

Dr. GLADDEN V. Exxiorr: The pertinent 
radiographic examinations were limited to the 
chest, of which there were several examinations 
made prior to his death. The initial examination 
on his first admission to the hospital on Novem- 
ber 10 served as an excellent base line; it was 
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within normal limits. The first abnormalities 
were noted on his return to the hospital after 
the Christmas holidays. The examination on 
December 29 showed an obvious dense localized 
discrete infiltration of the right lung base which 
in the lateral view was somewhat difficult to see, 
but probably occupied primarily the middle 
lobe. The diaphragm on the right side was 
markedly elevated. A little pleural effusion was 
noted in both the anterior and posterior gutter. 
Over the next month there was a slow but 
incomplete resolution of this pneumonic process 
with persistence of some shrinkage or atelectasis 
of the middle lobe segment. During the month a 
destructive process in the anterior end of the 
fourth rib was questioned several times. Our 
final film was a laminagram exposed on January 
15 in an attempt to further delineate this fourth 
rib anteriorly. At the time of this laminagram 
no apparent involvement of that fourth rib was 
noted. The cortices appeared intact throughout. 

Dr. Scorr: Dr. Loeb, before I ask Dr. Shank 
to review the toxicology of the insecticides to 
which the patient had been exposed, would you 
further define the nature of the hematologic 
problem and mention something of the correct 
terminology which should be employed in suck 
instances. 

Dr. Vircit Loss, Jr.: If one is confronted by 
a patient presenting the clinical story, as did thi: 
boy, of weakness, easy fatigability, fever withou- 
obvious infection, bleeding tendency, anc 
laboratory evidence of anemia, thrombocyto- 
penia, and granulocytopenia, immediately one 
would: think of two diagnoses, either acute 
leukemia or bone marrow failure. The diagnosis 
of acute leukemia was ruled out early in his 
illness by the finding of hypoplastic bone marrow 
and by the absence of peripheral lymph node? 
enlargement. The term “bone marrow failure? 
is applied here simply as a generic term meaning 
that the bone marrow fails to produce its nor- 
mal complement of cells; in this case all thre2 
cellular types were affected, resulting in th= 
absence of red cell production, granulocyte 
production and platelet production. In ths 
particular case, since the bone marrow was 
actually morphologically aplastic, the term 
“aplastic anemia” can be applied. It is in those 
cases where the same peripheral blood picture 
is noted and the bone marrow appears normally 
cellular that the term aplastic anemia is incor- 
rect, and for that reason the term “bone marrow 
failure" is preferable. The cases of aplastic 
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anemia may be divided into main etiologic 
categories, on the one hand those due to an endo- 
genous or idiopathic cause for which no known 
etiology can be demonstrated or, on the other 
hand, those due to an exogenous cause, in most © 
cases a chemical, a drug, irradiation or some 
physical agent. Certainly the picture following 
irradiation or exposure to radioactive isotopes 
is comparable to the situation in this case, but 
the most likely diagnosis here would be based on 


` past history of exposure to a known bone mar- 


row toxin, either DDT or lindane. 

Dr. Scorr: With respect to the term “‘aplastic 
anemia," isn't it true tbat the anemia is the 
least important of the difficulties, red cells being 
reasonably easily replaced, whereas the absence 
of white cells and platelets is more difficult to 
manage. 

Dn. Lors: From the standpoint of therapy, 
perhaps anemia is the least difficult to manage; 
certainly when the platelets and granulocytes 
are decreased one runs into one complication 
after another, such as those manifested in this 
case. 

Dn. Scorr: Dr. Shank, would you review 
briefly the -oxicology of these two insecticides? 

Dr. Rosert E. SHANK: This patient was 
exposed to and had used DDT and lindane 
during two summers, first in the summer of 
1952, then more recently in the summer of 1953. 
It became important to examine the possible 
relationship of his exposure to the occurrence of 
pancytopenia. In reviewing the literature one 
finds that both DDT and lindane (benzene 
hexachloride) have been judged to be implicated 
in the procuction of thrombocytopenia, agranu- 
locytosis and in the decrease of red blood cell 
formation. ^? Lindane seems particularly culpa- 
ble in this regard. Much more DDT has been 
used in the United States and throughout the 
world thar. has lindane, but the number of cases 
reported of pancytopenia resulting from the use 
of lindane is much greater. We felt that of the 
insecticides used here, lindane was more likely 
to be the responsible agent. In examining the 
history more closely we found that during 
the summer of 1953 there was one period when 


l FRIBERG, L. and Marrensson, J. Case of pan- 
myelophthisis after exposure to chlorophenothane and 
benzene hexachloride. Arch. Indust. Hyg. & Occup. M., 
8: 166, 1952. 

2 DANOPOULOS, E., MErIissiNOS, K. and Karsas, G. 
Serious poisoning by hexachlorocyclohexane: clinical 
and laboratory observations on five cases. Arch. Indust. 
Hyg. & Occup. M., 8: 582, 1953. 
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the boy sprayed a large group of cattle with a 
mixture that contained both DDT and lindane. 
He used it for about half a day during the morn- 
ing, then had to leave his work for twenty-four 
hours. During this period he stated that he was 
weak, became nauseated and then vomited. 
The symptoms described are those which might 
occur with acute toxicity due to lindane. It was 
not until two months later that he was noted by 


friends to be pale, and it was even later than that 


when bone marrow failure was actually noted. 
I would like to conclude by stating that these 
insecticides are probably highly toxic for the 
bone marrow. 

Dr. Scorr: The additional information that 
you have given about his spraying of the cattle 
was not in the hospital record, and it provides 
more support for insecticide toxicity than we 
had. I understand that some in vitro studies using 
lindane were made. Do we have any information 
about those studies? 

Dr. Logs: To the best of my knowledge they 
were all inconclusive and showed no evidence 
of an immunologic mechanism responsible for 
the thrombocytopenia. 

Dr. Scorr: Dr. Moore, before we get into the 
subject of treatment, what can be said about the 
prognosis in a situation such as this when pa- 
tients have bone marrow failure allegedly due to 
some toxic agent, either drug or insecticide? 
Also, is the appearance of the bone marrow of 
any value in estimating the prognosis? 

Dr. Cart V. Moore: The first thing one can 
say is that when the white cell count and the 
platelet count are markedly depressed the prog- 
nosis is worse than when those values are rea- 
sonably near the normal. Secondly, when 
the marrow is hypocellular over a period of a 
week or two, eliminating just a transient 
hypocellularity, the prognosis is certainly worse. 
There are recoveries. One does see persons who 
develop hypocellular marrows from benzene and 
other toxic agents with severe leukopenia and 
severe thrombocytopenia who gradually over a 
period of many months do recover. Those pa- 
tients, however, certainly are the exception 
rather than the rule, and probably nothing we do 
brings about recovery. They simply recover by 
themselves, as far as we know. l 

Dr. Scorr: The objectives of treatment then 
are to prolong life until such time as bone mar- 
row may begin again to function spontaneously? 

Dr. Scorr: Such an attempt was made in this 
boy. 
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Dr. Scotr: In attempting to achieve these 
objectives, two main therapeutic approaches 
were utilized. The first of these was the use of 
cortisone. Dr. Loeb, I believe you were on hand 
when the decision to use cortisone was made. 
Would you tell us what wes hoped for by 
utilization of this agent? 

Dr. Lors: The only reason for giving corti- 
sone to this boy was, as Dr. Moore said, to 
attempt to prolong his life so that he could 
ultimately recover on his own. There is a. well 
recognized effect of cortisone upon the preserva- 
tion of vascular integrity in thrombocytopenic 
states which seems, for some reason not clear to 
me, to prevent spontaneous bleeding even 
though the platelet level is low. There doesn't 
seem to be much evidence that cortisone under 
conditions of bone marrow depression can 
stimulate platelet formation, but there is good 
clinical evidence and some experimental evi- 
dence that cortisone will at least prevent some 
spontaneous bleeding through the capillary wall 
in thrombocytopenic states. It was for that 
reason alone that it was felt cortisone therapy 
was justified, an attempt thereby being made to 
stop the spontaneous hemorrhages which are 
usually the cause of death in these cases. 

Dn. Scorr: Then there were two aspects for 
which cortisone was used: first, in the hope that 
it might in some way stimulate the bone marrow; 
second, and more important, for its non-specific 
effect in helping to maintain capillary integrity. 
Of course, in this instance, as the patient has no 
granulocytes, the use of cortisone 1s a two- 
edged sword. We are all familiar with the fact 
that patients who are receiving cortisone, for 
reasons not entirely clear, are prone to infections 
of one kind or another. 

Dr. Wood, we know that you are interested in 
the effects of cortisone experimentally upon 
leukocytes. I wonder if you wculd summarize 
briefly for us what these effects may be. And, 
since this patient had so few granulocytes, 
would you express an opinion as to whether 
cortisone would have been any more detrimental 
under these circumstances. In what other way 
does cortisone effect the defensive processes of 
the body? 

Dr. W. Barry Woop, Jr.: We have been 
interested in studying the effect of cortisone on 
infections. Ít is clinically well-known that pa- 
tients on cortisone therapy tend to acquire 
infections. Some of our earliest experiments were 
done in Dr. Glaser's laboratory with streptococ- 
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cal pneumonia and we were able to show that 
cortisone would depress the inflammatory 
reaction in the lung. What you see in that situa- 
tion is the failure of the leukocytes to penetrate 
into an infected area in the large numbers that 
characterize their behavior in the normal 
animal. In other words, there is an anti- 
inflammatory effect of cortisone. But once the 
leukocytes get to the infected area they do a 
good job of destroying bacteria. Qur experiment 
suggests that the cortisone acts primarily by 
preventing the leukocytes from getting into the 
infected site by the usual mechanism of diapede- 
sis. Dr. Fred Allison has been studying the prob- 
lem in the rabbit ear chamber to determine in 
what way cortisone stops the leukocytes from 
getting into the infected area; he has had to 
work out a tricky method of producing an 
inflammation in the rabbit ear chamber in 
which he can show that cortisone seems to 
prevent the entire sequence of events ordinarily 
following inflammatory stimulus. In other 
words, if cortisone is given first there is na 
change in the blood vessels, whereas usually the 
blood vessels dilate at the beginning of an 
inflammatory response, then the leukocytes stick 
to the wall of the vessel, crawl through and intc 
the infected area. Cortisone stops all this. Our 
present idea is that cortisone must work at a very 
early phase of the inflammatory mechanism anc 
stop it from being set off. What that involves we 
don’t know, because we don’t know what sets of 
an inflammatory reaction. 

In answer to your second question about using 
cortisone in the presence of agranulocytosis, 
there is no doubt that the hormone is mor2 
dangerous to use under those circumstances 
since the absence of leukocytes is the loss cf 
one of the main body defenses. If one inhibits 
further the migration of those few leukocytes 
into the infected area, the situation is certain to 
become worse. In treating this boy, I am sure 
everyone realized what was going to happen, 
and they tried to protect him with antibiotic 
therapy. At the present time one can’t say tco 
much more about the effect of cortisone an 
infections except to point out that dosage is 
extremely important. If an experiment is 
properly set up in the laboratory one can demon- 
strate that cortisone protects an animal against 
infection. To do this very small doses of corti- 
sone must be used. If the dosage of cortisone is 
increased to the range used in this case one gets 
the anti-inflammatory effect and, of course, less 
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resistance to infection. So, as with many other 
experiments, either result can be attained, 
depending upon the dosage. What we have to 
worry about here, of course, is the big dosage 
with its anti-inflammatory effect and the greater 
susceptibility of the patient to infection. 

Dr. Scorr: Is the immunologic response in the 
animal altered? 

Dr. Woon: The immunologic response is very 
difficult to say anything about at the moment 
because of the conflicting evidence. There are 
those who have demonstrated that antibody 
production can be depressed by the use of 
cortisone and ACTH. Other reliable investi- 
gators have shown that that is not true of certain 
antigens, that antibody production is just as 
great with cortisone. The latest information is 
that cortisone will depress antibody production, 
depending upon the size of the antigen; if the 
antigen is large enough, cortisone will depress 
antibody production, whereas with relatively 
small antigens, such as polysaccharides obtained 
from bacteria, cortisone has no effect on anti- 
body response. 

Dr. Scott: One of the objectives of treat- 
ment with cortisone, then, was the prevention of 
bleeding; this in the final analysis was ‘not very 
successful. The second objective of treatment 
was the prevention of infection, and for this 
purpose penicillin and oxytetracycline were 
utilized prophylactically. Dr. Glaser, you are 
interested in penicillin prophylaxis under some- 
what different conditions in the normal person 
rather than in the person without granulocytes. 
What kinds of infection can one hope to prevent 
with penicillin? 

Dr. Rosert J. Graser: There are some that 
one can prevent with penicillin, particularly 
hemolytic streptococcal infection, probably 
pneumococcal infections and, less predictably, 
staphyloccccus infections, although these have 
become very resistant to penicillin in a large 
percentage of cases. Little can be done with 
any of the gram-negative rods or with any other 
microorganisms. Penicillin is a fairly limited 
tool and ought to be used under restricted 
circumstances. 

Dr. Scorr: Do you think it should have been 
used under these circumstances? 

Dr. GrasEn: In this case one had to give the 
patient the benefit of the doubt. Here, of course, 
much larger dosage was used and rightly so. 

Dr. Scorr. Dr. Harford, what about the 
experience with oxytetracycline? Is the experi- 
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ence, using this agent prophylactically, exten- 
sive enough now to predict what can and what 
cannot be prevented with this agent? 

Dr. Canr Hanronb: There is no: enough in- 
formation to be able to make an accurate state- 
ment on that point. 

Dr. Scott: In early January, then, the pa- 
tient developed pneumonia and Friedlander’s 
bacili were cultured from his sputum on two 
occasions. On both occasions the reports state 
that a heavy growth of Friedlánder's bacilli was 
obtained and that the organism killed a mouse. 
Is that good evidence that the pneumonitis 
present was caused by this agent? 

Dn. Hanronp: It is fairly strong evidence, but 
it is not conclusive, because heavy growth of 
similar organisms may be obtained from the 
respiratory tract of persons who have no clinical 
manifestations of respiratory infection. 

Dr. Scott: Will any Friedlander’s bacillus kill 
a mouse? 

Dr. Harrorp: That takes us back to the 
matter of classification. We have chosen to use 
the term to mean an encapsulated gram-nega- 
tive coliform bacillus which can kill a mouse; 
simply because of the importance of capsules in 
virulence, we think that point has clinical 
significance, although people who spend time 
classifying bacteria might not agree, on the 
basis of such evidence, that this was Friedlánder's 
bacillus. 

Dr. Scott: So part of our evidence here that 
this was Friedlander’s bacillus was that it killed 
a mouse. What about the sensitivity of this 
organism to oxytetracycline? 

Dr. Hanronp: The organism grew in 50 ug. 
per ml. of polymyxin. It grew in 10 ml. of 
oxytetracycline with partial growth at 20 and 
30 ug. So it was moderately sensitive under the 
conditions of this test. 

Dr. Scorr: The other infection which devel- 
oped was the cellulitis of the nose; from this 
nothing of significance was cultured. A light 
growth of proteus and a moderate growth of 
staphylococcus albus were present which were 
non-hemolytic and coagulase-negative. 

This patient was in the hospital for ninety 
days. He received eighty-five days of steroid 
treatment and a total of 198 days of antibiotic 
treatment, including sixty-three days of oxytetra- 
cycline, forty-nine days of parenteral penicillin, 
three days of tetracycline and twenty-three days 
of chloramphenicol. For fifteen days he received 
one antibiotic, for forty-six days two anti- 
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biotics, for twenty-five days three antibiotics, 
and for three days four antibiotics. For almost a 
third of his hospital stay he was receiving more 
than two antibiotics each day. Now, Dr. 
Reinhard, since chloramphenicol is an agent 
which has been described as producing this type 
of hematologic difficulty, do you think it was 
justifiable treatment in this circumstance? 

Dr. Epwarp REiNHARD: This is a problem 
that comes up many times, and one has to keep 
in mind that medicine is very often a question of 
analyzing statistical probabilities. This man had 
a very serious illness which certainly constituted 
an immediate and desperate threat to his life. He 
had a severe infection, and the chances of his 
succumbing to this infection were great. The 
probability that he would be sensitive to chlor- 
amphenicol was no greater than the chance of 
anyone else being sensitive to it. Probably in not 
more than one of several hundred thousand peo- 
plé receiving chloramphenicol will aplastic 
anemia develop due to this drug, so that if he 
had had an infection more sensitive to chlor- 
amphenicol than to any other available anti- 
biotic, it should by all means have been 
used. 

Dr. Scorr: Is there any evidence that the 
duration of chloramphenicol treatment has 
anything to do with the development of this type 
of reaction? Can a reaction be evoked as 
frequently from one day of treatment with chlor- 
amphenicol as with a month’s administration? 

Dr. REmHARD: The same principles that 
apply to other drugs probably apply here. If a 
patient had had previous chloramphenicol 
therapy he might have a severe blood reaction of 
this sort from a single tablet; if, on the other 
hand, he had never received the drug it would 
probably require a week or ten days before 


-such a reaction would take place, if it took place 


at all. 

Dr. Scott: Now we come to the terminal part 
of the illness. You will recall that he remained 
febrile despite all these antibacterial agents. 
His bone marrow showed no response. Infec- 
tions in the nose persisted. The pulmonary 
lesion apparently did not progress. One aspect of 
his illness about which we have little information 
is the fact that jaundice developed on the day 
before he died. Dr. Shank, what about the 
jaundice? Do you think this was homologous 
serum hepatitis or widespread bacterial infection 
of the liver. Is the information we have too 
meager to allow us to guess? 
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Dn. SHANK: When the patient was admitted 
to the hospital his liver was described as large 
but non-tender. Yet at that time liver function 
tests included a cephalin flocculation of 3+, a 
thymol turbidity within normal range and a 
total serum bilirubin that was just 1.1 mg. per 
cent. Since this involvement developed so late, 
relative to the findings described earlier, it is a 
little difficult to assess. I suppose it should be 
stated that he might have had homologous 
serum jaundice. On the other hand, he might 
have had some form of hepatic disease on admis- 
sion; both of the insecticides to which he had 
been exposed do, on chronic exposure, produce 
hepatic damage. Little laboratory evidence 
of that type of disease was found. I am afraid 
I cannot go further in giving you a specific 
answer to your question. 

Dn. Scorr: Dr. Loeb, do you think there was 
sufficient bleeding into the skin and internal 
organs to account for the development of jaun- 
dice in this patient. 

Dr. Logs: I have no basis on which to say 
yes or no. I think it is a good possibility, espe- 
cially if the liver was jeopardized and could not 
clear the bilirubin due to increased hemolysis. 

Dr. REINHARD: I would say that the jaundice 
here was probably due, as has been previously 
stated, to a combination of at least two causes: 
first, a certain amount of liver damage prob- 
ably present at the time of admission to the 
hospital which could have been due to exposure 
to hepatoxic chemicals or possibly to the over- 
whelming infection; second, to the rather 
extensive hemorrhage occurring in internal 
organs. 

Dr. Scott: The clinical diagnoses here were 
(1) aplastic anemia due to exposure to in- 
secticides, (2) pneumonia, right middle lobe 
and (3) hepatitis due to toxins. 

Dr. SHANK: It would be well to point out to 
physicians that there are electrical vaporizers 
on the market which heat crystals of lindane and 
chlordane to provide a continuous or intermit- 
tent mist of these chemicals. These are com- 
mercially advertised as effective home or farm 
insecticides and are designed to be used on 
porches or in areas where insects are a nuisance. 
It should be obvious that such devices constitute 
a serious health menace,’ and in my opinion, 
should be taken off the market. 


3 Health problems of vaporizing and fumigating 
devices for insecticides. J. A. M. A., 152: 1232, 1953. 
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Dr. RosERT W. Ocirvie: At autopsy the 
skin was icteric. A necrotizing inflammation 
involved the anterior nares. Numerous pete- 
chiae and ecchymoses were scattered through 
the skin, mucous and serous membranes, lungs, 
heart, kidneys, testes and retroperitoneal tissues. 
The bone marrow of the ribs, vertebrae and 
sternum appeared grossly hypoplastic, while 
that of the femur and tibia was yellow and fatty. 
The liver was enlarged, weighing 2,580 gm., 
and revealed no apparent necrosis or fibrosis. 
The spleen was of normal size and gross ap- 
pearance. The cervical, tracheobronchial, peri- 
portal and mesenteric lymph nodes were 
moderately enlarged, firm, discrete and red- 
brown. Multiple petechiae and firm focal 
hemorrhages measuring up to 3.5 cm. in diam- 
eter were scattered throughout the lungs; how- 
ever, none of these foci had the usual gross 
appearance of bronchopneumonia. The middle 
lobe of the right lung was fibrous and contracted. 
It was adherent to the anterolateral thoracic 
wall beneath the right fourth rib. The rib 
was increased in diameter at this point and the 
periosteal tissues were thickened, firm and grey 
with soft, necrotic, and yellow-brown areas. 
The kidneys were enlarged and weighed 325 
and 340 gm. Their parenchyma was pale and 
contained multiple petechiae. In the pelves 
bilaterally extensive hemorrhages were noted. 
A small abscess was present in the cortex of the 
left kidney. 

Dr. Davin E. Surrg: Dr. Ogilvie has de- 
scribed for you the extensive hemorrhagic mani- 
festations present in this case. Figure 1 is a 
picture of the stomach (gross) to show how 
impressive some of the mucosal hemorrhages 
were. A large ulcerated area of gross hemor- 
rhage lay in the lower part of the esophagus, and 
the mucosa of the corpus and fundus of the 
stomach down to a sharp line in the pylorus 
was congested and filled with extravasted blood. 
The same type of hemorrhage was present in the 
renal pelves and was represented in parenchym- 
atous organs by ecchymoses in many sites. 

A microscopic section of the bone marrow is 
illustrated in Figure 2. This particular section is 
from a vertebra; however, it is representative of 
all sections from the usually hematopoietic 
marrow. Small foci of granular debris represent 
active necrosis, and an almost completely 
exhausted appearance, as far as any single 
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Fic. 1. Extensive hemorrhage in the mucosa of the corpus and fundus of the stomach with sparing of the pyloric 
region. The esophagus in the upper part of the illustration has a large hemorrhagic ulceration in the lower portion. 


Fic. 2. Foci of necrosis and generalized hypoplasia of the bone marrow in a vertebra. The remaining cells are plasma 
cells, reticulum cells, and a few representatives of the granulocytic series, but no megakaryocytes are present. 


hematopoietic cell is concerned, characterizes 
the remainder of the section. The scattered cells 
remaining are a few plasma cells and repre- 
sentatives of various series, particularly the 
granulocytes. It is notable that practically no 
megakaryocytes are present in this or any other 
section. 

The liver is histologically fairly normal. (Fig. 
3.) There is a little fatty metamorphosis around 
the central veins, and a few large hepatic cells 
suggest a regenerative activity that might be 
interpreted as evidence of a residual of toxic 
damage, but nothing justifies a morphologic 
diagnosis of active viral or toxic hepatitis. ‘The 
icterus, therefore, seems to have developed on the 
basis of extensive extravasation of blood in 
various tissues and widespread infection in many 
organs, although neither bacteria nor inflamma- 
tion are apparent in the liver itself. 

In a typical lymph node illustrated in Figure 
4 there are large colonies of bacteria that are 
largely cocci. These gram-positive cocci were 
not identified by culture; however, the blood 
yielded in addition a profuse growth of colon 
bacilli and a diphtheroid. The lymph nodes were 
further remarkable for the presence of edema in 
the sinusoids and a remarkable hyperplasia of 
reticulum cells and other large mononuclear 
cells. Abscesses in the other organs such as the 
kidneys were also characterized by tremendous 
growth of bacteria and the lack of any evidence 
of polymorphonuclear leukocytes in their walls. 


The lesion of the right fourth rib was a large 
subperiosteal abscess and a section from its wall 
is shown in Figure 5. Here again there can be 
seen large masses of bacteria and the same type 
of granulation tissue with a mononuclear 
exudate instead of polymorphonuclear leuko- 
cytes. Above the capsule of the abscess there is 
a wide collar of recently formed bone that is 
almost as thick as the normal rib and which 
apparently has arisen in response to the inflam- 
mation in the periosteum. 

The final section (Fig. 6) is from the lung. It is 
representative of the hemorrhagic nodules which 
were present throughout all lobes. Hemorrhage 
into the alveoli, large masses of fibrin in the 
alveolar spaces, and practically no cellular reac- 
tion were the predominate features of these 
nodules. In other sections large numbers of 
bacteria were associated with this type of lesion, 
which represented the effects of a bacterial 
infection of the lung that had led to the breaking 
down of capillaries and escape of fibrin and red 
cells into the alveoli without having the usual 
polymorphonuclear leukocytes present to be 
called upon to participate in the morphologic 
response. It can be very appropriately called an 
agranulocytic pneumonia. The area in the 
middle lobe of the right lung that corresponds 
to the shadow in the roentgenogram was an 
organized pneumonia. It could have resulted 
from a similar although less severe pneumonia 
of this atypical type, although in its final form it 
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Fic. 3. Centrolobular fatty metamorphosis and atrophy of the liver without necrosis or other evidence of 
a toxic or infectious hepatitis. 

Fic. 4. A cervical lymph node with a large abscess in which there is extensive bacterial colonization and 
little cellular reaction in the wall. The parenchyma on the left is composed almost entirely of hyper- 
plastic reticulum cells. 

Fic. 5. The subperiosteal abscess of the right fourth rib with the same colonization of bacteria and lack of 
polymorphonuclear leukocytes as those seen in the lymph nodes. Above the abscess is a portion of bone 
that has been newly formed in response to the irritation of the periosteum. 

Fic. 6. An agranulocytic pneumonia with fibrin, hemorrhage, mononuclear cells and bacteria in the 
alveoli, but no polymorphonuclear leukocytes are present. 
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was not appreciably different from any other 
organized pneumonia. 

lhe tissue responses in this patient were 
primarily an almost total aplasia of the bone 
marrow and no evidence of regenerative activity 
or extramedullary hematopoiesis in any organ. 
These changes have no specific characteristics 
that would enable one to identify them as the 
effects of a particular causal agent, but they 
are perfectly compatible with the changes of 
toxic aplasia that can occur after such agents as 
lindane, and the history supplied by Dr. Shank 
makes it seem quite likely that that was their 
etiology. In addition there were the effects of an 
extensive spread of bacteria throughout the 
body during the last weeks or days of life. This 
resulted in the formation of abscess walls that 


were atypical because of the lack of their usual 
component of polymorphonuclear leukocytes, 
yet which represented considerable effort on the 
part of the tissues to combat the infection. 
Finally, there were extensive hemorrhages that 
apparently were due to the lack of platelets and 
to the septicemia and which led to the icterus 
without specifically involving the liver. 

Final Anatomic Diagnoses: Aplastic anemia; 


septicemia with abscesses in the kidney and 


periosteum of a rib; reticulum cell hyperplasia of 
lymph nodes; agranulocytic pneumonia; pete- 
chiae, ecchymoses and hemorrhages in all organs. 


Acknowledgment: Illustrations were made by the 


Department of Illustrations, Washington Uni- 
versity School of Medicine. 
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PRODUCTION OF RENAL CORTICAL NECROSIS WITH 
SEROTONIN /5-HYDROXYTRYPTAMINE). Ernest W. 
Page,* and Mary Beth Glendening. Dept. Obstetrics 
and Gynecology, Univ. California Schcol 
Medicine, San Francisco, Calif. 


When the kidneys of rats, mice, guinea pigs or 
rabbits are exposed under anesthesia the intra- 
venous injection of serotonin causes a visible 
blanching of the kidneys. In normal rats tae 
EDso for this effect is 0.007 mg. of serotorin 
base/100 gm. of body weight. This reaction is 
inhibited by 1-hydrazinophthalazine. Intra- 
arterial injections of india ink during the reral 
blanching indicate that the ischemia occurs 
chiefly in the cortex. The intravenous infusion 
of 1 mg. of serotonin per hour for five to seven 
hours to normal 200 gm. rats, followed sy 
sacrifice a week later, produces patchy areas of 
renal corticzl necrosis. The lesions resemble those 
found at autopsy in pregnant women who die 
more than twenty-four hours after the occur- 
rence of severe abruptio placentae. 

Previous work has indicated that severe grades 
of abruptio placentae are accompanied by 
escape of thromboplastic proteins into the 
maternal circulation. This results in varying 
degrees of defibrination. Platelet participation in 
this massive coagulation process could be ex- 
pected to release relatively large quantities 
of serotonin. Almost all delayed deaths following 
abruptio placentae are due to renal cortizal 
necrosis of a type which serotonin is capable of 
producing in the rat. 


ELECTRON AND Lieur Microscopic STUDY OF 
THE PATHOLOGIC COURSE OF EXPERIMENTAL 
RENAL Disease iN Rats. Carolyn F. Piel,* 
F. W. S. Modern, L. Dong,-J. Goodman and R. 
Moore. Stanford Univ. School Medicine, San 
Francisco, Calif, and V. A. Hospital, Lcng 
Beach, Calif. 


The nephrotoxic serum, prepared by sensi-iz- 
ing rabbits to rat kidney, produces in rats 
a disease of immediate onset characterized 


* Asterisks indicate members. 
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by edema, proteinuria, hypoproteinemia and 
hyperlipemia. 

Weekly autopsied material was prepared by 
vital osmic fixation for electron microscopic 
study. Comparable material was formalin-fixed 
and stained with special mucopolysaccharide 
and routine stains. Within six hours the glomeru- 
lar capillary lumina become filed with poly- 
morphonuclear leukocytes. By three days clumps 
of mucopolysaccharide material are seen in the 
glomerular capillary lumina which by seven 
days seem to have become incorporated into the 
capillary wall. By electron microscopy this 
thickening of the basement membrane is 
observed to be a tremendous widening of the 
lamina densa, the middle layer of the three 
discernible layers of the basement membrane. 
Approximately half of the material has fibrin 
thrombi within the capillary loops in the first 
two weeks of the disease. Exudation into the 
capsular space complicates most of the glomeru- 
lar capillary pathologic changes. Healing of 
this process results in scarring of the glomeruli. 


STUDIES OF THE MECHANISM OF EXPERIMENTAL 
NEPHROTIC HvPERCHOLESTEREMIA. Ray H. Rosen- 
man,* Meyer Friedman,* and Sanford O. Byers.* 
Harold Brunn Inst., Mount Zion Hospital, San 
Francisco, Calif. 


The syndrome induced in rats by injection of 
rabbit anti-rat kidney serum closely mimics the 
nephrotic state occurring in humans. It has 
been found that experimental nephrotic hyper- 
cholesteremia, although initiated by the inter- 
action of specific rabbit anti-rat kidney serum 
with the rat’s kidney, is not due to failure of 
renal excretion of any plasma constituent. It has 
also been demonstrated that nephrotic hyper- 
cholesteremia is an isolated phenomenon con- 
fined to the plasma with no evidence of a 
total error in the body’s cholesterol metabolism. 
Although found to be of endogenous origin, 
this isolated rise of cholesterol in the plasma was 
not found to be due to any abnormality in the 
rat’s usual modes of (1) absorbing, (2) excret- 
ing, (3) synthesizing cholesterol or (4) to the 
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ability of the liver of the nephrotic rat to coavert 
and otherwise degrade cholesterol. It is con- 
cluded that the isolated accumulation of 
cholesterol in nephrotic plasma is due to a 
"trapping" phenomenon which results in reten- 
tion of cholesterol in the blood and failure of its 
normal egress from blood to the liver. The 
behavior of the total lipids parallels that of 
cholesterol. Other studies will be presented 
which suggest that the retention of lipids in the 
plasma may be due to the occurrence of cnylo- 
micronemia secondary to abnormal loss, nev tral- 
ization or utilization of heparin or its clearing 
process cofactors. 


LIPOPROTEIN SEPARATION BY PAPER ELECTRO- 
PHORESIS. John E. Peterson, ® Albert L. Chaney, * and 
Fung-Haan Hsu. Dept. Internal Medicine and 
Pathology, College Medical Evangelists, Los 
Angeles, Calif. | 


A number of technics for measuring the sepa- 
ration of serum lipoproteins by electrophoretic 
means have been described. À paper medium is 
quite convenient and has been used througaout 
this study. Minor changes in temperature, 
humidity, buffer strength, voltage and paper are 
shown to modify results significantly. After 
electrophoretic separation, the paper strips can 
be colored by a number of dyes. Both protein 
and lipoprotein patterns are developed with 
appropriate staining, and relative changes can 
be measured by elution or by densitometric 
scanning. Slight variations in stairing, washing 
and drying of the paper strips wiil profoundly 
change the patterns. 

With meticulous attention to the variables in 
electrophoretic separation and staining, good 
reproducibility can be obtained with a standard 
error of approximately 5 per cert. With this 
degree of sensitivity changes in the lipoprctein 
pattern can be noted following meals of varving 
fat content, and changes in the gamma, beta and 
alpha lipoprotein areas can be followed. 


PROTEIN METABOLISM IN THE MAMMALIAN 
Kipney. Alvin L. Sellers,* Harald Eliasch, Jessie 
Marmorston and Sheldon Rosenfeld. Inst. Medical 
Research, Cedars of Lebanon Hospital and the 
Dept. Medicine, Univ. Southern California 
School Medicine, Los Angeles, Calif. 


It has been adequately demorstrated :hat 
plasma proteins pass the glomerular filter and 
are reabsorbed by the cells lining the proximal 
convoluted renal tubule. The magnitude of this 
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process has been measured in the rat, employing 
the dye T-1824. It was estimated that in this 
species approximately 5 mg. of plasma protein 
per hour is reabsorbed. 

If this material is degraded to amino acids and 
polypeptides by the tubule cells one might 
expect to find differences in the concentration of 
amino acids and polypeptides in renal arterial 
and venous blood. The concentration of amino 
acid and polypeptide nitrogen in plasma’ samples 
from the aorta, the renal vein and the inferior 
vena cava of the rabbit has been determined. 
It is demonstrated that there is a significantly 
higher concentration of amino acids and poly- 
peptides in the renal vein than in either the 
aorta or the inferior vena cava. The possible 
implication of these findings in relation to the 
role of the kidney in protein metabolism is 
discussed. 


STUDIES IN HUMAN PLASMA PROTEIN FORMATION. 
m. Fate of Transfused Internally S?5-Labeled 
Plasma Protein and Albumin, Compared with 
I'?.Tabeled Albumin, and Plasma Protein 
Endogenously Synthesized from  S?*-Labeled 
Amino Acid Precursors. Sheldon Margen* and 
Harold Tarver. Dept. Physiological Chemistry, 
Univ. California Medical School, Berkeley, 
Calif. 


In a previous report it was shown that (1) the 
administration of S?* labeled amino acids to 
study albumin turnover mav not be valid be- 
cause of possible “re-entry” phenomenon from 
S35 amino acids arising from the breakdown of 
body proteins. Long biological half-lives (thirty- 
six to fifty-five days) were obtained. Moreover, 
when this method is employed, “pool size” 
must be estimated by other technics. (2) The 
I! technic may be valid but the question of 
whether the iodine labeled material represents 
"normal" biologic protein remains unsettled. 
The apparent half-life of the iodinated albumin 
changes during the course of the experiment, 
gradually lengthening. 

In order to evaluate the two preceding meth- 
ods a large dose of S?5 labeled amino acids was 
given to a donor. After twenty-four hours a 
phlebotomy was performed and the plasma 
separated. In one series of experiments the 
plasma was administered to normal individuals 
and the activity of the albumin fraction was 
determined on specimens withdrawn at inter- 
vals. In the other experiments the plasma was 
fractionated according to the method of Cohn 
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and the albumin administered to the normal 
recipients. The results and conclusions obtained 
from these experiments are as follows: (1) The 
curves obtained were different from either of the 
two previous methods. (2) After about six to 
eight days a single first order exponential curve 
is obtained with a half-life of twenty-six to 
thirty-one days. (3) The curves were the same 
whether plasma or albumin were employed. 
(4) The pool size can be determined directly 
with this technic. (5) “Re-entry” is of no conse- 
quence with this technic. (6) To date the technic 
described is the only valid one for measuring 
albumin “‘turnover.”’ 


INTRA- AND EXTRA-VASCULAR DISTRIBUTION OF 
CaRBON Monoxipe (CO) AND RADIOACTIVE 
CHROMIUM (Cr!) iN BLoop VoLuME DETER- 
MINATIONS. Reidar Wennesland, Norman Nomof, 
Ellen Brown* and James Hopper Jr.* Dept. 
Medicine, Univ. California School Medicine, 
San Francisco, Calif. 


In simultaneous determinations of blood 
volume with CO and Cr?! the values found with 
CO averaged 16 per cent greater than those 
obtained with Cr®!, Animal experiments were 
undertaken to demonstrate whether this dis- 
crepancy is caused by extravascular accumula- 
tion of CO and to determine if possible which 
tissues have greatest affinity for CO. CO gas and 
Cr®-tagged erythrocytes were given simul- 
taneously to dogs (4 expts.) and rabbits (11 
expts.), and the animals were sacrificed. The 
ratio CO : Gr*! was determined in the blood and 
used as the unit to which the CO: Cr*! ratio 
of various tissue homogenates was compared. À 
tissue ratio significantly larger than one was 
considered indicative of extravascular CO 
accumulation. Evidence of relative accumulation 
of CO was found in myocardium and red skeletal 
muscle. In the dog the average CO: Cr*! ratios 
of these tissues were 3.2 and 4.0 times the blood 
ratio. Corresponding values for the rabbit were 
1.31 and 2.47, probably because of lower con- 
tents of myoglobin. A dog which had been 
perfused with saline showed 7.85 and 32.8. 

In contrast, evidence of relative accumulation 
of Cr*! was found in the lung and spleen. In the 
lungs of dogs and rabbits the average GO: Cr?! 
ratios were 0.85 and 0.65, and in the lungs of the 
perfused dog 0.34. In rabbit spleen and per- 
fused dog spleen the tissue ratios were 0.77 and 
0.06, respectively. 

It is concluded that CO accumulates in 
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myocardium and skeletal muscle. Cr?! may 
accumulate in the lung and spleen because the 
physicochemical properties of erythrocytes are 
changed by the procedures used. 


POTASSIUM CONTENT OF GASTROINTESTINAL SE- 
CRETIONS AND ITS RELATION TO ‘ToTAL Ex- 
CHANGEABLE POTASSIUM. N. J. Sweet, J. Nadell 
and I. S. Edelman.* Dept. Medicine, Univ. 
California School Medicine, San Francisco, 
Calif. 

The gastrointestinal pool of potassium is not 
considered in present calculations of shifts of 
that ion in response to metabolic stimuli. 
Neither is it considered as a possible homeostatic 
reservoir when there are abnormal losses of 
potassium from the body. In this study we have 
measured the fraction of the total exchangeable 
potassium contained in the lumen of the gastro- 
intestinal tract. ‘Thirty-eight rabbit experiments 
have been performed. K-43 was used to 
measure the distribution of exchangeable body 
potassium. Following administration of the 
isotope, samples of blood and urine were ob- 
tained and the gastrointestinal tracts, from the 
cardia of the stomach to the mid-transverse 
colon, were removed. These animals were 
studied after fasting periods varying from four to 
forty-two hours. The minimum period of 
isotope equilibration was twenty-one hours. 

The following results were obtained: (1) 
Intralumenal gastrointestinal tract potassium 
content averaged 6.2 per cent of the total 
exchangeable potassium with a range of 2.6 to 
9.8 per cent. (2) The partition of potassium in 
the gastrointestinal tract expressed as per cent 
of total exchangeable potassium was (a) stom- 
ach 0.6 per cent (range 0.3 to 1.3 per cent), 
(b) small intestine 1.2 per cent (range 0.5 to 
2.3 per cent) and (c) cecum and proximal 
transverse colon 4.6 per cent (range 1.5 to 
7.6 per cent). (3) The specific activity of 
gastrointestinal contents indicated that radio- 
potassium exchange is complete at forty hours. 
(4) In twelve rabbits forty-hour total fecal 
excretion of potassium averaged 3.3 mEq. 
(range 0.4 to 9.0 mEq.) and was therefore 
significant in some instances. 

These data indicate that a significant propor- 
tion of the total body potassium pool of rabbits 
is within the lumen of the gastrointestinal tract 
and that this fraction is an additional subcom- 
partment to be considered in body potassium 


. distribution. 
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Potassium WasHouT BY ENEMAS. Marcelle Dun- 
ning and Fred Plum. Div. Neurology, Dept. 
Medicine Univ. Washington, Seattle, Wash. 


The discovery of profound hypokalemia in a 
man with a cauda equina lesion led tc the 
hypothesis that excessive potassium washou: had 
occurred during enemas. Blood, urine and fecal 
contents were analyzed for potassium in this 
man and in other patients requiring either 
sporadic or repeated tap water enemas. As 
much as 250 mEq. of potassium was found in a 
single enema efflux. Potassium washout varied, 
however, from patient to patient and was as 
small as 0.5 mEq. in some instances. Serum 
potassium fell as much as 1.5 mEc. when wash- 
out potassium was large. Immediate urinary 
conservation failed to compensate bowel potas- 
sium loss. When contact between large amounts 
of enema fluid and bowel wall was prolorged, 
. patients with neurogenic bowel dysfunction had 
the most potassium in their enema returns. 
Clinical symptoms of hypopotassemia were 
seen only when body stores had been depleted. 
Effective bowel care reduced the fluid anc the 
time required for stool evacuation and prevented 
significant potassium wastage. 


EFFECT OF RESPIRATORY ACIDOSIS CN THE INTER- 
NAL DISTRIBUTION OF Porassium. B. H. Scribuer, * 
J. M. Burnell and Kenneth Fremont-Smith. V. A. 
Hospital and Dept. Medicine, Uriv. Wasking- 
ton School Medicine, Seattle, Wash. 


Several investigators, including Fenn, Abrams 


and particularly Keating, have demonstrated . 


that metabolic acidosis causes hyperkaliemia by 
effecting a transfer of potassium out of the cells 
while metabolic alkalosis leads to hypokaliemia 
and an inward movement of potassium. Con- 
trariwise the muscle analysis data of Darrow 
have been interpreted by many to indicate that 
acid-base imbalance has just :he opposite 
effect on the internal distribution of potassium. 
. In this study respiratory acidcsis was pro- 
duced by allowing ten dogs to breathe 30 per 
cent CO; and 70 per cent oxygen, the pH falling 
to about 6.9. Ten additional dogs served as 
controls. Five dogs in each group had ureteral 
ligation just prior to the study. There was no 
significant change iu the serum potassium level 
. of anesthetized controls but in dogs with respira- 
tory acidosis there was a gradual rise in serum 
potassium to levels of 6 to 9 mEq./L. Internal 
balance calculations using the chloride space 
demonstrated that this rise in serum potassium 
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was due to transfer of potassium out of the 
cells. 

Potassium loads were given intravenously to 
five normal dogs and to five dogs with respiratory 
acidosis. Eighty per cent of the potassium re- 
tained by the normal dogs entered the cells. 
None of the potassium retained by the acidotic 
dogs entered the cells. 

These results demonstrate that respiratory 
acidosis causes a transfer of potassium out of the 
cells. ‘This is similar to the transfer observed in 
metabolic acidosis by Keating. 


STUDIES ON THE MECHANISM OF RENAL TUBULAR 
Aciposis. Telfer B. Reynolds and Helen E. Martin.* 
Dept. Medicine, Univ. Southern California 
School Medicine and the Los Angeles County 
Hospital, Los Angeles, Calif. 


Three adult patients with well documented 
renal tubular acidosis have been studied in an 
effort to elucidate the mechanism responsible for 
the syndrome. All demonstrated low basal 
urinary ammonia and titratable acid excretion 
and a relatively constant urine pH in the vicinity 
of 6.5. Infusion of 10 cc./kg. of isotonic neutral 
phosphate solution resulted in a 15-fold rise in 
urinary phosphate excretion, a mean increase in 
titratable acidity from 16 to 130 uLEq./minute 
and a mean drop in pH from 6.67 to 6.39. Infu- 
sion of 7 per cent NaHCO,, 5 cc./kg., resulted in 
a rise in serum bicarbonate levels from a mean of 
17.5 to 28.3 mEq./L. and an increase in tubular 
bicarbonate reabsorbtion from 1.7 to 2.8 mEq./ 
minute/100 cc. glomerular filtrate. Bicarbonate 
excretion did not change significantly (23 
yEq./minute). 

In two of the patients oral administration of 
2.0 mEq./kg./day of ammonium chloride 
produced a progressive symptomatic acidosis 
without appreciable increase in urinary am- 
monia or titratable acid excretion. However, 
equivalent oral doses of acid phosphate salt 
were well tolerated, acidosis did not progress 
and urinary titratable acidity increased fourfold. 

The carbonic anhydrase system, as suggested 
by others, appeared capable of marked increase 
in activity under certain circumstances. Al- 
though bicarbonate excretion is increased in the 
basal state appropriate to the relatively high 
urine pH, tubular reabsorptive capacity for 
bicarbonate is not impaired. A method of in- 
creasing the low basal ammonium excretion has 
not been found. Current etiologic theories do 
not seem to be consistent with these data. 
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RoLE oF Lactic ACID IN METABOLISM. Douglas 
R. Drury* and Arne N. Wick.* Dept. Physiolozy, 
School Medicine, Univ. Southern California, 
Los Angeles and Scripps Metabolic Clinic, 
La Jolla, Calif. 


Lactic acid is ordinarily considered not as a 
fuel but as a breakdown product of anaerobic 
glycolysis that is reconverted to glucose by the 
liver before it is oxidized. Workers in the past 
have doubted that lactic acid can be oxidized 
directly by the muscles, although according to 
one view the muscles can convert it to glycogen. 
A study has been made of this problem in the 
eviscerated animal, making use of radioactive 
labeled lactate. It has been found that lactate 
is rapidly and preferentially burned to carbon 
dioxide by the extrahepatic tissues. In this 
preparation there is a high turnover rate of 
lactate. These results indicate that there is also a 
high turnover rate in the intact animal, al- 
though the concentration of lactic acid is kept 
low by its oxidation by the peripheral tissues and 
its conversion to glucose by the liver. 


METABOLIC PATHWAYS OF COPPER METABOLISM. 
J. P. Mahoney, J. A. Bush, C. J. Gubler, G. E. 
Cartwright,* and M. M. Wintrobe.* Dept. 
Medicine, Univ. of Utah, College Medicine, 
Salt Lake City, Utah. 


Following the intravenous administration of 
radioactive copper to normal dogs, 0.6 per cent 
of the injected dose was recovered in the urine 
and 11.7 per cent in the stools during a five-day 
period. In dogs with the bile duct ligated, 2.8 
per cent of the radioactive copper was recovered 
in the urine and 3.2 per cent in the stool. In 
dogs with the bile duct transposed to the urinary 
bladder, 12.3 per cent of the injected dose was 
recovered in the urine plus bile and 1.5- per 
cent in the stools. Similar observations have 
been made in normal human subjects except 
that a smaller fraction of the injected dose has 
been recovered in the excreta. 

Following the intravenous injection of radio- 
active copper into human subjects, radioactivity 
in the plasma decreased rapidly and reached a 
low level within two hours. Thereafter, during 
the next four days there was a progressive rise in 
the radioactivity of the plasma. 


VALUE OF GONADOTROPIN ASSAYS IN THE DIFFER- 
ENTIAL Diacnosis OF MYXEDEMA. Paul P. 
VanArsdel, Jr. and Robert H. Williams.* Dept. 
Medicine, Univ. Washington School Medicine, 
Seattle, Wash. 
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The differentiation of Simmonds’ disease 
from primary hypothyroidism poses problems. 
We have studied the findings in ninety-four 
adult patients, who have shown documented 
hypothyroidism in the presence or absence of 
pituitary deficiency. There were thirty-five 
cases of primary myxedema; of the patients 
with Simmonds’ disease, nineteen were due to a 
chromophcbe adenoma, twelve to postpartum 
necrosis of the pituitary, three to a cranio- 
pharyngioraa, two to an eosinophilic adenoma, 
one to an aneurysm of the internal carotid 
artery and twenty-two to pituitary failure of 
unknown cause. Special attention was paid to 
serum cholesterol levels, I!*1 response to thyroid- . 
stimulating hormone, and urinary gonadotropin 
assays. In our experience adrenal response 
to ACTH and insulin tolerance tests were not of 
as much value in differentiating primary from 
secondary myxedema. 

The serum cholesterol was significantly 
elevated in 71 per cent of the patients with 
primary myxedema but was elevated in only 13 
per cent of those with secondary myxedema 
despite good nutritional status in a majority of 
the latter. As has been reported by others, 
thyroid I!! uptake averaged higher than in 
primary myxedema, although protein-bound 
iodine levels in serum were not significantly 
different in our two groups. In patients with 
secondary myxedema, thyroid-stimulating hor- 
mone, given intramuscularly 10 units per day 
for three days, produced elevations of I!?! 
uptake to levels ranging from 21 per cent to 
75 per cent without any particular correlation 
with the severity of the clinical picture. The 
urinary gonadotropin levels were of special 
diagnostic value in the postmenopausal females 
who comprised 83 per cent of our group of 
patients with primary myxedema and 36 per 
cent of those patients with pituitary deficiency 
not due to postpartum necrosis. Urinary 
gonadotropins were not present in any of 
thirty-seven patients with pituitary deficiency. 
In twenty postmenopausal women with primary 


myxedema, gonadotropins were found at the 


usual high amounts in sixteen, were present only 
at low levels in two and were absent in two. 
Because the occasional patient with pituitary 
myxedema may have a thyroid gland unre- 
sponsive to thyroid stimulating hormone, addi- 
tional diagnostic tests, especially the gonado- 
tropin assay, are indicated. 
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Assay OF TuHvRorROoPIN (TSH) Usine THorrow 
Tissue Suices. John L. Bakke* and Nancy Lawrence. 
Dept. Medicine, V. A. Hospital, Univ. 
Washington, Seattle, Wash. 


Surviving beef thyroid slices were incukated 
for one hour in a modified Krebs’ medium 
labeled with radio-iodide and then transferred 
to non-radioactive medium to measure the 
release of radio-iodide from the slice into the 
medium. Propylthiouracil, 107? M, was present 
in all mediums to prevent organic binding, 
thereby limiting the study to inorganic radio- 
iodide. TSH added in vitro to the release medium 
caused the slice to retain twice as much radio- 
iodide as did controls. Expressed as a tissue/ 
medium iodide concentration ratio (T/M) 
a control level of 85.4 + 9.67 (mean + standard 
error) was increased to 147.7 + 18.2 by 0.08 
U.S.P. milliunits of TSH (tg = 17, highly 
significant). The T/M. response was prapor- 
tional to the log-dose of TSH between 0.001 
-and 0.1 m.u., a range believed to include the 
normal human serum level of TSH. 

Using a model consisting of two compart- 
ments, the medium iodide space and the t:ssue 
iodide space, the measured release of t:ssue 
radio-iodide over a four hour period perm:tted 
one to solve for the rate constants kı, represent- 
ing the release of iodide from the slice intc the 
medium, and ks, representing the transport of 
iodide back into the slice. In a prelimiaary 
experiment the control value of kı was 0.336 and 
ke was 0.378. TSH increased kı to 0.482 and 
ks to 0.820. Although TSH increased both rates, 
it increased uptake more than release anc in- 
creased iodide flux (ks — ki) eightfold as com- 
pared with controls.. 

These experiments support the hypotaesis 
that TSH directly stimulates the iodide-col- 
lecting mechanism providing a sensitive response 
to TSH which may be directly applicable to 
human serum. 


OBSERVATIONS OF SODIUM-RETAINING CORTIZOID 
(ALDOSTERONE) IN Human Urine. Robert H. 
Curtis, Bernard J. Axelrad, Ben B. Johnson, and 
John A. Luetscher, Jr.* Dept. Medicine, Stanford 
Univ. School Medicine, San Francisco, Calif. 


Sodium-retaining corticoid has been found in 
the urine of normal men, and increased amounts 
have been recovered from the urine of patients 
with reduced sodium excretion. The sodium- 
retaining corticoid from the urine of a patient 
with nephrosis has been identified as aldosterone 
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by Neher and Wettstein. Aldosterone has not 
been found in the urine of patients with Addi- 
son’s disease or in those subjected to bilateral 
adrenalectomy. The output of this hormone is 
apparently independent of pituitary control 
since a normal quantity of aldosterone is found 
in the urine of patients with panhypopituitarism 
and in those subjected to hypophysectomy. 
Marked restriction of sodium intake is followed 
by increased output of aldosterone. The basis for 
increased aldosterone output in patients with 
nephrotic syndrome, congestive heart failure, 
Laennec’s cirrhosis or toxemia of pregnancy is 
being studied. 

In general, increased aldosterone output is 
accompanied by reduced sodium excretion. In 
polycystic disease of the kidneys and in con- 
genital adrenal hyperplasia, a normal or in- 
creased output of aldosterone may be accom- 
panied by urinary sodium loss, presumably 
because the effectiveness of aldosterone is 
reduced. 


CLINICAL STUDIES WITH 9-ALPHA-FLUOROHY- 
DROCORTISONE. R. H. Orr, V. Di Raimondo, 
M. E. Flanagan, and P. H. Forsham.* Metabolic 
Unit Research in Arthritis and Allied Diseases 
and Dept. Medicine, Univ. California School of 
Medicine, San Francisco, Calif. 


In the rat and .dog 9-alpha-fluorohydrocorti- 
sone (FF) has been shown by others to be 
approximately twenty times as potent as 
hydrocortisone in glucocorticoid and eosinopenic 
activity and three to five times as potent as 
desoxycorticosterone in electrolyte regulation. 
Potencies of the same order of magnitude have 
been observed in the experiments with human 
subjects to be presented. Balance studies in 
a bilaterally adrenalectomized-oophorectomized 
subject indicate that FF is considerably more 
than ten times as active as hydrocortisone in 
producing sodium retention. This effect is the 
limiting factor in systemic use of this com- 
pound in therapy. Topically applied 0.25 per 
cent FF acetate ointment appears more effective 
than 2.5 per cent hydrocortisone acetate in the 
treatment of certain inflammatory and allergic 
skin conditions. In such topical uses its advan- 
tage in superior anti-inflammatory potency may 
be explicited without undesirable side effects. 

FF has been found to be a highly effective 
suppressant of adrenal cortical secretion. Since 
the metabolites of FF contribute negligibly to 
urinary 17-keto- and 17-hydroxy-steroids, the 
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measurement of these hormones accurately 
reflects adrenal function. Five to 10 mg. of FF 
given as ari eight hour intravenous drip, or 1 to 
2 mg. by mouth every six hours, markedly 
suppress adrenal cortical output. Studies of the 
pituitary-adrenal relation in normal as well as 
abnormal states of adrenal cortical function will 
be presented. 

Preliminary results from a study of urinary 
metabolites of FF indicate that degradation and 
conjugation are similar to that of hydrocortisone. 
These findings, in conjunction with the observed 
high topical potency, support the conclusion that 
the potentiality of action affected by halogen 
substitution probably occurs at the cellular 
level in the target tissues. 


CIRCULATING CONCENTRATIONS OF ADRENO- 
CORTICOTROPHIN IN RHEUMATIC FEVER. A. Ber- 
trand Brill, Robert S. Ely* and Vincent C. Kelley.” 
Univ. Utah School Medicine, Salt Lake City, 
Utah: 


A satisfactory determination of endogenous 
ACTH levels in blood has become possible or.ly 
recently. Development of the adrenal ascorbic 
acid depletion method for assaying the ACTH 
content of blood has been applied in investiga- 


tions with animals and more recently in clinical - 


investigations in occasional patients. This method 
allows assessment of pituitary function permit- 
ting a separate analysis of the factors involved in 
the pituitary-adrenal glands. In the present 
study endogenous ACTH activity was deter- 
mined in the blood of forty children. These 
included normal control groups, subjects in 
various stages of rheumatic fever and its 
therapy and patients with Sydenham’s chorea. 
In the group of normal children, ACTH con- 
centrations were not detectable. In rheumatic 
fever patients, before administration of hormone 
therapy, high levels of circulating ACTH were 
found which varied with the acuteness of the 
disease. Subsequently these levels were influ- 
enced by the type of therapy administered. 


EnvrHROCYTE CARBOHYDRATE METABOLISM IN 
HEREDITARY HEMOLYTIC ÁNEMIAS. A. G. Motul- 
sky, B. W. Gabrio, # J. Burkhardt and C. A. Finch. * 
Dept. Medicine, Univ. Washington, Seattle, 
Wash. 

Most hereditary hemolytic anemias are char- 
acterized by non-specific morphologic red cell 
anomalies. Abnormal shape may be absent 
altogether, as in hereditary non-spherocytic 
hemolytic disease. Structural changes fail to 
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explain increased destruction in most instances. 
Since glucose is the prime source of energy of the 
red cell, an investigation of carbohydrate 
metabolism of abnormal erythrocytes appeared 
desirable. Methods included measurements of 
erythrocyte glycolytic rates, P?? uptake and 
analysis of non-radioactive and tagged phos- 
phorylated intermediates by differential hy- 
drolysis and by paper electrophoresis and 
chromatography. Radioautographs of paper 
strips allowed ready screening, visualization 
and densitometric quantitation of metabolic 
abnormalities. 

Total P** uptake and glycolytic rates of ma- 
ture cells were normal in hereditary non- 
spherocytic hemolytic disease and in hereditary 
spherocytosis as well as in all other hemolytic 
anemias studied. Disturbed intracellular distri- 
bution of phosphorylated intermediates was 
detected in several cases of hereditary non- 
spherocytic disease and in hereditary sphero- 
cytosis. In the former condition, increases of 
2,3-diphosphoglycerate were found, while the 
defect in hereditary spherocytosis consisted of 
accumulation of intraerythrocytic inorganic 
phosphate during incubation with P**. Glucose 
and adenosine im vitro corrected the latter 
abnormality. The abnormal pattern showed 
little intrafemilial variability but differed from 
family to family. 

Incubaticn of hereditary spherocytes for 
twenty-four hours at 37°c. causes marked 
increases in osmotic fragility. Such a metabolic 
stress test demonstrated the biochémical defect 
in another manner since glucose, adenosine and 
related nucleosides tended to correct the ab- 
normal fragility. 

These studies demonstrate the existence of 
apparently genetically controlled metabolic 
lesions in abnormal red cells. It has been shown 
that a reversible erythrocytic defect produced 
by red cell storage seriously interferes with 
viability of normal stored cells. It is suggested 
that the demonstrated lesions in hereditary 
hemolytic anemias may similarly be significant 
in producing the shortened red cell life span of 
abnormal cells. 


DESTRUCTION OF BOVINE ANTIHEMOPHILIO FACTOR 
BY A COMPONENT OF HuMAN PLASMA. Theodore 
H. Spaet* and Evelyn J. Garner. Stanford Univ. 
School Medicine, San Francisco, Calif. 


Although the antihemophilic factor (AHF) of - 
human plasma is storage-labile, bovine AHF is 
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stable even after prolonged periods of storage. 
The difference between human and bcvine 
AHF lability could be due to intrinsic differ- 
ences in the protein molecule, a. destructive 
factor in human plasma, or a protective factor in 
bovine plasma. lo determine which of these 
hypotheses was more likely, AHF assays were 
done on mixtures of human and bovine plesma 
which had been incubated together at room 
and refrigerator temperatures. Control assays 
were undertaken on these same plasmas which 
had been incubated separately and mixed just 
prior to testing. Additional contrel assays were 
done on mixtures of plasmas incubated with 
saline. AHF was measured both by the thrombo- 
plastin generation test and by the ability of a 
specimen to improve the prothromoin consump- 
tion of hemophilic blood. 

The AHF content of bovine plasma incubated 
with human plasma was lower than that of 
bovine plasma incubated with saline. Fresh 
mixtures of bovine and human plasma which 
had been incubated separately were as active 
or more active than bovine plasma incubated 
. with saline. These data indicate a compoaent 
in human plasma which destroys bovine AHF. 
Additional studies were made on the properties 
of this component. It appeared to be in fraction 
ur of Cohn, was not destroyed by heatinz to 
56?c., was not adsorbed on barium sulfate and 
was less active in serum than in plasma. Plesma 
from patients with hemophilia or with a cir- 
culating anticoagulant, did not have greater 
than normal destructive activity. T'he data sug- 
gest that human AHF is unstable because of a 
plasma component which destroys or inactivates 
the protein. | 


CAPACITY FOR LEUKOCYTE AND PLATELET 


PRODUCTION AS STUDIED BY LEUKOPHERESIS.. 


C. G. Craddock, Jr:,* S. Perry and J. S. Lawrence. * 
Univ. California School Medicine, Los Angeles, 
Calif. 

A technic of rapid mechanical removal of 
leukocytes and platelets from peripheral bl»od, 
termed leukopheresis, has been applied to cogs. 
Clearance of these elements at a rate in excess of 
one blood volume per hour for two to taree 
hours results in marked leukopenia and throm- 
bopenia. The reappearance of cells follows a 
fairly uniform pattern. For one to two hours 
after a single sustained leukopheresis. the white 
cell level remains low. Steady, linear rise then 
begins, reaching baseline in four to five hours 
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and continuing to 200 per cent to 400 per cent 
above baseline where it remains for two to three’ 
days, slowly declining to normal. 

Repeated leukophereses on successive days 
indicate that the normal animal can rapidly 
replenish the peripheral blood with leukocytes 
even though several times the number in the 
peripheral blood are removed. Following three 
days of leukopheresis the white blood cell level 
rises to a peak of 30,000 to 50,000/mm.? on the 
fifth to sixth day. The marrow changes indicate 
myeloid hyperplasia and immaturity beginning 
on the third to fourth day becoming extreme on 
the fifth day. Dogs exposed to heavy irradiation 
one hour prior to leukopberesis can still develop 
a leukocytotic response, although to a limited 
degree. This response becomes progressively 
less as the marrow decreases in cells. - 

Thrombocytopenia induced by rapid clear- 
ance of these elements from the peripheral blood 
persists for three to four days, with megakaryo- 
cytic hyperplasia. 


IN vivo LIFE SPAN or LEUKOCYTES or LEUKEMIC 
PATIENTS AS MEASURED BY RATE OF INCORPORA- 
TION OF P? ix DNA Fraction. Demetrios A. 
Rigas and Edwin E. Osgood.* Div. Experimental 
Medicine, Univ. Oregon Medical School, 
Portland, Ore. . 


P?? is incorporated into DNA only when a cell 
divides. The rate of this incorporation may be 
used to determine the life span and the inter- 
mitotic interval of the cells. Ten patients with 
chronic granulocytic, eight with chronic 
lymphocytic, two with . acute lymphocytic 
and three with subacute monocytic leukemia 
were given intravenous injections of inorganic 
P? and daily booster injections to keep the 
plasma level constant. Daily blood samples were 
obtained, the leukocytes were separated by the 
phytohemagglutinin technic, the DNA was 
isolated by the Schmidt-Thannhauser method 
and its phosphorus and P? determined. The 
DNA specific activity expressed as the per cent of | 
that of the plasma was plotted against time and 
the curves were analyzed with the aid of equa- 
tions derived theoretically. With adequate data 
these equations yield the life span and the inter- 
mitotic interval separately. However, from our 
data only their sum could be derived. This was 
found to be 5.08 + 1.12 days for the chronic 
granulocytic, 4.07 + 0.41 days for the subacute - 
monocytic, 4.35 + 1.46 days for the acute 
lymphocytic, and, in high contrast, 84.2 + 32.0 
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days for the chronic lymphocytic leukemias. An 
analysis of variance disclosed no significant 
difference at the 5 per cent level among the 
first three but the difference in the chronic 
lymphocytic is obviously highly significant. 

It is interesting that the figure of 5.08 + 1.12 
days for chronic granulocytic leukemia is not 
significantly different from that of 106 hours 
derived by Osgood from marrow culture data. 


COMPARISON OF RELATIVE RATES OF FORMATION 
or New LEUKOCYTES IN MYLERAN TREATED AND 
UNTREATED PATIENTS WITH CHRONIC GRANULO- 
CYTIC LEUKEMIA: Measured by Uptake of 
Radioactive Phosphorus in Isolated Desoxyribo- 
nucleic Acid. Jonah G. Li,* M. E. Leonard and 
Gerald Harrison. San Francisco, Calif. 


A comparison has been made between the 
relative rates of formation of new leukocytes in 
patients with untreated chronic granulocvtic 
leukemia and in patients with the identical 
.disease but treated with myleran (1,4-dimethyl- 
sulfonyloxybutane). The Osgood technic 
(Cancer, 5: 331, 1952) of measuring the uptake 
of radioactive phosphorus (P??) in the isolated 
desoxyribonucleic acid (DNA) was utilized as 
an index of the relative rates of formation of new 
leukocytes. 

It was found that myleran, given to four 
patients with chronic granulocytic leukemia in a 
dose of 100 mg. divided over a four-day period, 
suppressed the P*? uptake by the leukocyte DNA 
to approximately 20 per cent of that obtained in 
the untreated patient. In a single patient with 
chronic granulocytic leukemia treated with a 
lower dosage of myleran, 2 and 4 mg. on alter- 
nate days continuously, the P?? uptake by the 
leukocyte DNA was reduced to approximately 
35 per cent of that of the untreated level. These 
findings are interpreted as indicating that 
myleran is effective in lowering the number of 
circulating leukocytes by virtue of a cytostztic 
action (inhibition of mitosis). It is felt that if its 
action were primarily cytotoxic there would be 
essentially no suppression of P?* uptake by <he 
DNA. 


“CLINICAL EVALUATION OF ADMINISTRATION OF 
6-MERCAPTOPURINE, 6-l'HIOGUANINE AND AZA- 
SERINE IN ACUTE AND CHRONIC LEUKEMIA. B. E. 
Hall,* F. M. Willeti, E. B. Reed, W. F. Dowling 
and T. V. Feichtmeir. San Francisco, Calif. 


During the past eighteen months thirty-nine 
patients with acute leukemia, six patients with 
chronic granulocytic leukemia and one patient 
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with chronic lymphocytic leukemia have been 
treated with 6-mercaptopurine alone or in 
combination with 6-thioguanine or azaserine. 
Of the thirty-nine patients with acute leukemia 
(five children and thirty-four adults) eight 
received an inadequate trial of therapy. Of the 
thirty-one patients receiving adequate therapy, 
remission was induced initially in nineteen 
patients (61 per cent). In four adults remission 
was complete, lasting fifteen, twelve, six and 
three months, respectively. No treatment was 
given during complete remission. T'wo of the 
four patients are still living and well; two re- 
lapsed and died. 

Of fifteen patients in whom partial remission 
was induced, maintenance therapy frequently 
was utilized. Five patients became resistant to 
the administration of 6-mercaptopurine alone. 
In two, remission was obtained by combination 
therapy (6-mercaptopurine and  azaserine); 
three failed to respond to the simultaneous 
administration of 6-mercaptopurine and aza- 
serine or 6-mercaptopurine and 6-thioquanine. 

Details of dosage schedules, survival times, 
complications of treatment and biochemical 
studies relating to urinary excretion of uric 
acid, amino nitrogen, phosphorus, and so forth 
in acute leukemia will be presented. The results 
of treatment in seven patients with chronic 
leukemia was discussed. 


BEnNHEIM' SYNDROME: Is Ir A CLINICAL 
Entiry? Arthur Selzer,* Herbert W. Bradley and 
Forrest M. Willett. Medical Service, V. A. 
Hospital and Dept. Medicine, Stanford Univ. 
School Medicine, San Francisco, Calif. 


In the past decade there has been a revival of 
interest in the concept of isolated right ventric- 
ular failure appearing in the course of left-sided 


' cardiac lesions thought to be due to deviation of 


the cardiac septum to the right resulting in 
“right ventricular stenosis" (Bernheim, 1910). 

A study of circulatory dynamics was made of a 
patient who fulfilled all the clinical criteria for 
*'Bernheim's syndrome,” the postulated findings 
of which were confirmed at autopsy. It was 
found that the patient had marked elevation of 
left atrial pressure and pulmonary hypertension 
in addition to signs of right ventricular failure. 
These findings are inconsistent with the tradi- 
tional concept of Bernheim's syndrome for they 
point to the conventional chain of events of left 
ventricular failure—-pulmonary hypertension— 
right ventricular failure in spite of the clinical 
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absence of dyspnea and signs of pulmorary 
congestion. A further scrutiny of tne Bernheim 
concept revealed that its pathologic criterian is 
based on a misconception, because z “deviation” 
of the septum encroaching on the cavity of the 
right ventricle can be demonstrated in all cases 
of left ventricular hypertrophy, regardless of the 
clinical pattern, and is frequently present in 
normal hearts. It is concluded that ““Bernhe:m’s 
syndrome" is not a clinical entity but merely 
represents a variant of conventional cardiac 
failure in left ventricular lesions in which the 
stage of left ventricular failure is clinically 
inconspicuous. 


EARLY SYSTOLIC CLICK OF THE PULMONARY 
ARTERY. Herbert N. Huligren and Joha J. Kelly. Jr. 
Dept. Medicine, Stanford Univ. School Medi- 
cine and State Univ. New York College 
Medicine, New York, N. Y. ` 


In occasional patients with pulmonary hyer- 
tension a sharp sound closely following upon the 
apical first sound is present at tne pulmonic 
area. This has been termed the semilunar 
opening click by Wolferth although it may nct be 
of valvular origin. Twenty-five patients exhibit- 
ing such early systolic clicks have been studied 
clinically and by phonocardiography to investi- 
gate further the characteristics and mode of 
production of this sound. In addition cardiac 
catheterization and electrokymographic studies 
have been made to relate the time of occurrence 
of the click to the mechanical events in the right 
portion of the heart. 

All patients studied had severe pulmonary 
hypertension, and in eight cases this was 
associated with an atrial septal defect. The 
click was maximal over the pulmonic area in the 
majority of cases, and it occurred from .04 tc .09 
seconds (mean .07 seconds) after the apical first 
sound. At the third interspace along the left 
sternal border it often resembled a split first 
sound but the second component was loud over 
the pulmonic area and faint or absent at the 
apex. The first sound-click time js related to the 
duration of the isometric contraction time of the 
right ventricle. The click occurs simultaneo.isly 
or a brief instant after the rise of pressure in the 
pulmonary artery at the time when the wa.l of 
the pulmonary artery is being most rapidly 
tensed. These observations are in accord with 
those reported by Leatham and Vogelpoel in 
1953. 

When the sound is present and is widely 
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separated from the first sound it is a reliable 
indication of severe pulmonarv hypertension. 


DISCREPANCIES BETWEEN SUBJECTIVE AND OBJEC- 
TIVE EVALUATION OF MITRAL COMMISSUROTOMY. 
Gordon G. Bergy and Robert A. Bruce.* Univ. 
Washington, Seattle, Wash. 


Clinical observation has revealed limited and 
gradual improvement as well as recurrent com- 
plications in many patients submitted to mitral 
commissurotomy. This experience is contrary 
to some of the enthusiastic reports of surgical 
treatment of mitral stenosis. In addition, some 
patients report improvement in symptoms 
which is not confirmed by disappearance of signs 
of rheumatic heart disease and its complications. 
In order to evaluate this confusing situation a 
group of thirty unselected patients have been 
restudied from four to thirty-eight (mean 
twenty-one) months after surgery. Histories were 
reviewed with respect to symptoms, present 
capacity for work and recreation, limitations of 
physical. activity including need for daily rest 
periods and drugs used in continued medical 
treatment. Physical examination was supple- 
mented by careful chest fluoroscopy, electro- 
cardiogram, vital capacity and circulation time. 
Tolerance for a standard exercise test was deter- 
mined and compared with serial preoperative 
and postoperative tests. 

Twenty-nine patients claimed marked sub- 
jective improvement. Three were unable to 
work, three were working part time and three 
had easier jobs than before surgery. Many who 
claimed to be entirely well were not able to meet 
the requirements of ordinary daily life. Whereas 
five participated in sports, one-third were unable 
to participate in any recreational activity. Four 
showed signs of frank congestive heart failure 
when re-examined. Only thirteen patients had 
normal exercise tolerance. Subnormal perform- 
ance was usually due to impaired respiratory 
efficiency (associated with low vital capacity and 
0.5 second expiratory volume) and tachycardia. 
Four patients exhibited impaired endurance. 

It is concluded that there are appreciable 
discrepancies between subjective and objective 
evaluation of mitral commissurotomy. Much of 
limited improvement by objective criteria 
relates to subnormal pulmonary function. 


THe PATH or EXCITATION IN CLINICAL AURIC- 
ULAR FLUTTER. David L. Bruns and David A. 
Rytand.* Dept. Medicine, Stanford Univ. School 
Medicine, San Francisco, Calif. 
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Circus movement as a hypothetical mecha- 
nism responsible for human auricular flu-ter 
seemed to be supported by the observation that, 
with this arrhythmia and without quinidine, 
the auricular rate is distinctly slower than 
usual in certain patients with great auricular 
enlargement. 

Exploration of the excitation wave in two such 
cases by means of electrodes in the esophagus and 
on the anterior portion of the chest wall suggests 
that the long auricular cycle is related to in- 
creased path length rather than to slow 
velocity. The wave appeared to ascend poste- 
riorly and to descend anteriorly as if returning. 
Apparent intrinsicoid deflections were recorded 
near the xiphoid as late as 50—75 per cent of the 
cycle length, timed by waves low in the esopha- 
gus within the phase alleged to represent re- 
polarization. In one patient with a cycle lergth 
of 0.33 seconds the wave was found to be pri- 
marily negative at the manubrium (0.15 seconds) 
as well as at the lower esophagus (0.00.seconds) 
and from configuration alone might have com- 
menced near either site; it was positive near the 
xiphoid (0.25 seconds). In the second patient the 
cycle length was 0.34 seconds; the wave was 
negative low in the esophagus (0.00 sec- 
onds) but positive at the manubrium (0.12 
seconds) as well as at the xiphoid (0.18 seconds). 

In a patient with normal auricular size and 
flutter at a more usual rate (cycle 0.25 seconds) 
the wave also was found to be negative low in the 
esophagus (0.00 seconds), positive at manubrium 
(0.05 seconds) and xiphoid (0.12 seconds). 
Similar observations suggesting circus move- 
ment have been reported by others. 


HyYPOPHYSECTOMY IN PATIENTS WITH DIABETIC 
VASCULAR DISEASE; CLINICAL AND METABOLIC 
OBSERVATIONS. Laurance W. Kinsell,* Lester 
Lawrence and Robert D. Weyand. Dept. Medicine 
and Neurosurgery, Samuel Merritt Hospital 
and Inst. for Metabolic Research of Highland 
Alameda County Hospital, Oakland, Calif. 


In these institutions more than a year has 
elapsed since the first hypophysectomy was 
performed in a patient with malignant diabetic 
vascular disease. On the basis of experimental 
observations and observations in patients with 
Sheehan’s syndrome superimposed upon dia- 
betes mellitus, it was predicted prior to surgery 
that hypophysectomy would transform severe 
insulin-resistant diabetes to mild insulin-sensitive 
diabetes and would result in significant decrease 
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in hypertension. It was hoped that by removal 
of the pituitary and adrenocortical hormones 
and amelioration of the diabetes, progression of 
the vascular disease would be slowed or stopped - 
and that possibly improvement in lesions which 
were still potentially reversible might occur. 

Five patients have been, hypophysectomized. 
One of these has been re-operated upon because 
of a less than total hypophysectomy at the time 
of the first operation. There has been no opera- 
tive mortality. The first two patients had exten- 
sive renal damage and died three and one-half 
and four and one-half months after surgery, 
respectively, essentially as the result of renal 
insufficiency. All patients have had striking 
increase in insulin sensitivity and disappearance 
of hypertension when the latter was present. 

In the surviving patients, on the basis of 
evaluation of the optic fundi, of renal function 
and of albuminuria, there appears to be good 
reason to believe that progression of the patho- 
logic vascular condition has been halted. Evi- 
dence strongly suggests improvement in some of 
the existing pathologic vascular conditions. 

It is of interest that total adrenalectomy done 
in similar patients (personal communications 
from Halmi and from Conn) fails to cause any 
major decrease in insulin requirement. This 
suggests that the non-ACTH pituitary “diabeto- 
genic factor" 1s chiefly responsible for the rela- 
tive insulin resistance in these patients. 


CLEARANCE OF RADIOACTIVE IODINE FROM THE 
EXTREMITIES IN PATIENTS WITH MYOCARDIAL 
INFARCTION. F. K. Bauer,* F. R. Mugler, Jr., 
V. M. Lieberman and J. P. Westergart. Radio- 
isotope Unit and Medical Service, Wadsworth 
Gen. Hosp., V. A. Center, and Dept. Medicine, 
Univ. California Medical Center, Los Angeles, 
Calf. 


It has been previously shown that tracer 
amounts of I??!, Na?4 and K* in small amounts 
of normal saline solution can be used inter- 
changeably in clearance tests from injection sites. 
It has also been shown that clearance determina- 
tions after needle injection do not give reproduc- 
ible results but that jet injection does. Tracer 
amounts of one microcurie I!?! in 1 ml. sterile 
normal saline were injected by hypospray into 
the thighs and arms of healthy ‘control subjects 
and of thirty-five patients with myocardial 
infarction. All subjects were in the supine 
position. The solution penetrates into the muscle. 
The disappearance of the injected substance is 
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measured with a scintillation counter which is 
held over the injection site. The time required 
. for half of the radioactivity to disappear from the 
injection site in norraal controls is from seven to 
fourteen minutes, with a mean of nine minutes. 

It is believed that the local isotope clearznce 
is an index of the state of the capillary bed. Two 
different observations are presented in support 
of this belief: (1) A patient with coarctation of 
the aorta with absent pulsations in the lower 
extremities had a normal clearance time in the 
arms and a threefold prolongation of the clzar- 
ance time in the legs. (2) Two healthy control 
subjects received intravenous infusions of nor- 
epinephrine which more than doubled taeir 
clearance times. 

None of the thirty-five patients with myo- 
cardial infarction had clinical signs and symp- 
toms of congestive failure. The venous pressures 
were within normal limits as were their circula- 
tion times (Decholin). Greatly prolonged clear- 
ance times were found in these patients for 
several weeks and even months following nryo- 
cardial infarction. Some patients received ror- 
epinephrine (Levophed) early in the study; their 
peripheral tissue clearances were delayed. 

After the peripheral clearance in the supine 
position had returned to normal it was found, 
when some of the patients were placed in the 
sitting position, that the clearance times again 
became greatly delayed. This is not found in 
normal controls. This phenomenon of postural 
change is present both in the legs and arms but 
not invariably in the same patient. 

It is believed that the delayed clearance of 
peripherally injected I!?! in patients with 
myocardial infarction is caused by a diminution 
of the peripheral capillary bed. Whether this 
phenomenon is mediated through z reflex or a 
humoral mechanism is now under investigation. 


MAXIMUM Exprratory Prow; A BEDSIDE Pur- 
MONARY Function "esr. John R. Goldsmith. 
Dept. Medicine, V. A. Hospital, Univ. Wash- 
ington, Seattle, Wash. 


The maximum breathing capacity test (MBC) 
has become accepted for measuring ventilatory 
function. Being arduous for the patient, and 
technically difficult to perform, the MBC test 
has been supplanted in some laboratories by 
timed vital capacity tests. All such tests depend 
on the maximum flow rate of air during expira- 
tion. Measurement of this rate has been under- 
taken, and its significance as a measure of 
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ventilatory capacity is assessed. A simple, rugged, 
indicating flowmeter has been designed with a 
linear response to flow rates up to 200 liters per 
minute (+3.9 L./minute). It has been used in 
tests on normal subjects and in patients with 
various types of pulmonary insufficiency. Even in 
advanced disease a reliable measurement may be 
made by taking a sufficient number of observa- 
tions. The validity of tests with this portable 
instrument has been compared with simul- 
taneous measurements on a sensitive, high speed, 
recording flowmeter during the maximum 
expiratory flow maneuver. The relationship of 
determinations by these two methods is discussed. 

The correlation between maximum expiratory 
flow and maximum breathing capacity in forty- 
four patients with varying degrees and types of 
pulmonary disease is shown to be greater than 
-+.79, confirming the validity of the maximum 
expiratory flow as a test of the obstructive 
component in pulmonary insufficiency. Its 
performance is as simple as a measurement of 
vital capacity and as easy to reproduce. Together 
with the vital capacity it provides a comprehen- 
sive description of ventilatory capacity. 


PREGNANCY: A Facror RESPONSIBLE FOR Bio- 
LOGIC Farse Positive Reactions AS DETER- 
MINED BY THE TREPONEMA PALLIDUM ImMoBIL- 
IZATION 'lEsr. Charles M. Carpenter, * Ruth A. 
Boar, James N. Miller, Helene E. Drusch, John M. 
Chapman and Gerald A. Heidbreder. Dept. Infec- 
tious Diseases, School of Medicine, Univ. 
California, Los Angeles City and Los Angeles 
County Health Dept., Los Angeles, Calif. 


Positive standard serologic tests for syphilis 
(S'TS) in the absence of clinical evidence of the 
disease presents a difficult diagnostic problem. 
With the development of the Treponema 
pallidum immobilization (TPI) test, however, a 
valuable procedure has become available for 
differentiating biologic false positive (BFP) 
reactions from those due to infection with T. 
pallidum. Because of the high percentage of BFP 
reactions observed among pregnant women 
with positive STS, a study was made to deter- 
mine if pregnancy per se is a factor responsible 
for non-specific reactions. TPI tests were com- 
pleted in sera from 400 pregnant and 400 non- 
pregnant women with positive SIS. Two 
hundred eighty-four or 71 per cent of the 
pregnant women as compared to only 244 or 
61 per cent of the non-pregnant women gave 
negative TPI reactions. Thus the number of 
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negative results in the pregnant group exceeds 
those in the non-pregnant group by 10 per cent, 
a statistically significant difference. In order to 
rule out possible primary syphilis at the time of 
the initial negative TPI result, second samoles 
were submitted approximately three months 
later. Results varied in only one case in whick an 
initially doubtful TPI test subsequently became 
positive. 

Standard serologic tests for syphilis were Der- 
formed on the same serum sample in 169 of the 
pregnant women who gave negative TPI results. 
Ninety-seven still gave positive reactions in one 
or more of the tests, and sixty-six had reverted to 
negative results. Anticomplementary reactions 
were obtained only in six specimens. The stand- 
ard serologic tests for syphilis on serum from 
295 pregnant women in whom the TPI gave 
negative results indicated a low degree of 
specificity for the serologic tests for syphilis. 


DiaGnosis OF POLIOMYELITIS BY TISSUE CULTURE. 
William M. M. Kirby ® and Charles A. Evans. Dept. 
Medicine and Microbiology, Univ. Washinzton 
School of Medicine, Seattle, Wash. 

Utilizing trypsinized monkey kidney cells, 
stool specimens from more than sixty patients 
admitted to King County Hospital since July 
1954, have been tested for the presence of 
poliomyelitis virus. Virus has been recovered 
from more than 80 per cent of the parzlytic 
cases and from approximately 30 per cent cf the 
non-paralytic cases. Of special interest are 
(1) the occurrence of an unusually large number 
of type im (Leon) infections and (2) the recovery 
from at least six patients of viruses which are not 
neutralized by any of the three types of polio- 
myelitis antisera. 


In VITRO SUSCEPTIBILITY oF PROTEUS TO 
ANTIBIOTIC AGENTS. William L. Hewitt,” Charles 
B. Stone and Sidney Finegold. Los, Angeles, Calif. 


The pattern of antibiotic sensitivity of ap- 
proximately 100 strains of proteus isolated from 
clinical sources has been studied employing a 
serial dilution technic. Accepting the fact that 
the sensitivity of proteus to any agent is not of 
a high order, two large groups have been 
delineated, (1) a penicillin-sensitive, road 
spectrum antibiotic-resistant group (6 per cent 
of the strains in this group were sensitive to 
chloramphenicol but resistant to tetracycline) 
and (2) a penicillin-resistant, broad spectrum 
antibiotic-sensitive group. The relaticn of 
species classification to antibiotic sensitivity 
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classification will be discussed. On a weight basis 
chloramphenicol was more effective than tetra- 
cycline. Fifty three per cent of the strains were 
sensitive to 12.5 ug. per ml. or less of the former 
agent and 19 per cent of the latter. Tetracycline 
was as effective or more so than oxytetracycline 
in all instances. Only 4 per cent of the strains 
were sensitive to neomycin or to streptomycin. 
Because of the relative resistance of these 
bacteria to single agents, in vitro studies with 
combinations of antibiotics were undertaken. 
If one-fourth or less of the effective concentration 
of each single antibiotic would prevent growth 
when combined, a significant additive effect was 
assumed to occur. Among the penicillin-sensi- 
tive strains significant additive effects were 
observed with combinations of penicillin-neo- 
mycin (90 per cent of strains) and with chlor- 
amphenicol-neomycin (77 per cent) in spite of 
the relative resistance to neomycin alone. In 
many instances the increased antibacterial 
effect was quite striking. Among the penicillin 
resistant strains significant effects were observed 
with tetracycline-neomycin (83 per cent) and 
with chloramphenicol-neomycin (60 per cent). 


PROTEOLYTIC Enzyme Inurerrion. Frederic C. 
Moll.* Univ. Washington School Medicine, 
Seattle, Wash. 


The proteolytic enzyme extracted from white 
blood cells is inhibited by serum. 'The variations 
in this serum inhibitor have been studied in 
Macacus rhesus monkeys. During control peri- 
ods the serum inhibitor level is constant and of 
low magnitude. Upon stressing the animal by a 
sterile abscess, the inhibitor level promptly 
rises during the period of inflammation. A 
similar rise occurs following the administration 
of hydrocortisone followed by a slow fall to 
within normal limits. In adrenal insufficiency 
produced by sudden cessation of cortisone 
therapy, the sterile abscess is not followed by 
rapid rise of the serum inhibitor as under normal 
circumstances. 

These observations suggest that the level of 
white cell proteolytic enzyme inhibitor level in 
serum is controlled in part through adrenal 
hormones and that it responds quickly to stress 
in the normal animal. This inhibitor response 
may explain in part the anti-inflammatory 
action of cortisone. 


EFFECT OF ANTIBIOTICS ON INTESTINAL ABSORP- 
TION OF VITAMIN Big iN DISORDERS OF THE 
GASTROINTESTINAL Tract. James A. Halsted,* 
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Marian E. Swendseid, Marvin Gasster and Peter M. 
Lewis. Los Angeles, Calif. 


By subtracting the fecal radioactivity, deter- 
mined with a scintillation counter, from the 
amount present in a test dose of cokalt®*-labeled 
vitamin Bı administered orally, intestmal 
absorption of this vitamin can be determined 
with reasonable quantitative accuracy. The 
effect of various agents on absorption, such ‘as 
intrinsic factor preparations or antibiotics, 
can be measured. 

Using a test dose of 0.5 ug. of Co®-Bys the 
average amount absorbed in eleven norraal 
individuals was 68 per cent. In ten patients with 
various diseases of the small intestine 24 per 
cent was absorbed. In eight patients with 
pernicious anemia and in twelve patients who 
had had total gastrectomies there was essentially 
no absorption. Concomitant administration of 
intrinsic factor with the test dose had no effect 
in normal patients nor patients with small 
intestine disease, but in the pernicious anemia 
and total gastrectomy subjects absorption be- 
came normal in each instance. 


The effect of aureomycin? or achromycin? 5n 


the absorption of vitamin By. was determined in 
six patients with pernicious anemia, in four 
patients who had had total gastrectomies and in 
ten patients with small intestine disease. Two 
tests were performed in each patient during tae 
administration of two grams of the antibiotic 
daily. 

There was no effect on absorption in any of the 
patients with pernicious anemia, nor in any of 
the total gastrectomy group. Three of the 
patients’ with small intestine disease hed 
megaloblastic anemia associated with intestinal 
anastomoses and stasis of intestinal contents. In 
these patients a very significant increase In 
absorption of Co*-B,4 occurred. Of the other 
seven patients two had non-tropical sprue, 
four had regional enteritis and one had steato-- 
rhea due to pancreatic insufficiency. Although 
absorption of By. was impaired in each of these 
seven, antibiotic administration did not result in 
increased absorption. 

The relationship of antibiotics to vitamin B: 
utilization and to hematopoiesis will be dis- 
cussed in the light of these findings. 


SERUM TRANSAMINASE LEVELS IN MYOCARDIAL. 
INFARCTION. Clarence M. Agress,* Albert A. 
Kattus and John S. La Due. Cardiovascular and 
Cardiology Lab., Gen. Medical Research 
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Service, V. A. Center; the Dept. of Medicine, 
Univ. California Medical Center, Los Angeles, 
Calif., and the Sloan Kettering Inst. Dept. 
Medicine, Memorial Center, New York, N. Y. 


Clinical studies by one of the authors (La Due) 
have shown that the serum level of transaminase 
rises significantly following acute myocardial 
infarction. This work indicated that a study of 
this kind in dogs, where varied amounts of 
infarction could be produced and more ac- 
curately followed, would prove valuable. The 
coronary arteries of thirteen closed-chest dogs 
were embolized with plastic microspheres. 
Twelve-lead electrocardiograms were used to 
follow the course of the infections and color 
photographs were taken of the hearts at autopsy. 
Serum samples were taken every four hours for 
the first twenty-four to thirty-six hours and some 
dogs were followed for seventy-two hours. 

The results showed that in all cases the serum 


transaminase level rose sharply after myocardial 


infarction, reaching a peak between twelve to 
eighteen hours after embolization. There was a 
relatively linear correlation between the peak 
serum transaminase level and the amount of 
myocardial infarction as estimated at autopsy. 

A clinical study is being carried out at the 
Veterans Administration Center, Los Angeles; 
thus far 197 determinations have been made 
in sixty-four patients. Eleven were controls in 
which the highest level was twenty-four trans- 
aminase units. A miscellaneous group, including 
congestive heart failure, cerebrovascular acci- 
dents, old infarcts in five patients and peri- 
carditis in four patients were in the normal 
range. Peak values of thirteen patients with 
acute myocardial infarction ranged from 40 to 
580 transaminase units. In coronary insufficiency 
patients, as differentiated from myocardial 
infarction patients,' serum -transaminase levels 
were useful in fourteen of seventeen cases. 


INFLUENCE OF BLOOD TRANSFUSIONS UPON THE 
CIRCULATING PLATELETS IN ARTERIAL AND 
VENous BLoop or Man. H. R. Bierman,* Keith 
H. Kelly, and Fauno L. Cordes. Hosp. Tumors and 
Allied Diseases, Div. Research, City of Hope 
Medical Center, Duarte, Calif. 


It has been shown by Harrington et al. that 
the blood or plasma of patients with idiopathic 
thrombocytopenic purpura (ITP) infused into 
volunteers will cause a thrombocytopenia in the . 
venous blood. Prompt fall in the venous platelet 
level within fifteen to thirty minutes after the 
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infusion of the (IT P) factor has been confirmed. 
In three of five patients, however, despite signifi- 
cant reduction of platelet count in venous blood, 
the arterial platelet number was maintained at 
the original level for eight hours or longer, 
following which both the venous and arterial 
platelet level returned to similar levels. Infusion 
of whole blood from normal donors was followed 
by a reduction in the number of platelets, more 
marked on the venous side than on the arterial 
side. This reduction, however, was transient and 
returned to normal levels within three to four 
hours. The reduction in number of platelets 
was of the order of 50,000 to 100,000 platelets 
per cu. mm. In the average adult there are 
approximately 140 to 300 billion platelets that 
are readily available in the circulation. The 
significant changes in the platelet number 
encountered, therefore, reflect the disappearance 
of massive numbers of platelets from the circula- 
tion. The site of disappearance is probably re- 
lated to the peripheral capillaries and to certain 
viscera. 


DIURNAL VARIATION OF ADRENAL CORTICAL 
Activity IN Man. V. Di Raimondo. Metabolic 
Unit for Research in Arthritis and Allied Dis- 
eases and Dept. Medicine, Univ. California 
School Medicine, San Francisco, Calif. 


Diurnal variation: in adrenal activity and 
response has been studied in two normal males 
and compared with that of two patients with 
abnormal adrenal states; one had a single 
hyperplastic adrenal gland and another had 
been on prolonged ACTH therapy. In the 
normal subjects steroid determinations of 17- 
hydroxycorticoids (17-OHOC) and 17-ketosteroids 
(17-KS) were made in hourly urine specimens 
and blood 17-OHC levels were followed at four- 
hourly intervals. 

From the data obtained the following con- 
- clusions may be drawn: (1) The diurnal varia- 
tion in total urinary 17-OHC parallels that in 
the blood without any appreciable lag. This 
appears to exclude a renal phenomenon as the 
explanation for the observed diurnal variation in 
adrenal cortical activity. (2) Variations in liver 
function which parallel those in adrenal 
function are presumably not responsible for the 
diurnal changes in.steroidogenesis observed, 
a conclusion suggested by the rise in the per- 
centage of conjugated 17-OHC during the night 
period. (3) A diurnal variation in the adrenal 
response to exogenous ACTH has been demon- 
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strated and shown to be due to an accelerated 
rate of steroidogenesis when the subject was 
stimulated with identical amounts of ACTH in 
the daytime and the nighttime. This suggests 
that the spontaneous diurnal variation in 
adrenal activity is not related to changes in the 
endogenous secretion of conventional ACTH. 
The diurnal variation was found to be present 
in the abnormal adrenal states studied. It 
appears to be due to a change in intrinsic 
adrenal cortical responsiveness or capacity. 


FE59? Kinetic TRACER DATA SIMULATION WITH 
THE ELECTRONIC ANALOG COMPUTER. Oliver 
J, Judd and Rex L. Huff.* Seattle V. A. Hosp. 
and Univ. Washington School of Medicine, 
Seattle, Wash. 


An electronic analog computer (REAC-C302) 
was applied to simulate the kinetics of inorganic 
iron in man. Plasma iron tracer data from nor- 
mal subjects and polycythemia vera and aplastic 
anemia patients were duplicated by the com- 
puter. The model used consisted of the inorganic 
iron’ of plasma, reticuloendothelial system, 
storage, red blood cell precurser and red blood 
cells connected by suitable rate constants repre- 
senting exchange between these compartments. 
Results indicate smaller pool sizes than expected. 
More comprehensive data are needed. For 
normal subjects rate constants and rates of red 
cell turnover as determined are appropriate. 

The application of this modern tool to 
facilitate computation in determining suitability 
of models and pool exchange rates to explain 
kinetic tracer data is useful and may have many 
uses. 


Use oF RADIOACTIVE CHROMIUM?! as THE 
ERYTHROCYTE TAGGING AGENT IN DETERMINING 
BLOOD VOLUME AND IN VIVO ERYTHROCYTE 
SURVIVAL. Merle M. Kurtz and Harold Tey. 
Div. Experimental Medicine, Univ. Oregon 
Medical School, Portland, Ore. 


Using radioactive sodium chromate, erythro- 
cyte survival time and total blood volumes were 
determined in ten normal females and eleven 
normal males. The plasma volume and erythro- 
cyte mass were calculated from venous hemato- 
crit readings. A sample of the subject’s blood was 
incubated with 100 ug. of chromium?!, and a 
washed suspension of the tagged cells was in- 
jected intravenously. Using a whole blood sam- 
ple, the circulating blood volume was calcu- 
lated by the isotope dilution principle. The 
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mean points for the volume determinations with 
the 95 per cent range are as follows: 


Males Females 
Blood Vol. (ml./kg.)....... 60  (41.8-78.2) | 56.2 (44.1-63.3) 
Plasma Vol. (mL/kg.). .....| 34.1 (23.6-44.6) | 34.3 (25.5-37.1) 


R.B.C. Mass (ml./kg.}..... 25.9 (18.1-33.7) | 21.9 (16.6-27.2) 


Red cell survival curves, when plotted on 
semi-log paper, appear to follow a straight -ine 
drop to about seventy days and then a more 
rapid curvilinear drop occurs toward zero 
activity. Mathematical analysis of such curves 
shows promise of obtaining information wkich 
will estimate the total survival time, the elution 
factor and perhaps a factor of random erytkro- 
cyte destruction. 

Blood volume determinations by this method 
have the advantage of measuring only in- 
travascular space and offer a practical method 
for repeated blood volume studies over a 
twenty-four-hour period in the absence of 
blood loss. Because of the low radiation dosage 
to the patient blood volumes can be repeated at 
intervals by repeating the procedure. 


INTRACAVITARY ADMINISTRATION OF TEM. iN 
PATIENTS WITH Errusions DuE To MALIGNANT 
PLEURAL Impxiants. J. F. Mangum, B. E. Hcll* 
and F. M. Willett. 


Effusions due to malignant pleural implants 
respond poorly to x-ray therapy and parenteral 
and oral chemotherapy. Intrapleural nitrogen 
mustard and more recently radioactive colloidal 
gold and chromic phosphate have been used to 
diminish the formation of fluid. During the past 
two years we have investigated the effects of 
the intracavitary administration of TEM in 
patients with pleural effusions due to lympho- 
sarcoma, Hodgkin's disease and mesothelioma. 
The effect of triethylene melamine on the 
normal pleura of guinea pigs was studied also. 
This report includes three cases of lympko- 
sarcoma, four cases of Hodgkin's disease aad 
one case of mesothelioma with the following 
results: one case of lymphosarcoma with com- 
plete arrest of fluid formation for twenty-four 
months; one case of mesothelioma with arrest 
of fluid formation for eight months; one case of 
lymphosarcoma with definite decrease in fluid 
formation but no prolongation of life; three 
cases of Hodgkin’s disease with some palliation 
of fluid formation but no prolongation of life, 
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and one case each of lymphosarcoma and 
Hodgkin’s disease with no alteration in fluid 
formation. 

Intrapleural TEM caused no adhesions or 
pleural thickening in normal guinea pigs. 


RACIAL AND INDIVIDUAL DIFFERENCES IN THE 
PERIPHERAL VASCULAR RESPONSE TO A COLD 
STIMULUS. John P. Meehan. Arctic Aeromedical 
Lab., Ladd Air Force Base, Alaska and Dept. 
Physiology, School Medicine, Univ. Southern 
California, Los Angeles, Calif. 


Studies conducted in Alaska on groups of 
both white and Negro military personnel as 
well as on groups of Alaskan natives indicate 
that during immersion of the hand in ice water 
the Alaskan natives maintained a greater 
circulation to the fingers than did those sub- 
jects in the other two groups. A group of indi- 
viduals who had experienced injury from the 
cold were similarly studied and they maintained 
the poorest circulation to the hand and fingers 
of all subjects studied. Skin temperatures as 
measured with thermocouples were used to 
indicate the magnitude of the cutaneous circu- 
lation during the exposure of the hand to ice 
water. Plasma volume estimations by the T-1824 
method were made in all subjects studied. In 
general, subjects maintaining the highest skin 
temperatures of the hand exposed to cold had 
the greatest plasma volume. 


A PRECIPITIN TEST FOR SERUM LIPOPROTEINS IN 
HuMAN CORONARY ATHEROSCLEROSIS. Lester 
M. Morrison,* Monica Stevens and Hyman C. 
Bergman. Los Angeles County Hosp. and College 
of Medical Evangelists, Los Angeles, Calif. 


Recent studies by Kunkel, Gitlin, Baker and 
Grant and Berger have demonstrated that a 
simple serologic precipitin test can demonstrate 
the various serum lipoprotein classes in human 
subjects as described by Gofman. This precipitin 
test is accomplished by immunizing rabbits 
with lipoprotein fractions at Svedborg flotation 
rates of Sp 10-100 and Sp 10-400. The immune 
rabbit antiserum was then employed to detect 
lipoprotein concentrations in a series of forty- 
four human subjects (a) with proven coronary 
thrombosis and myocardial infarction as ex- 
emplary of atherosclerosis of the coronary 
arteries, (b) with seventeen so-called “normal” 
controls and (c) with twenty-fcur patients with 
miscellaneous diseases not affecting the cardio- 
vascular system or disorders in lipid metabolism. 

It was found that statistically significant dif- 
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ferences in precipitin test reactions to serum 
lipoproteins were found in human coronary 
atherosclerosis and control subjects. 


CYTOLOGY OF CARCINOMA DEVELOPING IN THE 
GASTRIC ATROPHY OF PERNICIOUS ANEMIA. 
Cyrus E. Rubin and Barbara W. Massey. Univ. 
Washington School Medicine, Seattle, Wash. 


Characteristic large columnar cells are shed 
from the gastric mucosa of patients with per- 
nicious anemia. These cells are twice that of 
normal size. They are found regardless of 
whether or not the patient has been treated and 
probably reflect the severe and irreversible 
gastric atrophy of this disease. Most of these 
large cells are bland in appearance but some 
show morphologic indications of active growth 
bordering on malignancy. This is of interest 
since it is well established that gastric polyp 
and carcinoma are more frequent in this illness. 

Exfoliative cytology established the diagnosis 
of gastric carcinoma in three elderly men who 
had been treated for pernicious anemia of more 
than twenty years’ duration. Histologic con- 
firmation was obtained by various methods, 
namely, gastric suction biopsy, laparotomy and 
necropsy. The spectrum of gastric cellular 
morphology was remarkably wide and varied 
from large bland cells through large ceils of 
increasing activity to frank carcinoma. The 
morphologic evidence strongly suggested that the 
large columnar cell was the cancer progenitor. 

This small series merits no conclusions but it 
poses questions demanding further study: Where 
do the large cells come from? Do they originate 
in the islands of intestinal metaplasia which dot 
the atrophic gastric mucosa? Will this large cell 
be found in certain other gastric carcinomas? 
Preliminary attempts to answer these questions 
by light, phase and electron microscopy will be 
described. .. 


METABOLISM AND EXCRETION OF INTRAVENOUSLY 
INFUSED SORBITOL. Victor P. Seeberg and Ernest B. 
McQuarrie. Research Div., Cutter Labs., Berke- 
ley, Calif. 


We have previously observed, as have others, 
that intravenous administration of the hexa- 
hydric alcohol, sorbitol, causes a sharp rise in 
reducing substances in the blood, indicating 
rapid conversion to hexose. The present work 
was directed toward identifying the primary 
conversion product or products. The over-all 
objective is the continued exploration of the 
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possible usefulness of sorbitol as a carbohydrate 
for parenteral alimentation with amino acids. 
Having no reducing groups, it does not partici- 
pate in the Browning reaction during auto- 
claving and storage with the latter. 
Unanesthetized rabbits were infused in- 
travenously with sorbitol solution at constant 
rates and total doses approximating clinical 
rates and doses. Blood and urine were studied. 
Infused sorbitol was found to undergo consider- 


able immediate conversion to fructose. There 


was also some evidence of delayed conversion 
to glucose. Utilization varied from 80 to 93 per 
cent and was dependent upon the rate of 
administration. Excretion consisted mainly of 
unchanged sorbitol with traces of reducing 
substances. d 


CHANGES IN STANDARD LEAD I OF THE ELECTRO- 
CARDIOGRAM AFTER INGESTION OF GLUCOSE. 
Reider Wennesland, Rosemarie Lenel and Alfred A. 
Bolomey.* Cardiovascular Clinic' of Kaiser 
Foundation Hospital, Oakland, Calif. 


During a ‘‘multiphasic health check” program 
a number of abnormal lead 1 electrocardio- 
grams were observed. On followup study many 
of these had reverted to within normal limits. 
The routiné of this program involved taking the 
electrocardiogram one-half hour after ingestion 
of 100 gm. of glucose. The present study was 
undertaken to determine whether these “false 
positive" electrocardiograms might not be asso- 
ciated with glucose ingestion. A lead 1 electro- 
cardiogram was obtained from 495 men and 
499 women before and after ingestion of 100 gm. 
of glucose. The most common changes ob- 
served following ingestion of glucose were 
prolongation of the Q-T interval, lowering of 
the T wave, rounding of the junction and 
depression of the S-T' segment. | 

In tke male group the mean Q-T ratio 
changed from 0.964 to 0.993 with a standard 
error of the difference of 0.00215. In the 
female group the Q-T ratio changed from 
0.991 to 1.017 with a standard error of the 
difference of +0.002. Thus in both sexes the 
difference of the means, 0.029 and 0.026 respec- 
tively, was thirteen times the standard error of 
the differences. Lowering of the T-waves was 
found in 27.1 per cent of the male and 33.4 per 
cent of the female subjects. Other changes were 
found in 9.9 per cent of the male and 3.8 per 
cent of the female subjects. 

In twenty-eight males and thirty-one females 
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the changes led to a change of interpretation 
from normal to abnormal results. 


INSULIN ACTION ON GLUCOSAMINE. Arne N. Wick* 
and Douglas R. Drury.* Scripps Metzbolic Clinic, 
La Jolla, and Dept. Physiology, Univ. Southern 
California, Los Angeles, Calif. 


Insulin increases the transfer rate of glucose, 
galactose and mannose from the extracellular 
fluid into the cells of the extrahepatic tissues. 
Other compounds related to glucose, such as 
sorbitol, fructose, gluconic acid and 3 methyl- 
glucose, do not enter the muscle cells to any 
measurable extent even in the presence of 
insulin action. 

In a continuation of these studies we have 
recently examined glucosamine, an amine 
derivative of glucose, which is found combired 
in many body constituents. This amine responds 
like glucose to insulin administration. Upon 
entering into the process accelerated by insulin, 
glucosamine inhibits the transfer of glucose. 


EFFECTS OF ABNORMALITIES OF THS NERVCUS 
SYSTEM ON PERIPHERAL CIRCULATION. Travis 
Winsor* and Nicholas Khoury. 


The purpose of this report is to show the 
effects of organic and functional abnormalities 
of the nervous system on peripheral circulation 
and to show the diagnostic value of recognizing 
these circulatory aberrations. The studies were 
carried out on 125 normal individuals and on 
forty-five patients: with various diseases. The 
pneumoplethysmograph was employed to record 
consecutively the vasomotor reactions from one 
digit of each extremity. A recording thermo- 
couple was employed to record skin tempera- 
tures of the digits and the Lang sphygmotono- 
graph was used to record blood pressures. 
Certain reflexes studied were (1) the induced 
and spontaneous digital vasomotor reflexes 
recorded with the patient supine and (2) 
postural cutaneous vascular reflexes and sys- 
temic blood pressure reflexes recorded with the 
patient supine and standing. The induced 
vasomotor reflexes each with a different afferent 
nerve pathway included the inspiratory (vagus 
nerve), the sound-startle (acoustic nerve), the 


light (optic nerve) and the pain reflex (sensory 
nerve). The efferent pathways for these reflexes 
are from the medulla over the sympathetic 
system to the blood vessels. It was found that: 
(1) a lesion in one of the four receptor organs 
(lung, eye, ear and skin) or in its afferent path- 
way prevented the normal constriction of the 
digits of the four extremities following stimula- 
tion of the diseased organ or nerve, while 
stimulation of the three normal organs produced 
normal vasoconstriction in the digits of each 
extremity. (2) Lesions of the brain (medulla) 
resulted in an absence of vasoconstriction in 
the digits of all extremities when the four 
receptor organs were stimulated consecutively. 
This was seen with syringomyelia, and after 
reserpine and the D-H alkaloids of ergot. (3) 
Lesions of the upper thoracic and lumbar 
sympathetic ganglia (for example, quadri- 
lateral sympathectomy) or drugs acting on the 
sympathetic ganglia (for example, tetraethyl- 
ammonium chloride) resulted in absence of the 
reflexes in all digits when any one receptor 
organ was stimulated. (4) Localized lesions of 
the sympathetic nervous system in the region 
of the cervical or lumbar sympathetic ganglia 
produced localized inhibition of digital reflexes 
of the arm or leg, respectively, when any 
receptor organ was stimulated. This occurred 
in patients with severe diabetic neuritis and 
resulted in localized absence of reflexes in a 
digit after stimulation of any receptor organ. 
A posterior tibial nerve block with novocain 
produced similar results. In addition to the 
reflex changes previously described disease of 
the brain or peripheral sympathetic system 
resulted in disappearance of the spontaneous 
vasomotor activity which was often coincident 
with an increase in amplitude of the pulse 
waves. With disease of the brain a rise in systolic 
and diastolic blood pressure was not common 
after blowing against a 20 mm. column of 
mercury for 20 seconds. With localized lesions 
in the sympathetic system the normal fall in 
skin temperature of the digits (due to vaso- 
constriction) failed to occur when the patient 
stood. 
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Agammaglobulinemia in the Adult 


MARVIN ROsECAN, M.D.,T FRANK E. TRoBAUGH, JR., M.D. and WILLIAM H. DANFORTH, M.D. 


St. Louiz, Missouri 


GAMMAGLOBULINEMIA iS a unique syn- 

A drome characterized by a specific 

defect of a plasma protein component 

defined by the electrophysical pattern of the 

serum proteins. In recent years this defect has 

been discovered in several children who were 
subject to recurrent multiple infections. 

One of the first pediatric cases of agamma- 
globulinemia reported was by Bruton in 1€552.! 
The patient was an eight year old boy wko in 
four years had had at least nineteen episodzs of 
clinical sepsis in which some type of pneumo- 
coccus was recovered from his blood on ten 
occasions. He also had had epidemic parotitis 
three times. Subsequently Keidan et al.? diag- 
nosed agammaglobulinemia in a fatal case of 
generalized vaccina in a seven week old girl. 
Recently, Janeway, Apt and Gitlin? have col- 
lected data on eight male children with azam- 
maglobulinemia, all of whom were subject tc 
recurrent multiple infections. These chi drer 
were unable to produce circulating antibodies 
The absence of serum isohemoagglutinins ir 
patients of blood groups O, A or B served as z 


simple screening test for this condition. The | 


monthly injection of 0.1 gm. per kg. of gamme 
globulin from the serum of a normal person 
gave these patients considerable protection 
against recurrent infections. 

Other examples of “idiopathic” defects in 
the serum proteins, with the principal manifes- 
tation of edema due to a lowered serum albu- 
min level, have been reported.*7!5 Lowered 
serum globulins were found in some of these. 
In the few cases studied by electrophoresis the 
gamma globulin has been within normal limits 
or considerably diminished*~’ but never absen-, 
and repeated infections were not appareat. Ia 


one well studied case’ increased destruction 
rather than diminished production of serum 
proteins was noted. A decrease in gamma 
globulin has also been reported in patients 
with nephrosis!$ or malnutrition!" with edema. 

For three years we have bad in our care a 
fifty-two year old white man with agamma- 
globulinemia who has experienced repeated 
infections of the respiratory tract and several 
episodes of severe diarrhea. Recently we diag- 
nosed agammaglobulinemia in a forty year old 
white man who had had no difficulty with 
respiratory infections but had had repeated 
intestinal difficulties. 

The authors know of eleven additional cases 
of agammaglobulinemia in the adult, of which 
four are women. Allen!® has treated a middle- 
aged woman with agammaglobulinemia for 
eight years with several hundred plasma trans- 
fusions. During this time the patient underwent 
successful pregnancies. Sturgis)?? recently has 
observed a thirty-six year old man with this 
serum defect who suffered from repeated infec- 
tions. Zinneman?? has under observation three 
adults who have no detectable gamma globulin. 
One of these is a woman with granulomatous 
disease; an enlarged spleen has been removed. 
Young and Wolfson? have described four 
adult men with agammaglobulinemia and 
extreme susceptibility to infection, three of 
whom had no lymph node germ centers. Arends 
et al.? found no gamma globulin in a fifty- 
three year old woman who had a mild form of 
malignant lymphoma with repeated infections 
of the skin and respiratory tract. The bone mar- 
row contained foci of abnormal lymphocytes; 
no plasma cells were present. Sanford et al.? 
have recently described a thirty year old house- 


* From the Department of Internal Medicine, Waskington University School of Medicine, and Barnes Hospital, 
St. Louis, Missouri. 
+ On assignment from the National Institute of Arthrits and Metabolic Diseases, National Institute of Health, United 
States Public Health Service, Department of Health, Education and Welfare. 
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wife with this abnormality which was mani- 
fested by repeated infections and a sprue-like 
syndrome. 


CASE REPORTS 


Case r Patient J. N., a fifty-two year old 
executive, had been observed since March, 
1951. Past history included a period of derma- 
titis on the back of his hands in 1927, followed 
shortly thereafter by a series of furuncles occur- 
ring periodically for five months. In 1951 he 
had bronchial asthma resulting from sensitivity 
to aspirin. In 1945 cholecystectomy was per- 
formed after an attack of acute cholecystitis. À 
short time later the common duct was explored 
because of recurrence of jaundice but no stone 
was found. 

The first of the present infections began in 
January, 1950, with an eye infection for which 
he received three injections of penicillin. This 
was followed by eruptions on his face, hands, 
scrotum and legs, lasting two weeks. A different 
type of eruption then occurred consisting of 
small, pink, raised nodules, 44 to 2 cm. in 
diameter. The centers of many of these became 
necrotic, sloughed off, and ultimately healed, 
leaving small pigmented scars. Small numbers 
of these lesions continued to occur over the 
face, trunk and extremities. A course of staphy- 
lococcus toxoid and vaccine for two months 
proved ineffectual in controlling these lesions, 
but with penicillin therapy they healed com- 
pletely. After administration of prophylactic 
penicillin, given twice weekly since July, 1950, 
there were only a few brief recurrences. In 
January, 1951, he had a severe attack of herpes 
zoster on the right lower flank which became 
gangrenous but healed with scarring. For three 
months prior to March, 1951, he had a cough 
producing small amounts of mucoid to muco- 
purulent sputum. He had lost 15 pounds. 

When first seen in March, 1951, his tempera- 
ture was 98.4°r., pulse 80, blood pressure 
130/80. Other than a widespread rash as 


previously described, the only positive physical 


findings consisted of an atrophic nasal mucosa, 
a few rales at the posterior base of the left 
portion of the lung and a firm enlarged spleen 
descending three cm. below the left costal 
margin. A hemogram showed a red blood count 
of 5.36 million per mm.?, hemoglobin 15.0 gm. 
per cent, a white blood count of 7,950 per mm.* 
with a differential of 6 eosinophiles, 9 stab 
forms, 39 segmented forms, 42 lymphocytes and 
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4 monocytes. The reticulocytes were 2.2 per cent 
and the platelet count was 308,000 per mm’. 
Urinalysis, Kahn test, fasting blood sugar test, 
electrocardiogram, cephalin cbolesterol floccu- 
lation test and thymol turbidity test all gave 
normal results. Three of four stools showed 


TABLE I 
ELECTROPHORETIC STUDIES ON SERUM 











Total Globulins 

















Pro- i Albu- ( 76) A/G 
Date tein | min Ratio 
(gm. | (75) 
Alpha-1 | Alpha-2 Beta | Gamma 
4/4/51® Q 1.23 
4/4/52 0 1.23 











11/12/52 1 525 


* Made by Dr. John Taylor; the other determinations were done by 
Dr. S. Howard Armstrong, Jr. 


occult blood. À complete examination of the 
gastrointestinal tract revealed it to be normal 
except for postoperative changes in the biliary 
tract and displacement of intestinal loops by 
the enlarged spleen. Chest roentgenogram 
showed honeycombing and diffuse interstitial 
infiltration of the left upper, left lower and 
right middle lobes, suggestive of bronchiectasis; 
fibrocalcific tuberculosis of the left upper lobe, 
and slight ventricular enlargement on the left 
side. Serum proteins contained 5.7 gm. per cent 
albumin and 0.2 gm. per cent globulin revealed 
by the methanal precipitation technic?* and 
4.8 gm. per cent albumin and 0.9 gm. per cent 
globulin by the salt precipitation technic. 
Electrophoretic analysis (Table 1) revealed no 
gamma globulin. A test for cryoglobulins gave 
negative results. Bone marrow biopsy (Table rr) 
showed normal cell marrow with slight ery- 
throid hyperplasia. À quantitative plasma cell 
count showed only one plasma cell per 5,000 nu- 
cleated cells.?5 The tuberculin skin test gave 
negative results. 

The nodular rash recurred in July, 1951. 
Skin biopsy at that time showed slight acantho- 
sis of the epidermis. The dermis was edematous, 
and in the papillary portions tke blood vessels 
and lymph spaces were dilated. A moderate 
amount of perivascular infiltration of lympho- 
cytes and histiocytes, with some polymorpho- 
nuclear leukocytes were noted. No definite 
diagnosis could be made. 

In May, 1951, the patient had a series of 
acute infections of the lung and respiratory 
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tract (Table ur). Between attacks a chronic, 
productive cough persisted. It is to be noted 
that, in spite of severe infections with high fever 
and at times lobar consolidation, the white blood 
count did not rise but usually a marked shift to 
the left in the differential count was noted. The 


TABLE n 
BONE MARROW DIFFERENTIALS 

















ps 
Patient J. N. por 
Cell Type 
March | October | April 
1951 1953 1947 
Megakaryocytes.......... 1.0 1.5 1.0 
Segmented forms. ........ 17.5 21 17 
Stub MW ssid dean 24 29.5 25.5 
Metamyelocytes.......... 10 13.5 11 
Mydocyte Et sortiras 28.5 24.5 29.9 
Promyeloeyte. vocc 0.5 0 0 
Basophilic leukocyte. ..... 0.5 0 0 
Eosinophilic leukocyte. .... 5 0 4 
Clasmatic phagocyte...... 0.5 0 0 
Lymphocyte. 2:2 oro 9 13 10 
Phisma cella... esos 0.5 0 0 
Reticulum cells. ... 0.5 3 2 
Total 95. dos a sz nn 100.0 | 100.0 100.0 
Nucleated RBC/100 WBC 
Normoblasts. . 260.6. 54.5 81.5 42 
Late erythrocytes....... 1:5 4 8 
Early erythrocytes...... 1.0| 4 3 








infections always responded promptly to chemo- 
therapy and usually to penicillin alone. Physical 
examination revealed essentially no changes. 
Blood counts are recorded in Table 111. 

On December 9, 1951, twenty-one days after 
completing a course of two grams of oxytetra- 
cycline a day for six days, the patient had a 
sudden onset of sharp abdominal pains, fever 
and diarrhea with seven to ten loose watery 
stools daily without mucus or blood. No re- 
sponse resulted from administration of the 
usual antidiarrheal medications, and he was 
hospitalized on December 25, 1951. Physical 
examination revealed no changes except for 
evident dehydration. Sigmoidoscopy showed a 
pink, friable mucosa that bled upon slight 
trauma. One large ulcer was present in the anal 
canal. Stools contained no parasites or bacterial 
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pathogens. Roentgenograms of the gastrointes- 
tinal tract revealed a hiatus hernia, numerous 
narrowed segments of small intestine with 
distorted mucosal pattern, and a transient 
jejunal intussusception. (Fig. 1A.) A barium 
enema gave normal results. A tentative diagno- 
sis of acute diffuse, regional enteritis was made. 
While on prophylactic chemotherapy, the 
patient was treated for one week with ACTH, 
100 mg. administered intramuscularly daily.* 
The diarrhea continued but the spleen de- 
creased in size. Because of progressive malnutri- 
tion and debility, he was given high protein, 
high fat tube feeding which increased the diar- 
rhea until there were ten to twenty bulky 
stools daily. He developed a hypokaliemic, 
hypochloremic alkalosis. On a regimen of 
parenteral feedings exclusively, the diarrhea 
subsided and the electrolyte disturbances were 
corrected with retention of large amounts of 
potassium. 

During the next few weeks he was placed on 
a low residue diet, treated with banthine? and 
Bı injections, and in February the diarrhea 
gradually decreased to two or three movements 
daily. Studies of intestinal absorption showed 
a flat oral glucose tolerance curve (fasting 
60 mg. per cent, one hour 102 mg. per cent; 
two hours 104 mg. per cent; three hours 
116 mg. per cent). Fasting plasma carotene 
level was 34 gamma per cent (normal range 
70 to 200 gamma per cent). Vitamin A toler- 
ance showed a rise from 65 gamma per cent 
fasting to only 90 gamma per cent in four hours 
after oral administration of 300,000 units of 
vitamin A palmitate in oil.” Blood prothrombin 
time, calcium and amylase levels were within 
normal limits. The patients hemoglobin had 
fallen to 10 gm. per cent, and studies showed 
the anemia to be normochromic. Stool analysis 
(Table 1v) showed upper normal or slightly 
increased fat excretion, but greatly increased 
nitrogen excretion.” Repeat roentgenographic 
studies of the small intestine on January 30, 
1952, gave normal results. (Fig. 1B.) 

Further studies (by electrophoresis (Table 1) 
and by an immunologic technic) of the serum 
proteins still showed no gamma globulin. The 
patient's blood type was group O, Rh positive, 
but he had no A or B isoagglutinins in his blood. 
After intravenous injections of AB Witebsky 
substance,? no A or B isoagglutinins were 
detected. Indirect Coombs tests on the patient's 
serum during this period gave negative results, 
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1A 


1B 


Fic. 1. A, a roentgenogram of the small intestine taken on December 29, 1951, showed distorted mucosal patterns and 
irregular spacing of loops in the distal jejunum and ileum three quarters of an hour after barium ingestion. Later, 
films showed string signs in the jejunum. There is an intussusception near the distal jejunum which proved to be tran- 
sient. Barium is seen within the common bile duct due to postoperative abnormalities. A hiatus hernia, a duodenal 
diverticulum and displacement of intestine due to the enlarged spleen were also present. B, a small intestinal film was 
taken at one and one-half hours on January 30, 1952. No abnormality of the jejunum or ileum could be demonstrated. 


The bladder is distended. 


making unlikely the presence of incomplete 
antibodies. The patient’s total serum comple- 
ment was 77 to 50 per cent hemolytic units 
(simultaneous normal value was 57 to 50 per 
cent hemolytic units). Determination of plasma 
and urinary amino acids by paper chroma- 
tography revealed a normal spectrum but 
there were unique spots in the urine and stool 
which migrated in the same manner as ethanol- 
amine conjugated with phosphoric acid. 

Mild diarrhea of two to three semisolid stools 
a day persisted only a short time after the 
patient left the hospital in March, 1952. During 
the spring of 1952 and during the following 
winter he had had numerous episodes of pneu- 
monia treated with antibiotics and divided 
doses of gamma globulin. (Table m.) One at- 
tack of pneumonia in November 1952 was 
complicated by a sterile pleural effusion which 


contained 7,600 red blood cells/mm.?, 1,250 
white blood cells/mm.?, 70 per cent polymor- 
phonuclears and a protein content of 3.1 gm. 
per cent, 

In February, 1953, the patient again had a 
sudden onset of six to ten loose, watery stools a 
day with cramping, and the pustular skin rash 
on the face recurred. He lost 12 pounds. The 
usual antidiarrheal agents again were of no 
help. He was given penicillin, gamma globulin 
injections, banthine and cortisone, the latter in 
dosages starting with 200 mg. per day and 
gradually decreasing to 100 mg. per day. 
Within a week the skin rash cleared, the diar- 
rhea subsided to two semiliquid stools daily 
and the patient began to regain weight. 

During the next eight months he had several 
episodes of skin rash, sinus and pulmonary 
infections, as recorded in Table nr for which 
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TABLE Il 
SUMMARY OF CLINICAL COURSE (PATIENT J. N.) 






































| White Blood Count 
Year | Month Infection Tem P N. Treatment 
Total | Eo. | Juv. | Stab. | Seg. | Lym. 
1950 1 Eye infection |. | e Penicillin 
3 J|Skntrah jo | 5] saaes Staphylococcus 
vaccine 
6 Cellulitis, hand | ..... | ..... Penicillin 
B. lourdkxeypex] e EU sans] vase mou Prophylactic penicillin 
1951 1 BADEN ë luas] -- T] — V4 s] x Pee e» Fash AdeaddsRkRARfe ER eed 
2 Right flank .— | ..... 7,200 3 66 30 Dt Devs om wees E ET 
Se ee eee ees Lee ee 7,950 6 9 39 LOB E Gresinin i 
5 Pneumonia L.L.L. 101.6 | 7,750 Penicillin, chloro- 
tetracycline 
7 Skin rash 98.2 5,450 5 3 41 51 Penicillin 
9 Upper respiratory 97.6 | 9,000 4 57 38 1 | Penicillin, chlor- 
infection tetracycline 
10 | Acute bronchitis and | 102.5 | 5,700 Oxytetracycline, 1 
sinusitis week, antral washing 
11 Acute sinusitis 102 6,750 16 47 36 1 | Penicillin and oxy- 
tetracycline, 1 week 
12 R.U.L. pneumonia 103 7,800 54 14 19 | 14} Penicillin 
1952 1 Diarrhea and rash, 101 . | Banthine, ACTH, etc., 
R.L.L. pneumonia penicillin 
2 L.L.L. pneumonia 102 Penicillin 
2 R.L.L. pneumonia 101 4,950 6 14 43 30 7 | Penicillin, chlor- 
tetracycline 
5 L.L.L. pneumonia 101 6,800 2 25 33 32 8 | April 16-May 7, 3.2 
gm. gamma globulin 
1 M., penicillin, 
chlortetracycline 
E OS EEEIEE OOST xxx 8,100 6 3 17 26 40 8 | Feeling well 
Po DnobeeaesQd3ue»zv.styxxed vame4 4,200 16 42 40 rA CT PPM c 
11 L.L.L. pneumonia 103 9,200 2 51 25 21 1 | Penicillin, Nov. 12- 
Jan. 13, 1953, 5.42 
gm. gamma globulin, 
12 L.L.L. pneumonia w. | 101+ | 4,950 penicillin + 
and sterile pleural thoracentesis 
1/53 effusion et nev es 5,300 3 15 41 36 5 
1953 2 Diarrhea and skin | ..... 5,800 1 23 45 29 2 | Penicillin, cortisone, 
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banthine, etc., Feb. 
10-15, 3.8 gm. 
gamma globulin 
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TABLE 11 (Continued) 













































































‘ White Blood Count 
Year | Month Infection Fem P. — N. Treatment 
Total | Eo. | Juv. | Stab. | Seg. | Lym. 
— —— — = 
1953 3 Acute bronchitis and | 101 4,100 1 19 35 399 | 3| Penicillin, sulfadiazine, 
sinusitis; Fried- 2.5 gm. gamma 
lander’s bacillus in globulin, March 4-19 
sputum; ankle 
edema; local swell- 
ing of dorsum of 
hands 
4 Contact dermatitis | ..... 4,300 Local therapy 
of hands and back; 
pustular rash of | 
back 
5 Acute sinusitis 100 4,100 Penicillin, triple sulfa 
7 RELL LLL 101.8 | 3,900 2 6 8 80 | 4| Penicillin, strepto- 
pneumonia; alkali- mycin, July 25-Aug. 
genes fecalis, Staph. 10, 8.7 gm. gamma 
aureus and hemo- globulin 
philus 
8 Type A Friedlander’s | 100.6 | 3,900 1 1 24 15 53 3 | Triple sulfa, oxytetra- 
bacillus cycline 
10 R.L.L. pneumonia, | 10: 6,950 1 23 39 31 4 | Penicillin 1.5 gm., 
alpha + beta strep, gamma globulin, 
Neisseria go | Jaaa 5,150 2 1 7 47 37 6| triple sulfa, tetra- 
cycline 
11 Spleen, larger and | ..... 5,000 2 22 23 50 | 2|Splenic puncture, 
tender 
12 bh. — — — | | | dd xke» 1,550 2 1 10 16 70 1 | X-ray to spleen, 450 
roentgens 
1954 1 Slight cough; post- | ..... 4.100 6 1 24 31 35 3| From Nov. 30-Dec. 8, 
nasal drip; spleen 3.9 gm. gamma 
smaller globulin 
6 Well; spleen larger | ..... 4,000 5 19 39 34 3 | .96 gm. gamma globu- 





he received antibiotics and gamma globulin 
injections. During the infections of July, 1953, a 
transient, profound granulocytopenia was ob- 
served. In March, 1953, a non-tender tenosyno- 
vitis appeared on the dorsum of both wrists 
which subsided in several months. 

In April, 1953, he received 500 microcuries of 
S-35 labeled yeast, and the albumin and 
globulin turnover time was determined by 
Dr. S. H. Armstrong, Jr.*° The results of the 
test were as follows: albumin turnover time, 
thirty-five days; mixture of alpha, alphas, 
beta globulin turnover time, eight days; gamma 


lin per week, Jan.— 
June 


globulin turnover time, no radioactivity recov- 
ered in the gamma portion on paper. These 
turnover times are either in the upper normal 
range or are slightly elevated.?! 

In October, 1953, the patient’s spleen was 
tender and became larger. It extended 11 cm. 
below the left costal margin, and the liver edge 
was felt 3 cm. below the right costal margin. 
At that time the red blood count was 5.17 mil- 
lion/mm.* hemoglobin, 12.7 gm. and platelets, 
435,000/mm.* The white blood count, the 
differential count and results of bone marrow 
examination are recorded in Tables n and rri. 
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Blood non-protein nitrogen, fasting sugar, and 
liver function tests gave normal results. 

He was admitted to the hospital. A splenic 
puncture was performed. Microscopic sections 
revealed atrophy of malpighian follicles, hemo- 
siderosis, rare megakaryocytes and myelocytes, 


‘TABLE IV 
STOOL FAT AND NITROGEN EXCRETION 























Fat Nitrogen 
a Intake | Output | Excre- | Intake | Output 
(gm./ | (gm./ tion (gm./ | (gm./ 
day) day) (%) day) day) 
2-2-52 to 
2-6-52 90 10.5 11.5 10.6 3.1 
2-16-52 to 
2-20-52 120 8.7 7.4 
Upper 
normal 
values?! 102 6.7 6.8 18.8 





with questionable stem cells in the pulp and a 
questionable increase in reticulum cells. Be- 
cause of the size of the spleen and the possible 
role of secondary hypersplenism in the hemato- 
logic picture, it was decided to irradiate the 
spleen. After 450 roentgens in eleven days, the 
procedure was terminated because of a granulo- 
cytopenia which proved to be self-limited. ‘The 
spleen shrank to 7 cm. below the left costal 
margin. From December to June, 1954, he 
received 960 mg. of gamma globulin intra- 
muscularly weekly without recurrence of active 
infection. However, a postnasal drip and a 
slight productive cough persisted for several 
months. The spleen has gradually increased to 
its former size. 

Case m. Patient D. S., a forty year old oil 
field superintendent, was first seen in 1947 
when he was thirty-three years old. He had an 
eight-week history of severe and frequent 
vomiting following ingestion of food. For about 
a year and a half he had frequent bloating, 
heartburn and heaviness in his epigastrium, 
with occasional vomiting and intolerance to 
fatty foods. There had been one period of 
bright red blood in the vomitus. He had lost 
30 pounds. 

Physical examination revealed the tempera- 
ture and pulse to be within normal limits. The 
blood pressure was 92/52. He was poorly 
nourished. The only positive physical observa- 
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tion was abdominal tenderness just above the 
umbilicus. None of the organs was palpable, 
and muscle guard was absent. 

Laboratory data revealed a hemoglobin of 
13.0 gm. per cent. The white blood count was 
5,300 /mm.?; the differential blood count showed 
60 segmented forms, 34 lymphocytes, 4 mono- 
cytes and 2 eosinophils. The reticulocyte count 
was 3.7 per cent and the platelet count was 
119,002/mm.? Serum non-protein nitrogen was 
13 gm. per cent, fasting blood sugar 74 mg. per 
cent, amylase 95 units per cent, albumin 5 gm. 
per cent and globulin 1.2 gm. per cent. Exam- 
ination of the gastrointestinal tract showed 
narrowing in the second portion of the duo- 
denum approximately 8 cm. from the duodenal 
bulb, at which point the duodenum was only 
Lg cm. in diameter. It was believed this was 
either a narrowing due to adhesions or to an 
annular pancreas. 

At surgery an annular pancreas was found. 
A number of enlarged lymph nodes were pres- 
ent at the base of the mesentery. Microscopic 
sections of the lymph nodes showed non- 
specific chronic inflammation. The patent, 
feeling well, was discharged. He was read- 
mitted ten days later because of three days of 
loose watery stools and one day of upper ab- 
dominal colic and vomiting. Bone marrow 
examination (Table m) revealed one plasma 
cell per 5,000 nucleated cells. 

On admission his temperature was 37.2°c.; 
blood pressure was 112/60. Slight left axillary 
lymph node enlargement was noted. One 
observer thought the liver was enlarged. Lab- 
oratory study revealed the urine to be within 
normal limits except for an occasional red cell 
and white cell. His hemoglobin was 10.6 gm. 
per cent. The white blood count was 4,000 /mm.? 
and the differential count revealed 62 seg- 
mented forms, 1 stab form, 32 lymphocytes, 
3 eosinophils and 1 basophil. Serum non-pro- 
tein nitrogen was 13 mg. per cent, icterus index 
5 and amylase 66 units per cent. Cephalin 
flocculation test gave negative results; thymol 
turbidity test revealed 1.2 units, and a brom- 
sulfalein test revealed no retention in 45 min- 
utes. Prothrombin time was 47 per cent; clotting 
time was six minutes; red cell fragility showed 
beginning hemolysis in 0.43 per cent saline 
solution and was complete in 0.52 per cent 
saline solution. Two determinations of serum 
proteins showed albumin to be 2.8 and 5.5 gm. 
per cent, and globulin to be 1.2 and 1.5 gm. 
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per cent. Two stools gave negative results to 
the guaiac test, and one stool was described as 
showing some increase in fat. Studies of the 
upper gastrointestinal tract revealed a filling 
defect resulting from external pressure on the 
antrum and the distal part of the greater curva- 
ture of the stomach. The duodenal loop was 
described as being partially widened but there 
was no obstruction in the duodenum. The 
proximal small intestinal loops were atypical 
and slightly dilated, and there was some ques- 
tion as to partial small bowel obstruction. A 
barium enema gave normal results. During 
this hospital stay biopsy revealed chronic in- 
flammation of a cervical lymph node. A later 
review of this and the previous abdominal 
lymph nodes revealed absence of the germinal 
follicles. 

The patient gradually gained weight. Blood 
tests showed consistently normal hemoglobin, 
white counts were between 4,000 and 6,000, 
differential counts gave normal results and the 
urine was normal. Sedimentation rate was 
4 mm. an hour. Splenomegaly was first de- 
tected in December, 1947. 

The patient was admitted for the third time 
on March 11, 1954, because of three days of 
diffuse abdominal pain with severe waves of 
colic every five or ten minutes. He felt better 
in a sitting than in a lying position; some con- 
comitant abdominal swelling was present. His 
bowels moved normally. On the day before 
admission he vomited a great deal. His tempera- 
ture was 37°c., his pulse 80 and his blood pres- 
sure 120/70. His abdomen was distended and 
tender throughout the right half. It was thought 
the patient had upper bowel obstruction and 
this was confirmed by a flat film of the abdomen. 

Laboratory analysis revealed a hemoglobin 
of 14.6 gm. per cent; the white blood count was 
6,600 with 69 segmented forms, 8 stab forms, 
21 lymphocytes and 2 monocytes. The urine 
was within normal limits. A trace of albumin 
and 2 to 4 white cells per high power field were 
present. Serum non-protein nitrogen was 30 mg. 
per cent. Fasting blood sugar was 135 mg. per 
cent. Electrolytes at the time of admission 
showed sodium to be 143.7; potassium, 316; 
chloride, 95; and CO;, 31.3 mEq. per liter. 
Blood albumin was 5.8 gm. per cent; globulin, 
0.6 per cent. 

The bowel was decompressed by a Homer- 
Smather tube connected to Wangensteen suction. 
The decompression was prompt and, except for 


a temperature spike to 40°c. on the third day, 
the recovery was uneventful. Further laboratory 
tests showed serum non-protein nitrogen of 
21 mg. per cent on March 15, and the white 
blood count was 11,200/mm.* with 79 seg- 
mented forms, 7 stab forms and 14 lymphocytes. 
The electrocardiogram, which had been pre- 
viously within normal limits, now showed a 
right bundle branch block. A chest roentgeno- 
gram revealed no abnormalities. Examination 
of the upper gastrointestinal tract revealed the 
first part of the duodenum to be displaced 
upward and the third part to be displaced a 
little to the right. The small bowel examination 
revealed an extrinsic mass 6 cm. in diameter 
in the right periumbilical region and some 
displacement of the stomach consistent with 
splenic enlargement. A barium enema revealed 
no abnormalities. 

Repeat blood protein studies showed an 
albumin of 5.0 gm. per cent and a globulin of 
1.0 gm. per cent. Paper electrophoresis of the 
serum revealed no gamma globulin. The pa- 
tient’s blood was type A, Rh negative, and there 
were no alpha or beta isoagglutinins demon- 
strated. Sedimentation rate was 1 mm. per hour. 
The heterophile test and agglutination tests 
against brucella, typhoid O and H, paratyphoid 
A and B, and tularemia all gave negative 
results. 

The patient was discharged in satisfactory 
condition. Six months later he was found to 
have remained well and to have been working 
regularly. 


COMMENTS 


Some of the juvenile cases of agammaglobu- 
linemia previously reviewed may represent a 
congenital defect in the formation of gamma 
globulin, possibly sex-linked in some cases, 
because of the predominant occurrence in 
males. Patient J. N., Case 1, no doubt acquired 
this disease in recent years, particularly since 
he suffered from asthma twenty years pre- 
viously due to hypersensitivity to aspirin. 

Speculation as to the pathogenesis of this 
disease introduces controversies over the cellular 
source of antibodies and gamma globulin. The 
evidence has recently been reviewed,??7?* and 
points toward plasma cells or lymphocytes as 
the principal sites of antibody formation. The 
problem is complicated by varying opinions on 
the development and morphology of cells. Per- 
haps more than one cell type is concerned. 
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Using quantitative bone marrow counts of 
plasma cells, Good and Campbell?’ have been 
able to correlate plasmacytosis with the eleva- 
tion of serum gamma globulin in patients with 
rheumatic fever. The low bone marrow plasma 
cell count found in these patients further sug- 
gests these cells as a source of gamma globulin. 

The half-hfe of human gamma globulin has 
been established as twelve to fourteen days,?? 
with a somewhat longer survival in children. 
The long half-life of passively transferred 
gamma globulin in these patients'? suggests 
that the primary defect is deficient synthesis 
rather than excessive destruction. of gamma 
globulin. Paper chromatography of amino 
acids was carried out in an attempt to discover 
some specific defect in the metabolism of amino 
acids but the amino acid spectrum was normal. 
However, the observation of abnormal amounts 
of conjugated ethanolamine in the plasma and 
urine of J. N. (Case 1) suggests further investiga- 
tion of the role of this substance in gamma 
globulin formation. Conjugated ethanolamine 
has also been found in the urine of premature 
infants who are known to be deficient in anti- 
body formation.?5 

Cohn et al.? have determined that most 
immune antibodies and isohemagglutinins re- 
side in the gamma globulin fraction of plasma, 
while the major portion of C! and C? com- 
ponents of complement are contained in the 
alpha and beta fractions of plasma, respectively. 
The patients here described have no isohemag- 
glutinins and were unable to produce any, 
whereas the serum complement was within 
normal limits. The presence of a normal serum 
complement titer in J. N. emphasizes the 
secondary role that complement plays in 
resistance to bacterial infection. It is ineffective 
as a bactericidal agent in the absence of specific 
antibodies. ** 

The etiology of the splenomegaly and the 
reason for the failure of J. N. to respond to 
infections with leukocytosis are obscure. At one 
time marked granulocytopenia was present. 
The condition of at least one pediatric patient 
with agammaglobulinemia has been compli- 
cated by granulocytopenia during infections; 
this patient was regarded for years as having 
recurrent splenic neutropenia before the 2gam- 
maglobulinemia was discovered.? Menkin^? 
has isolated a leukocytosis-promoting ‘factor 
from inflammatory exudate and identified 
this as a pseudoglobulin distributed between 
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the alpha-1 and alpha-2 globulins of exudate.*? 
It is possible that some component of gamma 
globulin is necessary for the elaboration of this 
leukocytosis-promoting factor. 

Although the recurrent respiratory infections 
and the skin rash, apparently infectious in 
origin, can be attributed to the agammaglobu- 
linemia, it is more difficult to account for J. N.'s 
diarrhea. The flat glucose tolerance and vita- 
min A tolerance, the low-fasting carotene level, 
the slightly elevated stool fat on one occasion 
and the intensification of the diarrhea by high 
fat feedings all serve to classify this as a steator- 
rheal syndrome. The large nitrogen stool is 
compatible with this disease, according to 
recent studies.*? Tumor was suggested by the 
transient intussusception, but the patients 
subsequent improvement noted on roentgeno- 
grams and his clinical remission speak against 
this diagnosis. It is also possible that oxytetra- 
cycline was responsible, even with the delayed 
onset. Four patients with prolonged steatorrhea 
following the use of antibiotics have been 
reported, ^ and in one of these the onset began 
a week after discontinuing administration of 
the drug. However, our patient subsequently 
tolerated oxytetracycline without difficulty. A 
plausible diagnosis is an unusual form of diffuse 
jejunoileitis, with the course influenced by 
altered response to infection. This could 
account for various deficiencies in intestinal 
absorption. * 

Patient D. S. was unique among all patients 
with agammaglobulinemia reported in adults 
and children in that he was relatively free of 
repeated infections. However, inflammatory 
lymph node enlargement probably contributed 
to the first and was in large part responsible for 
the second episode of intestinal obstruction, 
which responded to conservative management. 


SUMMARY 


Two case studies of adult white men with 
agammaglobulinemia and splenomegaly are 
reported. One has been subject to repeated 
bacterial infections of the skin and respiratory 
tract and has had several attacks of severe diar- 
rhea. The other patient has had recurrent small 
bowel obstruction probably due to inflamma- 
tory lymph node enlargement, but has other- 
wise been virtually free of infection. 

The occurrence of this syndrome in adults is 
discussed. 
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Bronchiolitis Obliterans 


Capt. ARTHUR J. McApams, JR., M.C. 
Army Chemical Center, Maryland 


N infrequently described lesion, bron- 
chiolitis obliterans, would appear to be 
a rare entity. The distinctiveness of the 
lesion makes it unlikely that it would not be 
recognized. It is pertinent that LaDue,! making 
a specific search, found only one case in 42,038 
consecutive autopsies covering a forty-two-year 
period. And yet Winternitz? consistently found 
cases among dogs exposed to chlorine, phosgene, 
chloropicrin and other war gases. It would be 
anticipated that cases in human beings would 
have been found in large numbers after the gas- 
sing attacks in World War 1. This does not seem 
to have been borne out. Muntsch? mentions 
bronchiolitis obliterans among the residual 
pulmonary effects of World War 1 gas poisoning 
but gives no indication of its frequency. It 
seems to have been a relatively frequent com- 
plication of the influenza pandemic.*? 

since the original description of the lesion by 
Lange® in 1901—all references prior to 1949 
may be found in reviews by LaDue,! Blumgart 
and MacMahon,’ and Amoroso and McNally^— 
the scattered reports seem to justify three distinct 
etiologic forms of the disease: (1) following 
inhalation of irritant substances, (2) as a com- 
plication of pulmonary infection, (3) unknown 
etiology. 

Fumes of oxides of nitrogen are the more 
common??? of the irritant substances cited in the 
literature as causes of bronchiolitis obliterans. 
They may arise from burning nitrocellulose film, 
explosives, breakage of carboys of nitric acid or 
other containers, and from other sources.!? 
The composition of the fumes will vary but some 
generalizations can be made.*!" Nitric oxide, 
itself. non-irritating, undergoes comparatively 
rapid oxidation to nitrogen dioxide. From the 
toxicologic standpoint, nitrogen dioxide is the 
most important of the oxides of nitrogen.!! 
It readily polymerizes to nitrogen tetroxide, 
existing as a mixture of approximately 30 per 
cent NO, and 70 per cent N;O, at body tem- 


perature. Each is readily soluble in water and 
forms nitric acid which causes the lesion. Hydro- 
chloric acid has been reported as a cause and 
sulfuric as well as unspecified acid fumes have 
been cited in a few cases. Edens reported on two 
patients with a typical clinical picture of bron- 
chiolitis obliterans following exposure to acid 
fumes and strong ammonia, respectively, each 
of whom recovered.!? One case was reported 
as due to a cellulose-containing furniture stain 
but the description leaves one uncertain that 
bronchiolitis obliterans is truly represented.!? 
Reference to chemical warfare agents has al- 
ready been made. In general, these agents have 
been chlorinated compounds. 

Pulmonary infection has been responsible for 
some of the reported cases. Blumgart’ reported a 
case in a boy with scarlet fever followed by 
pertussis, and reference is made to another un- 
published case in a boy following pertussis. T 
The lesion was also seen as a frequent component 
of influenza in the great pandemic of World 
War r. Winternitz* stated that twelve of his 
ninety-five autopsied cases showed organization 
of the bronchiolar or alveolar exudate. The case 
of Lerfer and Winkler'* followed a grippe-like 
illness. In an exhaustive study Hübschmann dis- 
cusses the lesion in influenza.? Other infectious 
origins are also cited. Beitzke!* discussed bron- 
chiolitis obliterans as a sequel of acute (capil- 
lary) bronchitis. As a component of organizing 
pneumonia the lesion is probably not unusual. In 
such instances, however, the phenomenon is 
essentially a local one. This also applies to 
instances in which foreign bodies are concerned. 

Bronchiolitis obliterans, apparently due to 
iodized poppyseed oil, has been reported but in 
the instance cited evaluation was made difficult 


+ This case (Autopsy No. 5-33) is from a collection of 
Dr. J. R. M. Innes, obtained while he was at the Insti- 
tute of Pathology, Munich, under Prof. Max Borst, 1932 
to 1933. (Permission of Prof. W. Hueck, Pathologisches 
Institut der Universitat, Munich, Germany.) 


* From Pathology Branch, Clinical Research Division, Chemical Corps Medical Laboratories, Army Chemical Center, 
Maryland. 
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by a long standing history of respiratory disease 
prior to bronchography.' There are certain 
objections concerning a report of bronchiolitis 
obliterans associated with pulmonary vasculitis. 
Two of the three cases were in individuals with 
chronic cardiovascular disease. Several illus- 
trations used to demonstrate vascular lesions, 
moreover, show altered bronchial arteries. 
Actually, the changes pictured are commonly 
noted lesions of the bronchial artery and have 
been specifically discussed by Liebow et al.'® 
The clinical picture! ?:9:19.1*.!7 of bronchiolitis 
obliterans is variable at its inception, depending 
on its etiology. In the more common instances 
due to oxides of nitrogen or other irritant fumes, 
there is an initial period of cough, dyspnea, 
slight or severe chest pain and cyanosis. The 
patient is usually afebrile. Most fatalities occur- 
ring at this time show acute necrotizing lesions of 
the tracheobronchial tree and massive pul- 
monary edema. When pulmonary infection is 
the initial lesion, the symptoms correspond. 
There is then an interval of apparent improve- 
ment over a period of several days to a month or 
more, although a few cases show gradual 
progression. This interval tends to be short in 
cases due to inhalation of irritants.!5 The third 
stage appears to have the same clinical char- 
acteristics in all groups and is remarkable for its 
unremitting nature. The cases of uncertain 
etiology are generally first recognized in this 
stage. Dyspnea becomes progressively and 
rapidly more marked, there is variable cough 
and expectoration of blood-stained sputum. 
Cyanosis is always conspicuous. There may be 
fever but this is generally low grade. In this 
third stage the roentgenogram of the chest may 
simulate miliary tuberculosis which may offer 
the main problem in differential diagnosis. 
The importance of this roentgenographic pattern 
in a patient with marked dyspnea is to be 
emphasized. It would be desirable to anticipate 
the disease before it develops but there are 
apparently no reports specifically demonstrating 
the evolution of the roentgen pattern. There are, 
however, reports of the changes in x-ray in 
acute poisoning due to oxides of nitrogen 
which can be taken to represent the probabie 
early pattern of those going on to develop 
bronchiolitis obliterans. Soon after exposure 
there is an irregular, soft mottling throughout 
both lung fields. These patches of increased 
density follow the course of the bronchial tree 
and extend to the periphery of the lung fields, '*:*° 
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tending to be more numerous in the mid-lung 
fields.!® There is then confluence of minute 
areas of atelectasis and edema, with develop- 
ment of larger nodules. This stage is remarkable 
for the rapidity with which the chest film clears 
in those who recover.??7?? However, the miliary- 
like densities may persist. In this regard Nich- 
ols'?? experience with the Cleveland disaster 
(1929) from burning nitrocellulose film is of 
some interest. He found that while the clinical 
examination of the chest was often unremark- 
able, the roentgenogram always revealed many 
small nodular areas scattered throughout each 
lung. On the basis of preliminary autopsy find- 
ings in fatal cases, these densities were explained 
as being due to foci of interstitial fibrosis. How- 
ever, the fact that a group of the victims showed 
a phase of clinical improvement followed by 
relapse with severe cyanosis approximately 
fifteen days subsequent to the exposure is 
strongly suggestive that these foci of ‘‘interstitial 
fibrosis" were actually the lesions of bronchio- 
litis obliterans. 

Pathologically, the appearance of the gross 
lesion is distinctive and, if the clinical picture 
is known, should not be confused with miliary 
tuberculosis which it closely resembles. +78 The 
parenchyma of all lobes is studded with small 
nodules, generally 1 to 2 mm. in diameter, which 
are serrated in outline. Careful observation of 
the cut surface of the nodules reveals a slit-like 
or rounded space in the central portion of many, 
the remnant of the bronchiolar lumen. The 
latter feature is important in differentiation from 
miliary tubercles. Miliary lesions in other body 
locations are absent. Emphysema and atelectasis, 
singly or in combination, may be found and the 
lungs are frequently edematous and show focal 
hemorrhages. Such hemorrhage was a con- 
spicuous feature in the experimental lesions 
produced by Winternitz? and could be cor- 
related with the violence of the agonal state. 

The descriptions of the histologic changes of 
the several reported cases vary, even in cases 
due to the same cause. It is possible that this 
reflects more than one mechanism in the patho- 
genesis of the lesion. In the characteristic le- 
sion}™!5 the lumen of the bronchiole may be 
partially obliterated by granulation tissue. The 
obstructing mass often has a polypoid appear- 
ance and is separated by a space from a crescent 
of intact, probably regenerated, bronchiolar 
epithelium, or the lumen may be entirely 
obliterated by young connective tissue. There 
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is a diversity of opinion concerning the earlier 
stages which end in this picture. The earliest 
lesion is certainly an acute bronchiolitis with 
destruction. of the epithelial lining. When 
irritant fumes are the etiologic factors there 
is probably accompanying alveolar injury. This 
is based on the observation that most severely 
exposed individuals die early with massive 
pulmonary edema. Extensive necrosis of the 
wall of the bronchiole apparently does not 
generally occur in these patients. *^!? In this 
respect it is significant that bronchiolectasis is 
infrequently noted.! That the damage may be 
more than simple inflammation of the bron- 
chiolar wall is implied by most authors who 
describe disruption of the muscularis and 
elastica. The source of the granulation tissue is 
generally agreed to be the wall of the bronchiole, 
and it is here that there is the most divergence of 
opinion, 1.e., whether it arises in the submucosa 
or muscularis, represents an infiltration of 
peribronchiolar origin, or is a reaction of the 
wall as a whole.?* Involvement of neighboring 
alveoli is mentioned in most reports, and it is 
improbable that there have been any cases in 
which contiguous alveolar structures were not 
involved. This is certainly so in cases following 
influenza, as pointed out by Winternitz.^ Most 
authors consider alveolar involvement to be 
secondary to the bronchiolar involvement. 
However, an alveolar origin of the process 
leading to bronchiolitis obliterans has not 
been convincingly excluded.'* Groll’s excellent 
description clearly demonstrates the role of 
alveoli in the organizing process.?? 


CASE REPORT * 


On December 29, 1953, the patient, a thirty- 
eight year old chemist employed by the U. S. 
Bureau of Mines, aided in the rescue of a col- 
league after a group of flasks containing red 
fuming nitric acid exploded as they were being 
vented. The laboratory was quickly filled with 
dense fumes, chiefly of nitrogen dioxide. There is 
little information about early symptoms other 
than that the patient is said to have had a cough 
following the accident, and had tightness in the 

* The existence of this case was called to the attention 
of Chemical Corps Medical Laboratories after the 
autopsy had been performed. Material for examination 
was obtained from the Chief Medical Examiner, State of 
Maryland, and additional slides were obtained from the 
Armed Forces Institute of Pathology. Clinical data and 


x-ray films were supplied by the Prince Georges General 
Hospital, Maryland. 


chest the first few days. He took sick leave, 
unusual for him, but complained of no symp- 
toms other than cough until January 19, 1954. 
The cough increased in severity and he ex- 
perienced chilly sensations with fever. He con- 
sulted a physician for the first time on January 
21, 1954. Only loud rhonchi were noted on 
examination of the chest. His symptoms became 
rapidly and progressively more marked, and 
retrosternal pain, a feeling of tightness in the 
chest, and later shortness of breath developed. 
Treatment with aureomycin was begun on 
January 23, 1954. The following day shortness 
of breath was so severe that he had to remain in a 
sitting position. 

On admission to the hospital on January 24th, 
he had a dry hacking cough, dyspnea showing 
marked respiratory effort and a respiratory rate 
of 52/min. Temperature was 100.4?r., pulse 
128/min., blood pressure 170.90 mm. Hg. Ab- 
normal findings, limited to the chest, were 
wheezing, sonorous breath sounds and rales 
throughout. The urine was normal, the red 
blood count was 4.05 M., white blood count 
11.1 T., hemoglobin 13.1 gm. per cent and a 
differential count of polymorphonuclear leuko- 
cytes 81 per cent; lymphocytes 14 per cent, 
stab forms 3 per cent and eosinophils 2 per 
cent. A posteroanterior chest film on admission 
revealed small, irregular densities, 1 to 2 mm. 
in diameter, diffusely scattered throughout the 
lung fields. ‘These miliary-like densities had 
indistinct, irregular margins and were of uni- 
form radiopacity. There was a closer relation 
to bronchial markings than to vascular ones. 
(Fig. 1.) The patient was given aureomycin, 
intravenous dextrose and saline. His tempera- 
ture fell to 99.4°r. and he remained afebrile. The 
hospital course was one of rapid deterioration. 
Cyanosis of the mucous membranes and nail 
beds was noted and progressively deepened. 
Respirations gradually became shallow, the 
blood pressure fell and the patient expired on 
January 25, 1954, approximately thirty hours 
after admission. 

At autopsy the significant findings were 
limited to the chest. The tracheobronchial tree 
was noted to be injected throughout and con- 
tained tenacious, purulent material. The lungs 
were markedly edematous and nodular on 
palpation. The cut surface of the formalin- 
fixed tissue blocks obtained from the Medical 
Examiner revealed the character of these 
nodules. (Fig. 2.) Most were from 1 to 2 mm. in 
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Fic. 1. Postero-anterior x-ray of the chest taken on January 24, 1954. Miliary-like 


mo. 


densities may be seen diffusely scattered throughout both lung fields. The inset 
shows the details of the densities in their normal dimensions. 


greatest dimension although occasional ones 
were somewhat larger. Their margins were so 
irregular as to be described as stellate. In the 
central portions of many were slit-like or round 
spaces representing bronchiolar lumens. 
Histologically, all sections of the lung showed 
marked edema and many focal areas of hemor- 
rhage. The characteristic lesion noted involved 
the bronchioles. (Fig. 3.) The lumen was virtu- 
ally obliterated by organizing exudate which 
often projected in a polypoid fashion. Generally, 
a slit-like space separated the mass from a 
crescent of bronchiolar epithelium, in part show- 
ing hypertrophy of epithelial cells. Squamous 
metaplasia was not noted at this level of the 
bronchial tree. Within the organizing mass there 
was dense proteinaceous material and varying 
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inflammatory cell infiltration. Although this 
proteinaceous material had a fibrinoid appear- 
ance, it was not characteristically stained with 
phosphotungstic acid-hematoxylin. Lympho- 
cytes and monocytes were the predominant cells 
although polymorphonuclear leukocytes were 
also noted. Eosinophils were not conspicuous. 
The invading fibrous tissue was highly vascular, 
appearing as a delicate stroma with little 
collagen. The submucosa of the bronchiole was 
greatly swollen and infiltrated by inflammatory 
cells, lymphocytes being more prominent than 
polymorphonuclear leukocytes. There did not 
appear to be a significant degree of fibrosis of the 
submucosa. The muscular wall was essentially 
intact. The bronchial tree at this level is a 
multibranched structure with a  muscularis 
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Fic. 2. The cut surface of a formalin-fixed 
block showing several of the nodules. Note 
that in many the bronchiolar lumen can be 
identified. X 2. 


consisting of bands of muscle rather than a 
continuous sheath. Normal interruptions in the 
continuity of the wall therefore had to be dif- 
ferentiated from defects due to a destructive 
process. The bronchiole was cuffed almost 
exclusively by lymphocytes. The alveoli neigh- 
boring the bronchiole showed an organizing 
pneumonitis. In part this was relatively ad- 
vanced with obliteration of the alveolar struc- 
tures but more acute changes were also in 
evidence, some alveoli being filled with exudate 
composed chiefly of polymorphonuclear leuko- 
cytes. *Epithelialization" of the alveolar lining 
was commonly noted. There was no apparent 
alteration of the original lumen diameter of the 
bronchiole, as judged by the outline of the 
muscular wall. Bronchiolectatic lesions were 
conspicuous by their absence. 

In none of the many sections examined were 
completely normal bronchiolar structures found. 
The minimally involved bronchiole (Fig. 4) 
possessed a completely intact and essentially 
normal mucosal epithelium. The submucosa, 
however, was moderately swollen and in- 
filtrated by both lymphocytes and polymorpho- 
nuclear leukocytes. The muscularis was unin- 
volved but there was slight peribronchiolar 
scarring and infiltration by lymphocytes. Some- 
what more advanced lesions were noted, still 
with the mucosa intact, in which the lumen was 
filled with exudate. Only when there were 
breaks in the continuity of the epithelial lining 
were masses of dense proteinaceous material 
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present, and only in this circumstance did 
organization of the exudate occur. (Fig. 5.) 

There appear to be two ways in which the 
exudate in the lumen of the bronchiole can 
become organized. On the one hand, this 
process appears to take place exclusively within 
the bronchiole. (Fig. 6.) Here one can readily 
make out the proliferating fibrous tissue arising 
in the granulating base of the submucosa. At 
least as often, however, this process of organiza- 
tion appears to be the result of invasion by the 
reactive process in the contiguous alveolar 
ducts and alveoli (Fig. 7), fibroblastic tissue 
arising from the organizing alveolitis invading 
the exudate within the bronchiole. Since alveoli 
arise from the respiratory bronchiole and 
alveolar duct as well as from the atrium and 
sacculus alveolaris, it is significant that the 
respiratory bronchiole seems to be the site of 
greatest organization. 

The wall of the bronchiole remains essentially 
intact. (Fig. 8.) The elastica and muscularis 
showed no significant defects, the only inter- 
ruptions being those due to the branching 
character of the structure. In the most advanced 
lesion the bronchiole was completely obliterated, 
as illustrated in Figure 9. In this instance, 
involving a respiratory bronchiole, the con- 
tinuity of the organizing process within the 
lumen and of the process involving the sur- 
rounding alveolar structures is clearly evident. 
At the more peripheral locations in the lung it is 
often difficult to distinguish much more than a 
focal area of organization, as shown in Figure 10. 
There appear, however, to be some bands of 
smooth muscle even here. The focal nature of 
the lesion is probably significant. The entire 
tracheobronchial tree was evidently involved 
at some stage because foci of regenerated 
epithelium in the trachea still retain some char- 
acteristics of squamous epithelium, as illus- 
trated in Figure 11. 


COMMENTS 


Careful consideration should be given to the 
use of the term bronchiolitis obliterans. Ehrich 
and McIntosh!* maintained that the designation 
is justified only when the process is widespread. 
That similar lesions occur as focal phenomena in 
many organizing processes is well known; in fact, 
such organization may be widely disseminated. 
It is significant that these are often purely 
morphologic findings without clinical correla- 
tion and frequently not obliterating lesions at 
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Fic. 3. The typical lesion of bronchiolitis obliterans showin 


hematoxylin and eosin stain. 
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1e polypoid appearance of the occluding mass; 
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Fic. 4. A minimally involved bronchiole. Possibly, a more distal section of this bronchiole would show involvement 


by the obliterating lesion; hematoxylin and eosin stain. 


Fic. 5. Proteinaceous material in association with a defect of the bronchiolar mucosa; hematoxylin and eosin stain. 


Fic. 6. Granulation tissue arising from the wall of the bronchiole and occluding the lumen; hematoxylin and eosin 


stain. 


all but lesions of early fibroblastic proliferation. 
This objection might be raised with reference 
to Ehrich and MclIntosh’s three cases, all of 
uremic pneumonitis in which such phenomena as 
fibroblastic proliferation are extremely common. 
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Considering the reserve ventilatory capacity of 
the lung, disseminated lesions would not be 
expected to produce the clinical picture seen 
with lesions of a generalized nature. Perhaps it 
would not be superfluous to speak of bronchio- 
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Fic. 7. Exudate in a bronchiole showing organization 
arising from the plastic process in contizuous alveoli; 
hematoxylin and eosin, X 115. 


litis obliterans generalisata. The clinical picture 
is unique so that any purported case not accom- 
panied by such features should be suspect. 
There are additional facets of the case reported 
herein which are noteworthy. With respect to 
the question of the origin of the newly prolifer- 
ated connective tissue, it is not surprising that a 
dual source was found: viz., from the granulating 
submucosa of the bronchiolar structure itself and 
as an ingrowth from alveolar structures. This is 
contrary to the belief of most authors, the general 
impression being that alveolar involvement is 
secondary. That alveoli may suffer primary 
damage is unquestionable where irritant fumes 
are concerned, and this is clearly demonstrated 
by Winternitz et al.” in their studies on war gas 
poisoning. Figure 12 is instructive in this respect, 
the section being that of lung from a dog ex- 
posed to red fuming nitric acid fumes at 75 ppm 
for five hours and dying five and a half hours 
from the time of onset of exposure. It shows 
unmistakable damage to the bronchiole and 
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Fic. 8. A typical lesion of a bronchiole with normal 
elastica and muscularis; elastica, X 115. 


alveolar duct, as well as necrosis of the alveolar 
septal wall. Such findings argue against the 
view that involvement of the bronchiole, short 
of the alveoli, is due to bronchoconstriction. !? 
The dog is unique among mammals in respect to 
the degree to which the musculature of the 
respiratory bronchiole and alveolar duct is 
developed, and this might be correlated with 
isolated circumstances under which there are 
very marked increases in bronchial resistance. 
A more simple explanation of the level at which 
injury is maximum is based on the solubility of 
the material in question. Hydrochloric acid is 
more soluble in water than the oxides of nitro- 
gen, and therefore the effects of hydrochloric 
acid are maximal in the upper airway, whereas 
those of the oxides of nitrogen are more deeply 
located. 

There seems to be a segmental distribution 
of the lesions, for the total lesion is relatively 
uniform in size and considerably smaller in 
area than would correspond to a group of 
alveoli arising from a single bronchiole. Larger 
lesions seem to be predisposed to complete 
obliteration. The respiratory bronchioles and 
alveolar ducts appear to be the sites of maximal 
organization, and alveolar involvement pre- 
dominantly affects alveoli arising direct from 
the respiratory bronchiole and alveolar duct. 

From a nosologic standpoint, it is evident that 
bronchiolitis obliterans can be considered only 
when the full blown clinical as well as the 
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Fic. 9. Complete obliteration of a respiratory bronchiole showing continuity of the granulation tissue in the alveoli 


and bronchiolar lumen; elastica stain. 
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Fic. 10. A nodular area of organization in the periphery of the lung; elastica stain. 


Fic. 11. An area of squamous metaplasia in the mucosa of the trachea; hematoxylin and eosin stain. 


Fic. 12. Lung of dog exposed to red fuming nitric acid fumes. Note the necrotizing lesion of the respiratory bronchiole 
and alveolar duct as well as the focal alveolar necrosis; hematoxylin and eosin stain. 


pathologic picture is present. The lucid descrip- 
tion by Beitzke!? of the manner in which 
bronchiolitis obliterans of infectious origin 
develops makes it clear that, apart from a greater 
inflammatory component, there is marked simi- 
larity with that due to chemical injury. 
Poisoning by inhalation of irritant substances, 
in particular fumes of oxides of nitrogen, is by 
no means uncommon and in the past has ac- 
counted for the larger number of cases of bron- 
chiolitis obliterans. Acute (pulmonary edema) 
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rather than delayed fatalities are the rule, 
however.*:*:'°.23.26 Nitric acid, particularly red 
fuming and white fuming, is an extremely 
important substance in certain industries and 
today assumes added importance in its use as an 
oxidizer in rocket fuel. With the continued 
increase in the use of such substances, it is to be 
expected that there will be increasing numbers of 
similar industrial accidents. Physicians treating 
such patients should be alerted to this disease 
as a late complication. Furthermore, the increas- 
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ing effectiveness of treatment in the acute phase 
may mean that more patients will survive only to 
succumb at a later date. 


SUMMARY 


Bronchiolitis obliterans should be classified 
with the diseases of unremitting dyspnea. The 
clinical picture is distinctive and correlates with 
the generalized involvement of respiratory 
bronchioles by obstructing lesions. Of particular 
importance in diagnosis is a roentgen pattern 
simulating miliary tuberculosis. 

Pulmonary infection or the inhalation. of 
irritant fumes are the most common causes. The 
case reported herein was due to inhalation of 
nitrogen dioxide, which is the single most com- 
mon cause of bronchiolitis obliterans. Attention 
is drawn to the fact that poisoning by oxides of 
nitrogen fumes is not at all uncommon. 
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Editorial 


“For Breath Too Is Nutriment" 


HEN we treat a patient with chronic 

“non-specific”? pulmonary disease we 

often feel ourselves in a trackless 
quagmire of contradictory recommendations for 
therapy in a condition which we are ill equipped 
to diagnose and which, by its bewildering 
complexity of seemingly unconnected manifesta- 
tions, paralyzes our powers. All around us, 
among our professional colleagues, in the current 
medical literature, in hospital charts and labora- 
tory reports there is an incomprehensible chatter, 
a flowing alphabet soup of cryptic and code-like 
jargon, foreign to our ear, of M. B. C. and 
F. R. C. interspersed all too frequently with an 
algebraic expression or, worst of all, with that 
Indian sign to the medical mind, a differential or 
an integral symbol. 

A congeries of factors seems to have thrust 
us into this slough: here are bronchodilators, 
there are emphysema belts, yonder aerosol 
generators (perhaps with design to insufflate or 
exsufflate), everywhere are antibiotics in be- 
wildering profusion which might cure our 
patient's infection or, who knows, might turn the 
bronchial passages into a defenseless play- 
ground for an overgrowth of ordinarily in- 
nocuous but now slimily coalescent pathogens 
raised like an army of zombies from the normal 
microbial flora. And down the hall dwells a 
young scientist with burning eyes and glisten- 
ing spirometers who, facile in crypto-alpha- 
betese, would, at the twist of a stopcock, 
turn emphvsema into fibrosis while threading a 
heart with nylon tubes. Not the least of our 
reactions is guilt. We feel we should know, that 
others do know, the solid from the quicksand in 
this swamp, and boundless anxiety issues from 
our neurotic guilt. 


> 
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There is some justice in our view. The mire of 
chronic non-specific pulmonary disease is not 
new, and the weirdly festooned and clustered 
woods of pulmonary impairment have always 
been; but as gloom dispels in the growing light of 
medical science we can see the situation more 
vividly if not more clearly. Meanwhile the 
proportion between middle and older aged in 
the population is continually increasing, the 
killing diseases of childhood and youth are 
decreasing, so that the relative incidence and 
importance of the insidiously progressive chronic 
non-specific pulmonary diseases are multiplying. 
Some confusions concerning the origin of 
dyspnea have been resolved. In many instances 
the heart may be exonerated and the lungs 
indicted. If we erroneously diagnose failure of 
the former when the latter is the culprit, time 
will confirm us in our error because heart fail- 
ure will inevitably occur as a result of pulmonary 
failure, if something else does not carry our 
patient off in the meantime. Finally, effective 
diagnostic and therapeutic measures have come 
much more plentifully to our hands. That a 
situation is susceptible of management imposes 
upon us a duty to recognize and to treat it 
skillfully. 

Much of our self-recognized befuddlement is 
derived from the fact that at the time we at- 
tended medical school chronic pulmonary in- 
sufficiency was a troublesome, refractory and 
fortunately (in a sense) an infrequently recog- 
nized condition receiving minimal curricular 
attention. We feel the lack of systematic ground- 
ing in the basic principles and now, harried, 
we are attempting to fill the hiatus piecemeal. 
Perhaps it would be comforting to look to the 
past to see how long a path has really been 
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traversed and how slowly we have moved 
along it. 

A place to start might be that “‘ . earliest 
surviving example of observation and conclusion, 
the oldest known evidence of an inductive 
process in the history of the human mind," the 
Edwin Smith surgical papyrus (Breasted). This 
document, which dates from the sixteenth 
century B.C., copies a much older text. The 
latter, about the twenty-sixth century B.C., was 
in itself an annotated version of one originating, 
it is thought, in the Pyramid Age around the 
thirtieth century B.C. The instructive form directs 
us to examine the patient and conclude one of 
the following: ‘an ailment which I will treat’; 
“an ailment with which I will contend" or ‘fan 
ailment not to be treated." Chronic pulmonary 
disease of the sort which concerns us never falls 
in the first category of curable illness and should 
not be placed in the third of hopeless illness. 
Chronic disabling pulmonary disease is an 
ailment with which the physician must 
"contend." 

To do this we must know the natural history 
of the disorders we propose to manage “‘I hold it 
is an excellent thing for a physician to practice 
forecasting," said Hippocrates (Prognostica) ‘‘for 
if he discover and declare unaided bv the side of 
his patients the present, the past and the future 
and fill in the gaps in the account given by the 
sick, he will be the more believed to understand 
the cases, so that men will confidently entrust 
themselves to him for treatment. Furthermore, 
he will carrv out the treatment best if he know 
beforehand from the present symptoms what 
will take place later. . . . " Hippocrates, if he 
were about, would nowadavs be willing to 
modify “unaided” to encourage recourse to the 
needed specialists in radiology, electrocardiog- 
raphy pulmonary function, bacteriology and 
cardiac catheterization, but would doubtless 
sternly insist that we remain at the patient's side 
to convert the specialists’ information to useful 
plans for the patient. This we can do only 
through a working comprehension of these 
ramifications of the modern art acquired from 
study, if not from practice, of their technics. 

Anaximenes of Miletos proposed air, pneuma, 
as the primary substance “ . . . permeating 
everything" and indeed, from the biologic 
point of view, such is true. Every part and system 
of the body is permeated with air and dependent 
upon an endlessly refreshed supply of it for well- 
being. Interference with the bodily aerating 


equipment must of necessity manifest itself in 
myriad ways. 

Complexity, however, cannot cause mental 
panic unless we allow it. A child of seven steps 
up to a television set and unhesitatingly tunes in 
a station, adjusts the horizontal and vertical 
raster control circuits to the locking signals of the 
transmitting station, focuses the electronic beam 
unerringly, adjusts the bias of the control grid 
of the cathode ray tube to a degree of apparent 
contrast to suit his fancy, turns the audio volume 
control wide open and thunders off into outer 
space in a reaction-engined craft without a 
qualm. Confronted with a circuit diagram of the 
set, he would blink with incomprehension, a 
reaction that will persist with him well into 
engineering school a decade and more later. 
There he will be taught an engineer’s trick: 
reduce the incomprehensible whole into com- 
prehensible parts. Here is the power supply, here 
its filter network, here the automatic volume 
control, and so on. Thus, piece by piece, the 
whole becomes simple. There is no scientific con- 
cept borne of the human mind which is not 
simple in its basic elements. To get at these 
basic elements may be another matter! When 
the work is new it is difficult to thread a way 
among the conflicting data, but with time and 
the work of many minds the findings are digested, 
condensed, sorted and simplified to a teachable 
or learnable unit of knowledge. How far we go in 
our studies of this subject is a purely personal 
matter but whatever we attempt all will be lost if 
we swamp ourselves in complexity instead of 
systematizing our attack on the problem and 
subdividing it into comprehensible elements. 
This is difficult if not impossible to do alone in a 
field where areas of comprehension are cheq- 
uered among larger areas of ignorance. 

Engineers can teach us another trick for 
working with systems we do not or cannot fully 
understand: the useful tool of the four terminal 
network parameters. Here an electronic device 
is envisaged as though two wires, the input cir- 
cuit, disappeared through two terminals into 
a "little black box," and two wires, the output 
circuit, emerge through two other terminals 
from the opposite side. It is often entirely 
unnecessary to know the contents of the box; it 
may be enough to know what changes are 
produced in the output circuit by certain 
changes in input, and vice versa. A “‘little 
black box" can be made to contain that part of 
any system about which the technical details 


AMERICAN JOURNAL OF MEDICINE 


Editorial 325 


are unknown, or as much or as little as desired. 
So if for a given amount of power fed into the 
“little black box" a lesser amount emerges, it is 
evident the loss occurred within the box, while 
if there is gain of power it is axiomatic that the 
box is playing an active role and its behavior in 
this respect could be characterized by a gen- 
erator of appropriate properties. In either event 
we would want to know where the lost electricity 
went or where the gained energy originated, but 
these are questions for the research laboratorv. 

The "little black box" will serve very well for 
the bedside. It has to be accepted definitely that 
we cannot understand evervthing. As researchers 
open one by one the “little black boxes" and 
show their contents to us, more and more un- 
opened boxes are revealed. It is poor research 
indeed which does not raise more ghosts than it 
lays. We may conveniently place such matters 
which we do not understand into useful “‘little 
black boxes." Thus we can make intelligent use 
of the knowledge that the volume of air moved 
by the bellows action of the lung during maximal 
voluntary hyperventilation increased 20 per 
cent following administration to the patient of a 
bronchodilator drug to lead us to the conclusion 
that bronchoconstriction is a factor in our 
patient's malady despite a limited comprehen- 
sion of all the complex mechanisms involved. 
Such reasoning should not be adduced as an 
excuse for unnecessary ignorance but rather as 
a working technic with what knowledge has 
been allowed us. 

Empedocles of Agrigentum, he of the four ele- 
ments, fire, air, water and earth, who flourished 
early in the fifth century B.c., performed a 
crucial experiment which proved the corporeal- 
ity of air. By plugging the hole in one end of a 
clepsydra (a hollow vessel with holes at each 
end) with his finger and immersing the vessel in 
water he showed that the entrapped air pre- 
vented the entrance of water until he removed 
his finger from the top hole and let the air 
escape. Not much of vital interest to phvsiolo- 
gists was added to this information about air 
until 1668 a.D., some twenty-one centuries later. 

The Hippocratic physicians were close ob- 
servers of the respiratory movements. Thus the 
second case described in Epidemics 1: “from the 
beginning the breath in this case was throughout 
rare and large." Hyperpnea, we may suppose, 
since the clinical picture described is dehydra- 
tion and metabolic acidosis in a patient dying 
of acute fever with copious diarrhea. Again, 
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Cheyne (1818) and Stokes (1846) were ante- 
dated in their observations of the kind of 
breathing which commonly bears their names 
by the author of Case 15 in Epidemics m: ‘‘Res- 
pirations rare and large with long intervals 
becoming afterwards short." 

The forty-eighth chapter of De Alimento, an 
aphoristic work of the Hippocratic corpus of 
uncertain authorship written about the turn of 
the fifth century B.c., which is taken as the text 
for this editorial, shows the preoccupation of this 
school with the way of breathing and the ‘“‘ob- 
scure sybylline" utterances they were forced to 
take refuge in because of the lack of real com- 
prehension of respiration. To recognize air as a 
"food," Sarton points out, could only then 
have been a guess or a metaphor. The point was 
not proved until Priestley in 1772 rediscovered 
Mayow’s “‘igneo-aerial”’ spirit which he isolated 
as oxygen, and Lavoisier soon afterwards dis- 
posed of the phlogiston theory setting the matter 
straight for all time. 

Bewilderment about the purpose of respiration 
persisted for centuries despite the fact that it was 
known to the earliest Egyptians, even to their 
paleolithic predecessors, that air was essential to 
life. Murder by suffocation is not a new inven- 
tion, and execution by entombment (and conse- 
quent suffocation) did not begin with Aida. 
Jelliffe traces the more recent developments: 
Galen thought respiration was for the purpose of 
cooling the heart and this doctrine persisted 
until recent times. Harvey recognized the ex- 
istence of **two different currents" of the blood 
but supposed one to generate the vital spirit in 
the left side of the heart, the other to get rid of 
the foul vapors and the heat of the innate fire 
burning in the heart. Von Helmont recognized 
the existence of “fixed air" (carbon dioxide) 
from his studies on fermentation but had no 
idea what it was, and the concept was lost. 
Borelli elaborated upon the concept of the 
bellows action of the chest and with others 
through the seventeenth century clarified the 
mechanics of respiration, coupling in the ob- 
servations of Malpighi on the minute structure 
of the lung and advancing finally to the point of 
recognizing that the **particles" of air enter into 
and become mixed with the blood. Hooke also 
proved the necessity of air for life by experiments 
in artificial respiration, and Lower *by his 
careful transfusion experiments demonstrated 
that the difference between dark venous blood 
and lighter arterial blood was due to the admix- 
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ture of air thus explaining the color change 
which had been recorded for thousands of years 
and referred to thousands of causes." 

John Mayow in 1668 cracked the problem 
left for him by Empedocles two thousand years 
before proving that air, while indeed it had 
corporeality, was not a single substance.* “Not 
all of the air was used by the lungs in influencing 
the blood but only a certain part of it, and 
although he called it by a different name 
(spiritus nitro-aerius) it was that part now known 
as oxygen." He saw that respiration was a 
proces «5 . . . analogous to combustion, that 
both fire and breathing removed from air the 
igneoaerial particles" (Foster). Stephen Hales 
first stated the principle of free and combined 
gases and Joseph Black rediscovered Von Hel- 
mont’s ‘‘fixed air," the carbon dioxide given off 
by the lung. When, after a hundred years of 
forgetfulness of Mayow’s work, Priestley and 
Lavoisier, as earlier mentioned, elaborated upon 
the elements of external gaseous respiration, it 
remained only for Gustavus Magnus, just à 
century ago, to prove the presence of the gases 
in different proportions in the blood and thus 
complete ‘“‘the last chapter in the unraveling of 
this secret of nature." The stage was set for the 
great advances in pulmonary physiology, espe- 

* Some credit Robert Boyle or Robert Hooke with 
this discovery. 


cially in its quantitative aspects, made over the 
last century. 

Unfortunately the original literature on 
chronic pulmonary disease is enormous. In one 
segment of the field alone, pulmonary function 
testing, over seven hundred authors during the 
last two decades have published articles which 
have attracted enough attention to be quoted 
one or more times in other papers. The leading 
articles have been disseminated for the most 
part among forty-three different journals with- 
out much concentration in any particular one. 
Just in the last two decades have reviews, texts 
and, most useful, organized postgraduate courses 
on the subject begun to appear. Widespread use 
of Roentgen diagnosis, the advent of practical 
tests of pulmonary function, the ready avail- 
ability of effective antibiotics and effective 
therapeutic products of synthetic chemistry, 
particularly bronchodilators, all within our 
clinical lifetime is bringing us nearer compre- 
hension of that mystical but inspired passage: 
"Pulsations of veins and breathing of the lungs 
according to age, harmonious and unharmonious, 
signs of disease and of health, and of health more 
than disease, and of disease more than health. 
For breath too is nutriment.” 

GEORGE R. MENEELY, M.D. 
Veterans Administration Hospital 
Nashoille, Tennessee 
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ECENTLY two patients with diabetes 
mellitus have been encountered in 
whom there was rapid amelioration of 

diabetes, and insulin administration was dis- 
continued. One patient, still alive, has gen- 
eralized sarcoidosis, and signs of pituitary 
insufhciency appeared concomitantly with dis- 
appearance of the signs of diabetes; the other 
patient died suddenly and an abscess of the 
pituitary gland was found at autopsy. Another 
case of “disappearing” diabetes, in association 
with infarction of the pituitary, was brought to 
our attention by Dr. Frank Ford. Since individ- 
uals with panhypopituitarism can now be 
returned to a more or less normal state of health 
by judicious hormonal replacement therapy,’ 
it is imperative to recognize pituitary insufh- 
ciency when it occurs. If insulin administration 
be continued in the diabetic who develops 
panhypopituitarism, severe hypoglycemia may 
occur and death may follow quickly; but if the 
panhypopituitarism be recognized, proper treat- 
ment allows continued life. Pituitary insufh- 
ciency should be considered immediately in the 
diabetic if the requirement for insulin decreases 
very rapidly, or if insulin shock occurs with 
great frequency and hypoglycemia is prolonged 
and relatively resistant to the administration of 
intravenous glucose. 

The three cases to be described are instances 
of such an occurrence. 


CASE REPORTS 


Case 1. P. H. (Johns Hopkins Hospital 
No. 160105), a twenty-two year old white 
diabetic, was in the ninth month of her first 
pregnancy when she entered the hospital on the 
Obstetrical Service in December, 1938. She had 
had headaches of progressive severity for one 
month, frequent insulin shocks and edema of the 
legs. There was no familial history of diabetes. 


Diabetes developed when the patient was 
thirteen years old, and because of its severity 70 
units of crystalline insulin daily had been 
prescribed by her physician in addition to 
dietary regulation. Dietary indiscretions were 
frequent, as well as omissions of insulin adminis- 
tration; the patient was treated for severe 
diabetic acidosis on several occasions. Frequently 
she had episodes of insulin shock when she 
omitted one or two meals. There were always 
promptly relieved by administration of glucose 
intravenously. During pregnancy, the diet was 
largely uncontrolled and the diabetes was 
managed by her physician only with great 
difficulty. 

Five weeks before admission malaise developed 
followed in a week by the sudden onset of severe 
headaches, anorexia and generalized weakness. 
Generalized anasarca then developed. During 
this time insulin shock occurred often and usu- 
ally at night. In the attacks occurring during the 
week before admission the patient was observed 
to have generalized convulsions. Insulin dosage 
was reduced but hypoglycemic episodes oc- 
curred. On admission she appeared ill. There 
was tachycardia and tachypnea. She was weak 
and drowsy. There was generalized edema. 
Flame-shaped hemorrhages were seen in the left 
retina. Blood pressure was 112/70 mm. Hg. in 
the recumbent position. A viable infant esti- 
mated to weigh 2,600 gm. could be palpated on 
abdominal examination. 

The patient was kept at bed rest. Despite 
careful dietary control and cautious administra- 
tion of crystalline insulin in small amounts, 
hypoglycemic episodes were frequent. Blood 
sugar levels measured at these times varied from 
40 mg. per cent to 65 mg. per cent. On her fourth 
hospital day she was spontaneously delivered of a 
stillborn infant. Blood loss during delivery was 
measured at 250 cc. Immediately following this 


* From the Departments of Medicine and Urology, ‘The Johns Hopkins University and Hospital, Baltimore, Md. 
1 Present address: Genitourinary Department, Guys Hospital, London S. E. 1, England. 
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Fic. 1. Section of the pituitary showing extreme destruction and scarring; X 66. 


severe hypoglycemic shock occurred which was 
relieved by intravenous glucose administration. 
Ihe patient had a sharp rise in temperature to 
105°r. From this time until her death two and a 
half weeks later there was intermittent fever. 
Hypoglycemic episodes occurred usually at 
night and blood sugar levels were always found 
to be between 37 and 65 mg. per cent, although 
insulin administration had been stopped before 
delivery. These episodes were accompanied with 
left-sided fits; they appeared to be made worse 
by prolonged fast. The patient was weak, listless 
and anorectic. Glucose was administered intra- 
venously in the last days of life as well as aqueous 
adrenal-cortical extract. The patient fell into a 
deep coma six days before death. She never 
regained consciousness despite glucose adminis- 
tration. It was thought irreversible changes had 
occurred in the brain as a result of the episodes 
of profound hypoglycemia. She died quietly 
three weeks after admission. A diagnosis* of 
infarction of the pituitary was made and it was 
suggested that the amelioration of the diabetes 
mellitus and the subsequent hypoglycemia were 
secondary to this. 

At autopsy she was found to have in addition 
to low grade endometritis and cystitis, atrophy 
of the pancreas, hyalinization of the islets of 
Langerhans, extreme destruction and scarring 
of the hypophysis secondary to infarction, 


* Made by Dr. James Bordley, m1, then Resident 
Physician. 


(Fig. 1) and atrophy of the adrenal cortex. The 
infarction of the pituitary was estimated to be of 
two months' duration. 

Case rt... G. R. (J. H. H. No. 272744), a sixty- 
eight year old retired white carpenter, entered 
the Urological Service of the hospital on October 
25, 1952, for a perineal prostatectomy for 
benign prostatic hypertrophy. There was a 
strong familial history of diabetes mellitus. He 
had been found to be a diabetic at the age of 
fifty-eight years and had been followed in the 
Diabetic Clinic of the hospital for four years. 
Regulation was accomplished by attempted 
dietary control and administration of insulin. 
In the past he had had one severe bout of 
acidosis apparently precipitated by severe 
infection. Before operation, while he was in the 
hospital receiving a 1,600 calorie diet and 20 
units of protamine zinc insulin every morning, 
several blood sugar determinations, made when 
he was fasting, were between 140 and 240 mg. 
per cent. Glycosuria was always present, but 
without acetonuria. Perineal prostatectomy was 
performed successfully. On the second post- 
operative day he had several shaking chills and 
became febrile. The patient was given penicillin 
and streptomycin. Fever disappeared within two 
days. Crepitation and foul-smelling drainage 
appeared at the operative site on the fifth post- 
operative day. The diabetes became difficult to 
control. Blood sugar level rose to between 220 
and 320 mg. per cent. He became mildly 


AMERICAN JOURNAL OF MEDICINE 


Houssay Phenomenon in Man—Harvey, de Klerk 329 





Fic. 2. Section of the pituitary showing abscess formation and necrosis in the 
anterior lobe; X 66. 


acidotic. Insulin dosage was increased from 20 
to 55 units of protamine zinc insulin every morn- 
ing, but glycosuria persisted and blood sugar 
levels remained high. Streptococcus faecalis and 
a group D beta hemolytic streptococcus were 
cultured from the perineal drainage. With anti- 
biotic therapy the fever and tachycardia disap- 
peared and the fasting blood sugar levels re- 
turned to normal on the eleventh postoperative 
day. Insulin dosage was decreased from 55 to 
10 units of protamine zinc insulin every morning. 
Blood sugar levels fell below normal and insulin 
administration was discontinued on the four- 
teenth postoperative day; glycosuria never 
reappeared. Low grade fever returned. On the 
sixteenth postoperative day the patient com- 
plained of mild headache, ocular pain and 
photophobia. This increased in severity for the 
next four days. Fever, tachycardia and tachypnea 
reappeared. The patient became weak and list- 
less; anorexia increased and vomiting occurred. 
Examination of the eye grounds showed slight 
pallor of the discs and slight fullness of the 
retinal veins. On the twentieth postoperative 
day the patient became comatose. A varying 
neurologic pattern appeared with generalized 
flaccidity, twitching of the facial and pectoral 
muscles, absent deep tendon reflexes and un- 
su:tained bilateral ankle clonus. It was thought 
this picture represented extreme hypoglycemia 
and, after blood was obtained for a sugar deter- 
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mination, 100 gm. of glucose was administered 
intravenously in a 10 per cent solution, but the 
patient died four hours later. The blood sugar 
concentration was subsequently found to be 
32 mg. per cent. 

At autopsy in addition to generalized arterio- 
sclerosis, atrophy of the pancreas and hyaliniza- 
tion of the islands of Langerhans, there was 
abscess formation at the operative site in the 
perineum and abscess and necrosis of the anterior 
lobe of the hypophysis. (Fig. 2.) Str. faecalis 
was cultured from the abscesses in the pituitary 
and in the perineum. 

Case m. A. M. (J. H. H. No. 533662), a forty 
year old Negro laborer, was last in the hospital in 
April, 1953. There was a strong family history 
of diabetes mellitus but of no other endocrine 
disorders. The patient had syphilis at the age of 
fifteen years. This was treated with penicillin 
during his first hospital admission in 1950. 

In 1949 he was admitted to another hospital in 
severe diabetic acidosis. He had had symptoms of 
diabetes for the preceding six months. The 
diabetes was well controlled by dietary regula- 
tion and insulin administration, 50 units of 
protamine zinc insulin and 30 units of crystalline 
insulin every day. During that hospital stay he 
had an excruciating headache lasting for several 
days. There were no abnormal physical findings 
associated with this. Following discharge he 
took insulin sporadically. He first appeared at 
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The Johns Hopkins Hospital in 1950. At the 
Wilmer Ophthalmological Institute he was 
found to have interstitial keratitis, iritis, lymph- 
adenopathy and hepatomegaly. There were no 
visual field defects. Biopsy of an axillary gland 
showed lesions compatible with the diagnosis of 
sarcoid. The blood sugar determinations ob- 
tained when the patient was fasting were all 
normal and the oral glucose tolerance test was 
normal. He had stopped taking insulin and had 
given up dieting some six months previously. 
At no time was there glycosuria. Several deter- 
minations of the basal metabolic rate yielded 
results of approximately — 30 per cent of normal. 
The serum concentrations of sodium, potassium 
and chloride were always normal. There was 
mild normochromic-normocytic anemia, and 
a hypoplastic bone marrow. X-ray of the sella 
turcica showed it to be intact and at the upper 
limits of normal in size. 

The patient left the hospital but returned 
again in February, 1953, complaining of weak- 
ness, dizziness, crampy abdominal pain and 
watery diarrhea. Anorexia was prominent al- 
though there was no nausea or vomiting. On 
physical examination he was found to have low 
grade fever and mild hypotension. Blood pres- 
sure was 90/60 mm. Hg, recumbent. He ap- 
peared lethargic and chronically il. The skin 
was dry and scaly. No increase in pigmentation 
was noted. Facial, axillary and pubic hair 
was sparse. ‘There was generalized lymph- 
adenopathy. The liver was palpable at the 
costal margin. The testes were moderately 
atrophied. Determinations of blood sugar levels 
made when the patient was fasting were always 
normal and the oral glucose tolerance curve 
was flat, but the intravenous glucose tolerance 
curve was diabetic in type. The severe normo- 
chromic-normocytic anemia discovered during 
his first admission in 1950 was again noted. The 
protein-bound iodine was 2.4 ywg./100 cc. of 
serum. * 17-Ketosteroid levels in the urine were 
2.2 mg./24 hours and 1.0 mg./24 hours on two 
occasions.t Serum levels of sodium, chloride 
and potassium were normal. X-rays of the skull 
showed a normal sella. Visual fields were normal. 
Blood transfusions corrected the anemia. It was 
recommended that the patient take replacement 
hormonal therapy (thyroid, cortisone and testos- 
terone) but this advice was refused. The patient 

* Normal value: 4.0 to 8.0 wg./100 cc. of serum. 


T Normal value for males of this age: 8.0 mg. /24 hours 
to 14.0 mg./24 hours. 


continues with signs of increasing pituitary 
insufficiency manifested by weakness, lassitude, 
slow mentation, loss of hair. loss of libido, 
atrophy of genital organs, coarse skin, intoler- 
ance to cold, and hypotension. 

He has generalized sarcoidosis and it is 
believed that there is involvement of the anterior 
lobe of the pituitary by this process. Clinically 
he presents a picture of pituitary insufficiency 
of moderate degree. The amelioration of the 
diabetes is thought to be the result of the pitui- 
tary insufficiency. 


DISCUSSION 


In 1930 Houssay and Biasotti reported that 
the diabetes produced by extirpation of the 
pancreas in toads could temporarily be pre- 
vented or its severity diminished by removal of 
the pituitary gland.” In 1931 they reported that 
in dogs diabetes mellitus produced by extirpa- 
tion of the pancreas could be ameliorated by 
removal of the anterior lobe of the pituitary; in 
addition they found that such dogs were hyper- 
sensitive to insulin and that brief fasting caused 
severe hypoglycemia.? Other investigators have 
confirmed these findings in other mammals, 
amphibians, reptiles and fishes.* The glucose 
tolerance curves in such animal preparations 
may remain diabetic in type.? In 1937 Young 
reported that large amounts of pituitary 
extract given to dogs over a prolonged period of 
time produced permanent diabetes.* The pan- 
creases of these diabetic dogs showed either 
degranulation and hyalinization of the beta cells 
alone or E scenes of all islet tissue.’ Gaebler 
and Galbraith found that in dogs rendered 
diabetic by pancreatectomy, but well controlled 
by insulin administration, anterior pituitary 
extract caused worsening of the diabetic state 
and made control difficult.* 

In 1940 Gemmill showed that rat diaphragm 
incubated in a glucose-containing medium led to 
more substantial glycogen deposition in the 
diaphragm when insulin was present than when 
insulin was absent.’ Using this technic Stadie 
and his co-workers found that the ease with 
which insulin combines with the tissue is 
impaired in the diaphragm of rats injected with 
crude anterior pituitary extract or purified 
growth hormone before sacrifice." Nelson 
independently has made the same observation. !! 
Price, Cori and Colowick reported that the 
addition of anterior pituitary extract to extracts 
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of rat tissues produced inhibition of the hex»- 
kinase activity of these tissues, and that when 
insulin was added to this reaction, the inhibition 
was counteracted.? Whether the action bf 
anterior pituitary extract is through inhibition of 
hexokinase activity is not certain-for Stadie ar.d 
Haugaard!’ could not confirm this experiment 
of Price et al. 

Whatever the exact mechanism, it is abun- 
dantly clear that there is a mutual antagonism 
between the effects of insulin and an anterior 
pituitary hormone upon the concentration of 
blood glucose in the animal body. It is not 
surprising then to find this same antagonism :n 
man,'*16 with amelioration of diabetes :n 
diabetic individuals who develop anterior 
pituitary insufficiency. Although Calder?® is 
usually given credit for reporting the first 
instance in man in 1932, Balo" had reported 
two such cases in 1924. Since then eleven cases of 
amelioration of diabetes associated with spon- 
taneous destruction of the anterior pituitary 
gland have been reported in the hiterature,!5-?8 
also two cases of amelioration of diabetes after 
the anterior pituitary gland had been removed 
surgically.?*,3? These reports are summarized in 
Tables 1 and rt. 

Spontaneous pituitary insufficiency and amel- 
ioration of diabetes has shown no sex predile:- 
tion. It has occurred in both juvenile and seni!e 
patients with diabetes mellitus. Of the reported 
cases five were males and six were females. Five 
individuals were under thirty. In the cases 
reported in this communication two were males, 
aged forty and sixty-eight years, respectively, 
and one was a female aged twenty-two years. 

The duration of diabetes before the develop- 
ment of the pituitary insufficiency in the prz- 
viously reported cases varied from four months 
to twenty-one years. The majority had hed 
diabetes for at least four years. In the three 
cases reported here the diabetes had been present 
five, nine and ten years before any signs of the 
pituitary lesion developed. 

Among the six females reported in the litera- 
ture, the pituitary insufficiency occurred con- 
comitantly with pregnancy or with postpartum 
hemorrhage in four. In the one female reported 
in this communication the pituitary lesion 
developed during pregnancy. 

The complaint common to all of the patients 
reported here and in several of the previously 
reported cases was severe headache. In retrospect 
this complaint was made at the time infarction 
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must have occurred in the pituitary. Attacks of 
hypoglycemia quickly followed and were usually 
not initially recognized as attacks of hypo- 
glycemia. They were ushered in by delirium, fits 
or coma. Rapidly changing neurologic signs 
conformirg to no set pattern appeared in all 
cases. Because of these prominent neurologic 
signs attention was usually focused on the central 
nervous system. Generally, a low level of the 
blood sugar was a surprising incidental finding. 
When hypoglycemia was discovered its full 
significance was usually unappreciated. Despite 
reduction in insulin dosage, hypoglycemia at- 
tacks usually continued. Within seven to ten 
days most patients had discontinued insulin 
completely. Despite this, glycosuria did not 
appear except when large amounts of glucose 
were given intravenously. In all patients the’ 
manifestations of hypoglycemia were profound 
and the symptoms were quite refractory to 
treatment with intravenously administered glu- 
cose. Moreover, hypoglycemia quickly recurred 
when the intravenous administration of glucose . 
was stopped. | 

Of the eleven previously reported cases nine of 
the patients have died and have come to autopsy. 
In eight massive infarction of the pituitary 
gland secondary to thrombosis of its nutrient 
arteries was found. Death occurred in these 
eight patients as early as a week or as late as 
six months after hypoglycemic attacks began. 
In the ninth case (Case 3, Table 1) death oc- 
curred twelve years after the onset of hypo- 
glycemic attacks. When the first hypoglycemic 
attacks occurred, the patient was thought to 
have a pituitary tumor. X-rays of the skull 
then showed “‘definite evidence of a pituitary 
tumor—an abnormally dense deposit lying in 
the sella—and a lateral stereo confirmed the 
position of the radio-opaque mass." Insulin was 
no longer required. Three years later glycosuria 
and hyperglycemia recurred and administration 
of insulir was again required in increasing 
dosages. The patient lived nine years longer, 
requiring up to 30 units of crystalline insulin 
every day. He finally died in diabetic coma. At 
autopsy there was no sign grossly of pituitary 
enlargement or tumor and microscopically 
the gland was normal.!? 

Of the tbree cases reported in this communi- 
cation two have come to autopsy. The female 
had anterior pituitary infarction; she lived only 
six weeks after attacks began. The male had an 
abscess destroying the pituitary gland, metastatic 
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from a perineal abscess with septicemia; he died 
within ten days of the onset of symptoms. 

Among the cases reported in the literature, 
two persons (Cases 6 and 10, Table 1) are st-ll 
alive.?*?" Each is presumed to have an infarction 
of the anterior pituitary. Both suffered post- 
partum hemorrhage. Each quickly developed 
many signs of pituitary insufficiency including 
weakness, lassitude, anorexia, vomiting, hyp>- 
tension, loss of hair, loss of libido, atrophy of 
clitoris and labia, amenorrhea, atrophy of 
breasts, thickened skin, intolerance to cold and 
mental slowness. These individuals have sur- 
vived nine and seven years, respectively, wizh 
hormonal replacement therapy which has ia- 
cluded percortin, thyroid, stilbestrol and, more 
recently, cortisone. The only surviving patient 
among our three cases has clear-cut signs of 
thyroid, adrenal and gonadal hormone de- 
ficiencies. He has generalized sarcoidosis and is 
presumed to have involvement of the anterior 
pituitary by this process, a not unknown occtr- 
rence.*! He has survived now for three yezrs 
without replacement therapy. 

In five of the previously reported cases and in 
the three cases reported here the administration 
of insulin was discontinued within ten days of 
onset of symptoms. In three other cases pre- 
viously reported the dosage of insulin was greatly 
reduced. One patient (Case 5, Table 1) never 
required insulin and Balo's cases (Cases 1 and 
2, 'Table 1) occurred before insulin was availab.e. 

Despite the fall in requirement for insulin 
some abnormality in the metabolism of carbo- 
hydrate persists. In only two of the individuals 
who no longer required insulin were gluccse 
tolerance tests performed. 'The curves remained 
diabetic in type. The intravenous gluccse 
tolerance test in our patient with sarcoid re- 
mained diabetic in type. The flat curve after 
sugar was administered orally indicates to us 
delayed intestinal absorption. 

There are two reports in the literature of 
surgical removal of the anterior pituitary gland 
to ameliorate the complications of diabetes 
mellitus.2%3° Only two of five individuals have 
survived the operation. In both of these individu- 
als insulin requirement was somewhat reduced. 
One individual died four months after the 
operation, in hypoglycemia. He had pulmonary 
tuberculosis in addition to diabetes. At autopsy 
he had slight adrenal-cortical atrophy but no 
tuberculous involvement of the adrenal glands. 
The other patient is alive two years after opera- 
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tion. His insulin requirement is 12 units of 
protamine insulin daily instead of 80 units of 
protamine insulin. His diabetic state is reported 
as less erratic and more stable. He requires 
replacement therapy consisting of cortisone, 
desoxycorticosterone acetate, desiccated thyroid 
and testosterone. 


SUMMARY 


The Houssay phenomenon, so clearly de- 
scribed in experimental animals, has been seen 
but rarely in man. A study of this phenomenon 
in man has been made from the review and 
follow-up of the eleven cases previously reported 
in the literature and from recent observations 
upon three individuals who exhibited this phe- 
nomenon. This condition, when it occurs, usually 
involves individuals who have had diabetes 
mellitus for a considerable time. It is caused 
usually by infarction of the anterior lobe of the 
pituitary gland. One of the first effects of the 
anterior pituitary insufficiency is hypoglycemia. 
It follows within twenty-four hours after the 
infarction occurs. In these individuals the 
hypoglycemia is manifested by bizarre and 
rapidly changing neurologic signs associated 
with unconsciousness. These individuals exhibit 
extreme sensitivity to administered insulin. 
Those surviving the acute phases of this illness 
began within a month or two to exhibit the 
clinical manifestations of deficiencies of thyroid, 
adrenal and gonadal hormones. Diabetes in these 
individuals is by no means cured but only 
ameliorated for the diabetic tendency remains, 
although the symptoms of diabetes disappear, 
glycosuria decreases and the level of sugar in the 
blood approaches the normal level. The response 
to the stress of intravenously administered 
glucose is still diabetic in type. Continued 
administration of insulin to these individuals is 
sometimes required but the “Houssay man" is 
quite as sensitive to insulin as the “Houssay dog," 
and hypoglycemia is always a threat to life. 


Acknowledgment: We wish to thank Dr. James 
Bordley, nr, for his permission to publish his 
case. 
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TEROID hormones and castration are suc- 
cessfully employed in the palliative maa- 
agement of advanced carcinoma of the 

breast.!~4 Objective improvement occurs in that 
primary and metastatic lesions decrease in size 
or disappear, and distressing subjective symo- 
toms diminish in intensity. 

In conjunction with an investigation of the 
clinical and pathologic alterations in advanced 
breast carcinoma associated with steroid hcr- 
mone therapy, the accompanying metabolic and 
biochemical changes were investigated. It was 
apparent that such studies would aid in tae 
interpretation of the mechanisms of action of tae 
agents employed, as well as serve as a guide to 
therapy. This report comprises a record and 
interpretation of the biochemical alterations 
observed during hormone therapy of advanced 
breast cancer, and an evaluation of their use in 
the management of these patients. 

Of the patients investigated, a small number 
were studied intensively on a metabolic ward ;*-? 
the majority were studied in the Tumor Clinic. 
Large doses of androgenic or estrogenic hor- 
mones were administered following preliminzry 
observations. No vitamins, iron or other treat- 
ment was given, nor were more definitve 
methods of therapy, such as irradiation, em- 
ployed during the period of study. Blood cbemi- 
cal determinations were performed at intervals 
of three days to four weeks, the analytic methods 
being those employed in the chemical labora- 
tories of the Massachusetts General Hospital ? 


CALCIUM 


Initial Serum Calcium. Initial or pretreatment 
serum calcium determinations were obtained in 


111 patients. Hypercalcemia was considered to 
be presert when the serum calcium exceeded 
11.0 mg. per cent, as was the case in eight 
patients (7.2 per cent). (Table 1.) Of the 111 pa- 
tients, osseous metastases were demonstrated in 
fifty patients, of whom six (12 per cent) had hy- 


TABLE I 
INITIAL ‘PRETREATMENT) SERUM CALCIUM VALUES" 


Serum Calcium | Osseous | Soft Tissue Total 
(mg. %) Lesions | Lesions Only| Patients 

Below 8.0......... 0, 1 1 
8.0-9.0........... 8 9 17 
9.0-10.5.......... 35 49 84 
10.51 0 es ee we 1 0 1 
Over 11.0......... 6 2 8 

Total. uc ves 50 61 111 


* Normal serum calcium; 8.5 to 10.5 mg. per cent. An 


- initial *spcntaneous" hypercalcemia was present in 12.0 


per cent of the patients with known osseous metastases. 


' percalceraia. In two patients with elevated serum 


calcium, osseous metastases were not detected on 
roentgen examination. In one of these patients 
the serum calcium initially was 15.9 mg. per cent 
and skeletal pain was present; the serum calcium 
decreased and the pain disappeared on institu- 
tion of androgenic hormone therapy. Both pa- 
tents died soon after the onset of hormone 
therapy from progression of the disease. Post- 
mortem examination revealed extensive osseous 
metastases in both instances. In no patient with 
hypercalcemia was there elevation of the serum 
protein. Marked hypocalcemia was not en- 
countered in this study. 


* From the Medical Laboratories of the Collis PF. Huntington Memorial Hospital of Harvard University and the 
Tumor Clinic at the Massachusetts General Hospital, Boston, Mass. This is publication No. 845 of the Cancer Com- 
mission of Harvard University. This work was suppcrted in part by an institutional grant to the Massachusetts Gen- 
eral Hospital from the American Cancer Society anc a grant from the National Cancer Institute of the U. S. Public 


Health Service. 


T Present address: Department of Medicine, University Hospitals, Minneapolis, Minn. 


t Deceased. 
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Serum Calcium during Hormone Therapy. Altera- 
tions of the serum calcium were observed in 
ninety-three patients over a period of several 
months during estrogenic or androgenic hor- 
mone therapy. (Table m.) A decrease of more 
than 1.0 mg. per cent in the serum calcium 


"'TABLE II 
SERUM CALCIUM ALTERATIONS OF MORE TEAN 1.0 MG. PER 
CENT DURING STERO.D HORMONE THERAPY 





O Soft 
Hormone Serum o Tissue | Total 

Employed | Calcium ( gionis Lesions | Patients 
Decreased 4 2 6 
Androgen No change 16 7 23 
Increased 6 ii 7 
Decreased 2 7 9 
Estrogen No change 13 92 45 
E. Increased 2 17 3 
Decreased 6 9 15 
Total No change 29 39 68 
Increased 8 2 10 
Total 93 


* Remained within normal range. 


was noted in fifteen patients with and without 
demonstrable osseous metastases. No significant 
hypocalcemia was encountered. All the patients 
who exhibited pretreatment hypercalcemia 
demonstrated a marked decrease of serum 
caleium to normal levels. There was no ac- 
centuation of existing hypercalcemia. 

len of the ninety-three patients had an 
increase of serum calcium of more than 1.0 mg. 
per cent during hormone therapy. Eight of these 
had demonstrable osseous metastases. Seven 
patients developed serum calcium levels over 
11.0 mg. per cent and demonstrated the char- 
acteristic syndrome of “induced hypercal- 
cemia.”® Clinically this consisted of apathy, 
anorexia, nausea, vomiting and drowsiness. 
Weight loss, dehydration, disorientation, stupor. 
coma, vascular collapse and death may occur 
with severe hypercalcemia. Laboratory studies 
of the “induced hypercalcemia” state revealed 
an increase in serum and urinary calcium and a 
negative calcium balance. No elevation of serum 
protein accompanied this change. 

There was no significant alteration of serum 
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calcium in sixty-eight patients during hormone 
therapy. 


PHOSPHORUS 


Initial Serum Phosphorus. The serum phos- 
phorus was recorded in 113 patients before 


TABLE HI 
INITIAL SERUM PHOSPHORUS VALUES (PRETREATMENT) * 


Serum 
Phosphorus 


(mg. %) 


Osseous | Soft Tissue 


Lesions | Lesions Only | Patients 


Below 3.0......... 
FON Sa wor ohne 





* Normal serum phosphorus, 3.0 to 4.5 mg. per cent. 
The two patients with values over 6.0 mg. per cent had . 
normal serum calcium and NPN results. The highest 
value was 6.8 mg. per cent, the lowest 2.2 mg. per cent. 


TABLE IV 
PHOSPHORUS ALTERATIONS OF MORE THAN 1.0 MG. PER 
CENT DURING STEROID HORMONE THERAPY " 














Hormone Serum Osseous dn Total 

Employed | Phosphorus | Lesions jns Patients 
Decreased 15 2 17 
Androgen | No change; 5 2 7 
Increased 3 0 3 
Decreased 10 27 37 
Estrogen No change 7 15 22 
Increased 0 0 0 
Decreased 25 29 54 
Total No change 12 17 29 
Increased 3 0 3 





* A decrease occurred in 62.8 per cent. 


hormone therapy was instituted. (Table m.) 
Only fourteen had a phosphorus level over 
4.5 mg. per cent. Two of these patients had an 
associated hypercalcemia. However, the two 
patients with values over 6.0 mg. per cent had 
normal serum calcium levels though osseous 
metastases were present. In patients with an 
elevated serum phosphorus, the serum non- 
protein nitrogen was normal. Hypophospha- 
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temia of less than 3.0 mg. per cent was noted in 
twenty-three patients, the lowest level being 
2.2 mg. per cent. 

Serum Phosphorus during Hormone Therapy. An 
initial increase in the serum phosphorus of more 
than 1.0 mg. per cent occurred in three of 
eighty-six patients during steroid hormone 
therapy. (Table 1v.) These patients were receiv- 
ing testosterone. There was no evidence of renal 
disease or hypercalcemia, although each of the 
patients in question had osseous metastases. Nc 
increase in serum phosphorus was noted during 
the early period of estrogenic therapy. 

A decrease in serum phosphorus of more thar. 
1.0 mg. per cent occurred in fifty-four (62.8 per 
cent) patients during the administration of 
hormones. (Table rv.) Of these patients, twenty- 
seven receiving estrogenic hormone and two 
receiving androgenic hormone had no demon- 
strable osseous metastases. In one patient 
exhibiting the “induced hypercalcemic syn- 
"drome" there was an increase in urinary 
phosphorus, decrease of serum phosphorus and 
an increase in serum and urinary calcium. 


ALKALINE PHOSPHATASE 


Initial Serum Alkaline Phosphatase. Serum alke- 
line phosphatase determinations were carried 
out in 110 patients before hormone therapy wes 
instituted. Of the forty-seven patients in whom 
osseous metastases were known to be present, 
twenty-eight (59.6 per cent) had alkaline phos- 
phatase values over 4.5 Bodansky units (B.U.), 
and nineteen (40.4 per cent) had values over 
6.0 B.U. One patient in the latter group had 
extensive liver metastases which probably ac- 
counted for the elevated phosphatase. (Table v.) 

There were sixty-three patients in whom ro 
osseous metastases could be detected on roentgen 
examination and who had no clinical manifesta- 
tions of bone involvement. The alkaline phcs- 
phatase was elevated above 4.5 B.U. in thirty- 
seven (57.4 per cent) of these patients, ar.d 
twenty-two (34.9 per cent) had values over 
6.0 B.U. Of this latter group, six patients mari- 
fested osseous metastases by x-ray or clinical 
signs within a few weeks, five had enlarged 
livers due to metastases, and two later mani- 
fested hepatic metastases by enlargement of the 
liver. Two patients with primary tumors of tae 
breast had extensive Paget's disease of the boae 
associated with unusual high alkaline phos- 
phatase values. In the remaining seven patients 
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no explanation for the elevated alkaline phos- 
phatase was found. 

Serum Alkaline Phosphatase during Hormone 
Therapy. The alkaline phosphatase was deter- 
mined serially in ninety-eight patients during 
hormone therapy. (Table vr) A decrease in 


TABLE V 
INITIAL (PRETREATMENT) ALKALINE PHOSPHATASE VALUES * 


| 
Alkaline 


Osseous Soft Tissue Total 
Phosphatase Metastases | Metastases | Patients 
(B.U.) 
Normal......... 19 26 45 
4.5-6.0......... 9 15 24 
Over 6.0........ 191 221 41 
Tatah coco cat 47 63 110 


* Normal serum alkaline phosphatase 2.0-4.5 Bo- 
dansky units per cent, 

t One of these had associated liver metastases which 
partially accounted for the increase. 

I Of these, six patients manifested osseous metastases 
within a few weeks, five had enlarged livers due to 
metastases, two later manifested hepatic metastases, 
and two had extensive Paget's disease of the bones. 


phosphatase level of more than 2 B.U. occurred 
in twelve patients. There was no apparent 
correlation with the presence or absence of 
osseous metastases or the hormones employed. 
One twenty-seven year old woman with liver 
metastases, however, demonstrated a decrease in 
size of an enlarged liver and a decrease in serum 
alkaline phosphatase during androgen therapy. 

An increase in serum alkaline phosphatase of 
more than 2 B.U. during hormone therapy 
occurred in twenty-four (53.3 per cent) of the 
forty-five patients with demonstrable osseous 
metastases. In only one of these was this due to 
the presence of obvious hepatic metastases. The 
increase in alkaline phosphatase activity usually 
occurred during the first three months of 
therapy, and after four months tended to 
decrease, sometimes to pretreatment levels. In 
one such patient the unusually high value of 
71.2 B.U. was recorded shortly after the. onset of 
therapy. The increase in serum alkaline phos- 
phatase was associated with evidence of apparent , 
healing of the osseous lesions, consisting of 
calcification of previously osteolytic lesions or a 
more normal appearing osseous structure. 
Excluding patients with hepatic involvement, of 
those patients with osseous metastases who had 
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an elevation in serum alkaline phosphatase, 
65 per cent (fifteen patients) demonstrated 
evidence of bone repair. (Table vu.) This is 33 
per cent of the forty-five patients treated, a 
slightly higher incidence of bone repair than the 
23 per cent recorded in a larger series.? 

TABLE VI 


ALTERATIONS OF MORE THAN 2 B.U. IN SERUM ALKALINE 
PHOSPHATASE DURING STEROID HORMONE THERAPY 


Alteration 
of Alkaline S 
Phospha- | Osseous ont 
Hormone rase Metas: Tisste Total 
Employed Gee feces Metas- | Patients 
than = 
+2 BU, 
Decreased 37 1 4 
Androgen | No change 7 6 13 
Increased 141 If 15 
Decreased 3 5 8 
Estrogen No change 8 31 39 
Increased 10 9t 19 
Decreased 6 6 12 
Total of No change 15 37 52 
both Increased 24 10 34 
hormones eaaa eaii 
Total 45 53 98 


* One patient of this group had liver metastases that 
decreased in size during testosterone therapy. 

T One patient in each of these groups developed liver 
metastases during hormone therapy that continued to 
increase in size. 

{In five patients liver metastases continued to in- 
crease in size during therapy to account for tais increase, 
and in 4 patients osseous metastases became manifest 
during hormone therapy. 


An elevation of the serum alkaline phos- 
phatase during hormone therapy occurred in 
ten of fifty-three patients in whom no osseous 
metastases were demonstrated. Of these patients, 
six had progressive enlargement of the liver due 
to metastases. In the remaining four patients 
osseous metastases of an osteoblastic type were 
recognized by x-ray during the course of hor- 
mone therapy. Presumably osseous metastases 
were present in these four patients prior to the 
institution of hormone therapy. As the result of 


. - regression of the tumor and recalcification of the 


area, dense areas became visible in x-ray films. 
ACID PHOSPHATASE 


Elevation of the serum acid phosphatase in 
metastatic carcinoma of the prostate has been 
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shown to be of diagnostic ard clinical value. 
With tumors other than prostatic carcinoma, 
an increase of serum acid phosphatase activity 
is occasionally encountered, most frequently in 
carcinoma of the female breast with osseous 
metastases, !? Such an increase was noted in the 


TABLE Vit 
CORRELATION OF THE INCREASE IN SERUM ALKALINE 
PHOSPHATASE WITH RESPONSE OF OSSEOUS LESIONS 
DURING HORMONE THERAPY OF ADVANCED BREAST 
CANCER WITH OSSEOUS METASTASES 


I nt 
Progres- No Ree 
Hormone sion Change 
Employed : et : S Moder- | Excel- 
Disease | Disease 
ate lent 
Testosterone (13 
patients)... .. 4 S ae 4 5 
30.7% 30.7% 38.4% 
La aa or all 
69.1% 
* Estrogen (10 
patients)..... 3 1 2 4 
30% 10% 20% 40% . 
aana pene 
60% 


present study in patients with osseous metastases. 

Acid phosphatase values were determined in 
the sera of forty-three women with carcinoma 
of the breast, twenty-seven of whom showed 
osseous metastases by x-ray examination. Twenty 
of this latter group had acid phosphatase values 
over 3.0 Gutman units per cent, while those 
without osseous lesions showed normal values. 
The sera of thirty other women gave values 
below 3.0 units per cent, except those with 
parathyroid adenomas or Paget’s disease. 

Two patients demonstrated an unusual altera- 
tion of serum acid phosphatase during the 
administration of testosterone propionate. Pa- 
tient J. W. was a sixty-five year cld woman with 
extensive osseous metastases studied on the 
metabolic ward. Initial studies revealed: serum 
calcium 8.9 mg. per cent, phosphorous 3.9 mg. 
per cent, alkaline phosphatase 10.2 Bodansky 
units and acid phosphatase 7.8 Gutman units 
per cent (normal values 1 to 3 units per cent). 
Testosterone propionate, 100 mg. intramuscu- 
larly, was administered three times a week. At 
the end of one month the serum alkaline phos- 
phatase was 5.8 B.U. and the acid phosphatase 
13.0 Gutman units. At the end of the second 
month the serum alkaline phosphatase was 
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5.9 B.U. and the acid phosphatase 9.3 Gutman 
units. Throughout this period there was con- 
tinued progression of the tumor as manifested by 
increased bone destruction. There was no 
alteration of the serum calcium or phosphorus. 
Near the end of the third month of therapy an 
"induced" hypercalcemia developed. The serum 
calcium was 16.0 mg. per cent, serum phos- 
phorus 3.2 mg. per cent, alkaline phosphatase 
8.9 B.U. and acid phosphatase 5.7 Gutman units 
per cent. A second patient had an increase from 
5.0 units of acid phosphatase activity to 7.6 units 
during testosterone therapy. This also was 
associated with progression of the disease and an 
accompanying induced" hypercalcemia of 
13.0 mg. per cent. 


NON-PROTEIN NITROGEN 


The serum non-protein nitrogen (NPN) was 
employed as a gross measure of renal function. 
Of seventy-two patients studied, the NPN was 
elevated initially in only two patients (2.7 
per cent). In one of these the elevation of 
48 mg. per cent was due to dehydration, and 
became normal following hydration. In the 
other patient with a value of 54 mg. per cent 
there was an associated spontaneous hyper- 
calcemia. Following initiation of testosterone 
propionate therapy in this case the serum 
calcium and serum NPN became normal. 

During hormone therapy an elevation of the 
NPN was noted in two circumstances: (1) the 
occurrence of hypercalcemia was accompaniec 
by dehydration and a rise in serum NPN. In 
some of these patients the hypercalcemia and 
resultant hypercalciuria caused a deposition of 
calcium in tissues and renal tubules. In one pa- 
tient this was followed by permanent renal 
damage. (2) One patient with extensive ab- 
dominal metastases demonstrated a rapid 
increase of the NPN because of obstruction cf 
both ureters by carcinoma. 


LIVER FUNCTION TESTS 


A limited number of liver function tests were 
performed prior to and during the period of 
hormone therapy. The purpose of these tests was 
to observe changes that might occur with tke 
unusually high doses of estrogenic and andro- 
genic hormones employed, and to determine 
whether any of the tests would be of value in 
guiding hormone therapy. It was not the intent 
to use these determinations as diagnostic 
procedures for establishing the presence of liver 
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metastases. Since the patients studied had 
widespread metastatic carcinoma, it is to be 
presumed that many had hepatic metastases 
which may have been minimal in extent. Evalua- 
tion of the changes of such lesions during 
hormone therapy would be difficult. For investi- 
gational purposes only those patients with 
obvious hepatic metastases were studied with 
respect to liver function changes during hormone 
therapy. T | 

The liver function tests most frequently em- 
ployed were the estimation of serum proteins, 
the cephalin flocculation test and the serum 
alkaline phosphatase. The van den Bergh test 
was not routinely employed because it appeared 
to be a gross test of liver function in patients 
with metastases to the liver and, if elevated, was 
associated with the obvious presence of hepatic 
metastases. Dye excretion tests, such as the 
bromsulfalein test, were not employed since 
even in the presence of hepatomegaly due to 
neoplasüc disease they do not distinguish 
between the presence and absence of liver 
metastases. !! 

Serum Proteins. Of seventy-eight patients, the 
initial (pretreatment) serum total protein was 
normal in sixty-nine or 88.4 per cent of the 
patients. Values below 6.0 gm. were recorded in 
five patients. Four of these had ascites or pleural 
effusion, and one had extensive carcinomatous 
disease. The lowest value was 5.0 gm. per 
cent. An elevation of the serum protein was 
noted in four patients, including one with 
extensive hepatic metastases. 'The highest value 
was 8.6 gm. per cent. None of the patients with 
an elevated serum protein had an associated 
hypercalcemia. 

During hormone therapy no increase in the 
serum total protein was observed. No patient in 
whom the “induced hypercalcemic syndrome" 
developed had an .associated increase of the 
serum total protein. Only two patients demon- 
strated a significant decrease in total protein; 
the lowest value being 4.3 gm. per cent. Both 
patients had rapid progression of the disease 
during this period. Patients in a terminal state 
and not receiving hormonal therapy were not 
studied. 

Cephalin Flocculation Test. In forty-four pa- 
tients the forty-eight-hour cephalin flocculation 
test was carried out before hormone therapy 
was initiated. This test was normal in forty-one 
patients, although three of these had enlarged 
livers due to metastases. The cephalin floccula- 
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tion was 3-plus-:in three patients, two of whom 
had a palpable liver due to metastases. The other 
patient had no other evidence of hepatic 
disease during the ensuing two years. 

The three patients with liver metastases 
demonstrating a normal cephalin flocculation 
test, and four others in whom liver metastases 
developed during hormone therapy, had no 
increase in flocculation in subsequent cephalin 
flocculation tests. Patients without liver metas- 
tases showed no alteration in the test during 
hormone therapy. 

Van den Bergh Test. In fifteen patients serial 
serum bilirubin determinations were made. 
Only one was elevated initially, and this patient 
had a palpable liver and was clinically jaundiced 
within a week. Three patients with enlarged 
livers due to metastases initially had normal 
van den Bergh tests. Despite hormone therapy 
the disease progressed and the serum bilirubin 
became elevated. In eleven patients who did not 
have apparent liver metastases, there was no 
alteration of the van den Bergh test during 
hormonal therapy. 

An increase in serum bilirubin occurred in 
association with hypercalcemia in three pa- 


tients. Values of 1.8, 2.5 and 2.8 were recorded 


at the peak of the “induced hypercalcemic 
syndrome.” There was no evidence of hepatic 
failure. 

Alkaline Phosphatase. ‘The alteration of serum 
alkaline phosphatase that occurrs in association 
with osseous metastases and during hormonal 
therapy has already been described. The serum 
alkaline phosphatase is also an index of liver 
function in the absence of osseous lesions, and on 
occasion may be of value despite the presence 
of osseous metastases. 

The serum alkaline phosphatase was elevated 
initially in five patients with extensive metas- 
tases without demonstrable osseous lesions. 
In only one of these (J. M.) were the cephalin 
flocculation and van den Bergh tests both ab- 


normal. In all five patients an increase of 


alkaline phosphatase occurred during hormonal 
therapy as the disease steadily progressed. 
(Table vu.) i 

In two patients with associated osseous lesions 
there was excellent objective improvement of the 
disease during hormone therapy in that the liver 
decreased in size and osseous lesions were more 
normal on x-ray examination. In one of these 
(E. K.) the initial alkaline phosphatase was 
normal, and the slight rise noted during hor- 
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mone therapy was regarded as due to the in- 
creased osteoblastic activity of bone repair. The 
other patient (Y. L.) with aa initial value of 
9.2 B.U. had a decrease in alkaline phosphatase 
to 5.7 B.U. during hormone therapy. This was 
postulated as due to a decrease in liver damage, 


TABLE VIII 
SERUM ALKALINE PHOSPHATASE (B.U.) IN PATIENTS WITH 
KNOWN LIVER METASTASES PRIOR TO AND DURING 
HORMONE THERAFY 





Patient Age Osseous Pre- During 
(yr.) | Metastases | treatment | Treatment 
E.K. | 29 F 3.4 6.7 
Y. L. 27 + 9.2 Sef 
H.L. | 56 0 6.3 39.6 
J. M. 61 0 24.6 42.6 
A. P. 53 0 15.8 26.5 
M.S. | 42 0 21.5 47.0 
A. S. 33 0 36.4 48.6 


but with a value above normal as a result of 
osteoblastic activity of bone repair. 


HEMATOPOIETIC SYSTEM 


The administration of androzenic and estro- 
genic hormones to patients with advanced breast 
cancer produced alterations in the hematopoietic 


TABLE 1X 


ALTERATION OF HEMOGLOBIN DURING HORMONE THERAPY 
OF ADVANCED BREAST CANCER 


De- No In- l 


x d crease | Change | crease Ee 
PASOS >2gm.| t2gm.| >2 gm. Snes 
Estrogen 
Number of 
patients.... 6 32 4 42 
Per cent..... 14.2 76.2 9.5 = 
Androgen 
Number of 
patients.... 0 17 16 33 
Per cent. .... 51.5 48.5 


system. Of note were those changes observed in 
the hemoglobin, red blood cell count and 
hematocrit. (Table rx.) The alterations of the 
latter two mirrored those of the hemoglobin. 
Repeated blood examinations of forty-two 
patients receiving estrogenic hormones showed 
that in 76.2 per cent (thirty-two patients) the 
hemoglobin varied less than plus or minus 2 gm. 
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Six patients (14.2 per cent) had a decrease of 
more than 2 gm. during therapy and this was 
associated with progression of the disease. 
Four patients (9.5 per cent) had an increase of 
more than 2 gm. in the hemoglobin. Three of 
these patients had extensive osseous metastases. 
All four patients had striking clinical improve- 
ment as a result of hormone therapy. The highest 
values recorded were a hemoglobin of 15.4 gm. 
and 6.8 million red blood cells. In one patient 
with osseous metastases which improved, the 
hemoglobin rose from 6.4 to 12.0 gm. In the 
patients with an increase in hemoglobin and red 
blood cell count, the bone marrow activity was 
within normal limits. 

Androgenic hormone therapy was associated 
with an unusual alteration in erythropoietic 
activity. Of thirty-three patients receiving 
androgen therapy, seventeen (51.5 per cent) 
had a decrease of the hemoglobin of not more 
than 1.0 gm. or an increase of less than 2.0 gm. 
No patient had a decrease of more than 1.0 gm. 
despite progression of the tumor. Sixteen pa- 
tients (48.5 per cent) had an increase of hemo- 
globin of more than 2.0 gm. This increase was 
not necessarily accompanied by improvement 
of the disease nor could it be correlated with 
the presence or absence of osseous metastases. 
‘There was an apparent dissociation between the 
clinical course of the tumor and the increase in 
red blood cell activity which appeared. The 
highest value recorded was a hemoglobin of 
18.0 gm., 6.5 million red blood cells and a 
hematocrit of 59 per cent. The greatest increase 
in any one patient was from 11.3 to 18.0 gm. 
of hemoglobin. These changes appeared to be a 
result of hormone therapy. No transfusions. 
iron or supplemental vitamins were admin- 
istered. Bone marrow aspirations revealec 
hyperplasia of the erythrocyte series. 

The increase in erythrocyte activity on ad- 
ministration of large doses of androgen therapy 
was accompanied by unusual clinical signs. 1?! 
The complexion, especially the skin of the face 
and anterior neck, of patients treated over a 
long period became ruddy and flushed. Injec- 
tion of the conjuctiva was present. Although the 
flushing and ruddiness would disappear in a few 
days after discontinuing androgen therapv, th: 
hemoglobin remained elevated for longer periods 
of time. The high values, however, were nct 
maintained indefinitely. 

In one patient who received ethinyl estradicl 
and then testosterone propionate there was an 
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increase in the hemoglobin from 6.4 to 18.0 gm., 
and an increase of red blood cells from 2.4 to 
5.9 million per cu. mm. This was accompanied 
by improvement of the osseous lesions. 


COMMENTS 


Significant biochemical and metabolic changes 
have been observed during administration of 
sex steroid hormones in patients with metastatic 
carcinoma of the breast. The alterations noted 
further clarify the mechanisms of tumor regres- 
sion occurring during hormone therapy, and 
allow selection of specific biochemical deter- . 
minations as therapeutic guides in the manage- 
ment of such therapy. 

Pathologic examination of tumor masses 
undergoing regression during hormone therapy 
revealed the immediate cause of softening of the 
tumors to be a loosening of the connective tissue 
surrounding tumor cells. Collagenous stromal 
bands were reduced to narrow tangled fibrous 
strands separated by wide interspaces. The 
widened interspaces contained altered cancer 
cells, infiltrating plasma cells and lymphocytes, 
and a tangle of delicate fibrils. Concurrently 
with this loosening of stroma, tumor cells 
degenerated and disappeared. The process 
of loosening reversed and fibrosis of the area 
occurred with accumulation of mature collagen. 
During this later process elastic tissue fibers 
were deposited over large areas. Osseous lesions 
undergoing regression further demonstrate the 
formation of new bone. The histologically more 
differentiated tumors and the clinically more 
slowly growing tumors appeared more respon- 
sive to hormone therapy.1*:!5 

X-ray examinations of osseous metastases 
initially revealed osteolytic lesions in most 
instances. In patients with a clinically slower 
progressing tumor a small rim of increased 
density is noted about the osteolytic (osteo- 
clastic) lesions and appears to represent an 
attempt at bone repair (osteoblastic activity). 
Occasionally, the lesions are largely of increased 
density and are referred to as osteoblastic 
metastases. These appear to be slower growing 
lesions, sufficient time elapsing to allow an 
intense reparative reaction to occur about and 
within the metastasis. In patients in whom there 
is no improvement during hormone therapy the 
osteolytic lesions continue to increase in size and 
extent. In those patients demonstrating improve- 
ment as a result of therapy, the metastatic lesions 
become dense (osteoblastic repair with calcifica- 
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tion) or the bones appear to be normal in 
structure. Relative differences in the degree of 
repair are noted in patients with less striking 
improvement; in many, both continued progress 
of osteolytic metastases and the formation of 
osteoblastic (repaired) lesions are present. 

Such reparative or progressive processes noted 
on x-ray and pathologic examination were 
correlated with the biochemical determinations 
observed. 

Calcium. It is recognized that the processes of 
bone formation (osteoblastic activity) and bone 
reabsorption (osteoclastic activity) occur simul- 
taneously in the normal individual. The presence 
of osseous metastases disrupts this normal pattern 
in the areas of the tumor, and this disruption is in 
part manifested by alterations of calcium 
metabolism. Varying degrees of elevation of the 
serum and urinary calcium have been observed 
to occur in patients with cancer in association 
with osseous metastases. Such ircreases are 
found particularly in patients with breast 
cancer, in which the lesions are predominantly 
osteolytic. In patients with extensive metas- 
tases or a rapidly growing tumor the bone 
destruction is so great as to result in excessive 
release of calcium from the bone and marked 
increase in serum calcium levels occur. The 
"spontaneous hypercalcemia syndrome" is in- 
variably accompanied by characteristic signs 
and symptoms. Intermediate variations in the 
clinical and chemical findings are more com- 
mon, and the symptoms and signs are usually 
subtle or absent. The diagnosis in such instances 
is as a rule made only by laboratory studies. In 
patients in whom this syndrome is severe or long- 
standing, calcium deposition may occur in 
various tissues and in the renal tubules, result- 
ing in uremia and at times irreversible renal 
damage. It was in this respect that non-protein 
nitrogen determinations were of value in ob- 
serving the patient’s course. 

In the present study untreated patients with 
osteolytic metastases had a normal or elevated 
serum calcium. Low values were not en- 
countered. Spontaneous hypercalcemia occurred 
in 12 per cent of patients demonstrating osseous 
metastases by x-ray examination. In two patients 
hypercalcemia preceded the detection of osseous 
lesions by x-ray examination. It would appear 
that hypercalcemia in the untreated patient 
with advanced cancer of the breast is indicative 
of osseous metastases although not demonstrable 
on roentgenologic examination, and that the 
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presence of active breast cancer without osseous 
involvement has no direct effect on the calcium 
metabolism. 

In no patient with hypercalcemia was there 
elevation of the serum protein; hence, the in- 
crease in serum calcium apparently was not due 
to an increase in the protein-bound fraction. 

The presence of breast cancer elicits a primary 
attempt at repair by the host,!*!5 and bone at the 
site of metastases may exhibit increased osteo- 
blastic activity. However, if the rate of cancer 
growth and bone destruction is rapid, osteolysis 
may be sufficient to cause hypercalcemia. 

Observation of the serum calcium during 
steroid hormone therapy aided in evaluating the 
effect of such therapy on the tumor. In patients 
with initial “spontaneous” hypercalcemia the 
serum calcium decreased to normal values. It 
is presumed that excessive osteolysis of bone due 
to tumor was inhibited. The regression of tumor 
growth apparently resulted in decreased bone 
breakdown, increased osteoblastic activity, new 
bone formation, increased calcium deposition, 
and hence a decrease in serum calcium and 
urinary calcium excretion. The presence of 
hypercalcemia is not a contraindication to the 
institution of steroid hormone therapy. In some 
instances the decrease of serum calcium may 
be a direct effect of the hormone on calcium 
metabolism, as recorded in other bone disease. 
No hypocalcemia was detected. 

A condition referred to as the “induced 
hypercalcemia syndrome” occurred in a limited 
number of patients.® This syndrome, manifested 
by drowsiness, anorexia, nausea, vomiting, 
dehydration, stupor and coma, may terminate 
fatally. Close observation of the patient receiving 
hormone therapy is necessary so that corrective 
therapy can be instituted early. In our experi- 
ence no patients clinically free of skeletal 
metastases have developed hypercalcemia dur- 
ing hormonal therapy. Estragenic hormones 
seldom produced hypercalcemia in patients with 
osseous metastatic lesions whereas. the occur- 
rence of this syndrome during androgenic 
therapy, although infrequent, was more com- 
mon. With the use of either hormone the 
development of the symptoms described in pa- 
tients with demonstrable osseous metastases 
from breast cancer should be considered as 
presumptive evidence of impending hyper- 
calcemia, even though the laboratory findings 
are within normal limits. 

A clear explanation of this phenomenon is not 
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avallable. Investigations suggest several possi- 
bilities: (1) an initial acceleration of tumor 
growth with rapid bone destruction resulting 
in hypercalcemia and hypercalciuria, (2) inter- 
ference by the hormones of the spontaneous 
attempt at bone repair, or breakdown of tumor 
barriers, (3) a direct effect of the hormones on 
calcium metabolism, (4) a similarity in the 
alterations to that of parathyroid hormone 
with an increase of urinary phosphorus, hypo- 
phosphatemia, hypercalcemia and hypercal- 
curia, ^? and (5) immobilization. 

Phosphorus. ‘The estimation of serum phos- 
phorus was important initially only in reference 
to later hormone therapy and evaluation of 
progress of the disease, rather than as a diag- 
nostic aid. The serum phosphorus initially was 
elevated above 6 mg. per cent in only twc 
patients with osseous metastases. Neither hac 
hypercalcemia or renal disease. With excessive 
bone destruction an increased serum phosphorus 
might be expected, usually in association with < 
high serum calcium. Hypophosphatemia was 
present in twenty-three patients. Secondarv 
parathyroid hyperplasia might conceivably be 
present in those patients with osseous metastases, 
but the low levels in patients without demon- 
strable osseous lesions are not explained. A lov 
serum phosphorus has been detected previously 
in patients with advanced skeletal metastases or 
cachexia.!* 

A. decrease of serum phosphorus of more than 
1.0 mg. per cent occurred in fifty-four patients 
(62.8 per cent) during hormone therapy. As a 
rule this decrease was maintained as long as the 
tumor was controlled or the hormone admin- 
istered. The fall in serum phosphorus durinz 
endocrine therapy might be due to a reduction 
in the rate of bone destruction. This may 
be true with testosterone therapy. However, 
twenty-seven patients receiving estrogenic hor- 
mone and in whom no osseous metastases were 
demonstrated also had a reduction of serum 
phosphorus; patients without osseous metastases 
manifested a decrease in serum phosphorus as 
frequently as those with osseous lesions. The 
fall in serum phosphorus does not appear to ke 
solely an effect of the treatment on the metastatic 
tumor, since in patients with postmenopausal 
osteoporosis the serum phosphorus fell in almost 
all instances when estrogens were administered. 
There was no correlation between the fall in 
serum phosphorus and the initial clinical 
response of the tumor during hormone therapy. 
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Furthermore, no significant correlation could 
be made between the decrease in serum phos- 
phorus and the development of fluid retention. 
In the absence of similar decrease of . other 
chemical components it would appear that this 
phenomenon is not the result of increased body 
fluid and resultant hemodilution. 

In one metabolic study of a patient with 
extensive osseous metastases the alterations 
noted were similar to those that occur with the 
administration of parathyroid hormone; that is, 
an initial increase in urinary phosphorus, fall 
in serum phosphorus, rise in serum calcium and 
an increase in urinary calcium.9? This pa- 
tient demonstrated the “induced hypercalcemic 
syndrome.” 

It has been reported that during the adminis- 
tration of testosterone or estrogenic hormones to 
patients with active gigantism and active 
acromegaly, the elevated serum phosphorus 
Gecreased and the phosphorus balance became 
more positive. It was also noted that in the grow- 
ing child there is an elevation of serum phos- 
phorus which falls to the adult level shortly after 
the onset of puberty. It has been proposed that 
serum phosphorus may be an index of pituitary 
growth hormone production in human subjects, 
and that estrogen or testosterone inhibit the 
production of pituitary growth hormone.!? 
Postulation of a similar relation in breast cancer 
is possible and warrants further intensive 
investigation. 

In some patients whose tumor regressed dur- 
ing hormone therapy a rise in serum phosphorus 
occurred just prior to and during an exacerba- 
tion or progression of the tumor despite con- 
tinued hormone therapy. It has been possible 
to predict a forthcoming *'escape" of the tumor 
irom hormone therapy and subsequent progres- 
sion of the disease by this increase in serum 
phosphorus which may not be accompanied by 
hypercalcemia. 

Alkaline Phosphatase. It is clear that abnor- 
mally increased osteoblastic cell activity is 
accompanied by an elevated alkaline phospha- 
tase of the circulating blood, roughly propor- 
tional to the extent and intensity of the attempt 
at ossification.1® When. destructive (osteolytic) 
and reparative (osteoblastic) processes occur 
simultaneously, as in osseous metastases, the 
constructive process alone is reflected in the 
alkaline phosphatase activity of the blood serum. 
In tumors without bone or liver involvement 
the serum phosphatase activity is usually 
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normal.!$ The elevation of serum alkaline 
phosphatase in liver disease is a well defined 
entity. 

The alterations of serum alkaline phosphatese 
are a manifestation of both hepatic and ossecus 
changes. The distinction between these factors 
is necessary in interpreting the initial valves 
obtained, as well as in evaluating later changes 
during hormone therapy. The alkaline phos- 
phatase is.elevated during the processes of new 
bone formation or increased osteoblastic activ- 
ity. This activity is stimulated in part by tae 
ordinary strain or stress of mobilization. In 
patients with rapid destruction of bone due to 
breast cancer metastases an unsuccessful attemot 
at spontaneous" bone repair may occur. If the 
disease is slower growing, the normal defense 
mechanism of the body may attempt bone repeir 
(increased osteoblastic activity) about the site of 
the invading lesion, resulting in an increased se- 


rum alkaline phosphatase and a rim of increased | 


density about the lesion on x-ray examination. 
A similar change may occur in the presence of a 
pathologic fracture with repair. Of the patierts 
with osseous metastases, nineteen (40.4 per cent) 
had serum alkaline phosphatase levels above 
6.0 B.U. Only one of these had liver metastases. 
In those without demonstrable liver metastases, 
the values did not exceed 15 B.U., nor did they 
increase as rapidly as in patients with liver 
metastases. Since breast carcinomas with a 
lower degree of malignancy appear to respond 
favorably to hormone therapy, those patients 
with elevated serum alkaline phosphatase with- 
out liver involvement might be expected to do 
well. Outstanding regression of bone lesions 
occurred in twelve of the nineteen patients with 
elevated alkaline phosphatase levels. In two 
patients with Paget's disease of the bone, the 
serum alkaline phosphatase was higher (30 and 
24 B.U.) than that usually seen in patients with 
osseous metastases. 

In twenty patients without osseous metastases 
or Paget's disease, the serum alkaline phospha- 
tase was elevated over 6 B.U. Six of these patients 
manifested osseous metastases within a few 
weeks. In seven patients the increase in alkaline 
phosphatase activity was due to liver metastases 
that were already present or were manifest 
clinically soon thereafter; the degree o: elevation 
being from 10 to 36 B.U. The alkaline phospha- 
tase appeared to be the most sensitive guide for 
the detection of hepatic metastases. Elevation cf 
the serum alkaline phosphatase has been 
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described in patients with liver metastases even 
when there was no elevation of the serum 
bilirubin.?°~? It has been found that the extent 
of elevation and the frequency of these elevated 
values increase with the extent of the metastatic 
involvement of the liver.?^?? Since the tumor 
cells contain less than normal amounts of 
alkaline phosphatase, it is unlikely that these 
cells are the source of the enzyme.?* 

It is apparent that in patients with advanced 
cancer of the breast an elevation of the serum 
phosphatase may be indicative of hepatic 
metastases or osseous metastases even though 
lesions are not demonstrable on roentgen 
examination. 

During hormone therapy of patients with 
osseous metastases but without hepatic metas- 
tases, an increase of the serum alkaline phos- 
phatase was observed in 51.1 per cent. All the 
patients with osseous metastases who responded 
favorably to hormone therapy had an associated 
rise in the serum alkaline phosphatase. ‘here 
is no evidence that this was due to direct 
stimulation of osteoblastic activity. Previous 
studies in patients with postmenopausal osteo- 
porosis demonstrated no change in the serum 
alkaline phosphatase during estrogenic or 
androgenic hormone therapy.** This suggests 
that as a result of the decrease in size of the 
tumor attempts at bone repair (osteoblastic 
activity) has occurred. Furthermore, stimulation 
of normal tissue repair may occur, similar to 
that noted in the primary breast tumor under- 
going regression during hormone therapy. 4:15 In 
patients with widespread carcinoma of the 
breast without osseous lesions demonstrable 
by x-ray, the presence of such metastases may 
be presumed from the increase in serum alkaline 
phosphatase during hormone therapy. Relief of 
pain and appearance of osteoblastic lesions 
on x-ray are further evidence of the presence of 
such lesions. 

In eleven patients no reason could be assigned 
for the decrease of alkaline phosphatase that 
occurred. It may be postulated that the hormone 
agent employed impaired the normal reparative 
osteoblastic activity by stimulation of tumor 
growth. 

During hormone therapy progression of 
hepatic metastases was associated with a steady 
increase in serum alkaline phosphatase. In a few 
instances, when regression of the liver metastases 
occurred, the alkaline phosphatase decreased to 
normal values. If, however, osseous metastatic 
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improvement occurred concurrently, the alkaline 
phosphatase decreased but to a level above 
normal; the persistence above normal being the 
result of osteoblastic activity. 

An explanation for the elevation of alkaline 
phosphatase due to liver metastases has been 
.postulated.?* As the hepatic tumor mass en- 
larges, it compresses and distorts the surrounding 
hepatic tissue. The intrahepatic bile ducts near 
the mass are obstructed, leading to a bihary 
obstruction similar to that of ligation of minor 
extrahepatic ducts in animals, and the serum 
alkaline phosphatase increases. The greater the 
number of tumor nodules, the greater the num- 
ber of ducts obstructed; hence the higher the 
serum alkaline phosphatase. When a sufficien- 
number of ducts are blocked, jaundice occurs. 
Consequently, when hormonal therapy results 
in the reduction of tumor size, the biliary ducts 
are no longer obstructed and the alkaline 
phosphatase decreases. 

In the present investigation, as in previous 
studies, it would appear that the serum alkalinz 
phosphatase determination was the only liver 
function test employed that was of significant 
value in detecting liver metastases even in early 
stages. The presence of osseous lesions must be 
considered in evaluating this method of detectinz 
impairment of liver function. 

Acid Phosphatase. An increase in serum acid 
phosphatase was noted in patients with osseous 
metastases. Two patients demonstrated an 
increase in the acid phosphatase during hormone 
therapy, eventually associated with an “induced 
hypercalcemic syndrome.” 

Slight increases in serum acid phosphatase in 
hyperparathyroidism have been observed to fall 
promptly to normal values following removal 
of parathyroid adenomas. Since bone contains 
small amounts of acid phosphatase, it has been 
suggested that the “‘bone acid phosphatase”’ 
may be the origin of small increases in serum 
acid phosphatase in hyperparathyroidism. 
Similarly, it would appear that in patients wizh 
osseous metastases from breast cancer the 
increase in serum acid phosphatase during 
hormone therapy was due to an increased rate of 
bone destruction and mobilization of “bone 
acid phosphatase." The eventual development 
of hypercalcemia further supports this premise. 
The hormone administered presumably had 
no effect on the normal rate of progression of the 
disease, or stimulated the rate of tumor growth 
increasing the rate of bone destruction. 
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Liver Function Tests. Liver function studies 
were conducted to observe alterations that 
might occur as a resplt of intensive hormone 
therapy. No significant alteration of the serum 
total protein occurred. The changes noted were 
those anticipated in patients with extensive 
debilitating disease. The use of this test as a 
guide to hormone therapy of breast cancer does 
not appear to be of value. The cephalin floccula- 
tion test, although affected by the presence of 
liver metastases, did not appear to be of diag- 
nostic aid in ascertaining the presence of 
metastases until these lesions were easily 
demonstrable clinically. Despite the presence of 
extensive liver metastases, the van den Bergh 
test remained within normal limits, nor did hor- 
monal therapy alter the test. The serum bili- 
rubin became elevated only when extensive 
liver metastases were easily demonstrable clini- 
cally, and was not a useful guide for hormone 
therapy. The bilirubinemia that occurred during 
the “induced hypercalcemia syndrome" is 
of interest and might possibly be explained by 
red cell hemolysis or to increased viscosity of the 
blood.?9 The serum alkaline phosphatase, as 
already indicated, was the only liver function 
test employed that was of significant value in all 
stages of liver metastases. 

Hematopoietic System Alterations. It was ap- 
parent that a decrease of erythroid activity dur- 
ing estrogenic hormone therapy was associated 
with progression of the cancer. The extensive 
involvement of bone marrow and/or decrease in 
the nutritional status of the patient were 
prominent features. The increase in erythroid 
activity, conversely, was associated with im- 
provement in nutritional status and/or regres- 
sion of osseous metastases, resulting in more 
normal marrow activity. 

The dissociation between the clinical course 
of the tumor and the increased erythroid activity 
during androgenic hormone therapy suggests 
that androgenic hormones may be a stimulus 
to the marrow. That this hormone may play a 
role in folic acid metabolism has also been 
suggested. ?? 

Biochemical Aids for the Management of Hormone 
Therapy. By analysis of the biochemical altera- 
tions occurring during hormone therapy, a 


‘method for management of hormone therapy 


in patients with advanced breast cancer can be 
outlined. It would appear that certain chemical 
determinations are necessary as an aid in 
establishing the presence and site of metastases 
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and in evaluating the tumor response to 
` therapy. Initially, the following procedures are 
carried out: serum calcium and phosphorus, 
serum alkaline phosphatase, BUN- or NPN, and 
hemoglobin. At the end of one week a serum 
calcium is obtained for detection of early 
hypercalcemia. ‘Thereafter, these procedures are 
repeated at intervals of three to six weeks. After 
four months further studies are obtained as 
indicated. In patients receiving long term 
hormone therapy, or in whom response to 
therapy has been favorable, determination of the 
serum calcium, phosphorus, alkaline phospha- 
tase and hemoglobin every two to four months 
aids in anticipating new changes in tumor 
growth. In conjunction with these studies, ap- 
propriate x-ray examinations are conducted. 
By such procedures evaluation of the progress of 
the tumor can be made, and improved patient 
care thereby attained. 


SUMMARY 


1. Determinations of serum calcium and 
alkaline phosphatase are of value in establishing 
the presence of osseous and hepatic metastases 
in advanced breast cancer. 

2. Steroid hormone therapy for advanced 
breast carcinoma produces biochemical altera- 
tions in the blood which aid in evaluation of the 
tumor response to such therapy. 

3. The serum calcium, phosphorus, non- 
protein nitrogen and alkaline phosphatase 
appear to be important guides in long term 
hormone therapy of advanced breast cancer. 
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lhe Pathogenesis of Anemia 1n Patients 


with Carcinoma" 


GEORGE A. Hymar, M.D. and JANE E. Harvey 
with the technical assistance of Janice E. Geldner 


New York, New York 


ECENT investigation of the development 
R of anemia in association with lym- 
phomas and leukemia has placed 
emphasis on the role of hemolysis. Ross! 
Tedeschi? Berlin? and others have inde- 
pendently described the frequency of accelera-ed 
red cell destruction in such patients. A small 
percentage of these patients shows overt he- 
molytic phenomena but in the majority more 
sensitive methods are required to demonstrate 
this anomaly. 

In a preliminary report from this laboratory* 
use of the Ashby technic for study of the red cell 
life span demonstrated a considerable accelera- 
tion of destruction of the transfused normal 
cells in a small number of patients with car- 
cinoma. In order to study this problem mcre 
fully, attention in the present investigation is 
directed toward two factors: (1) The role of 
hemolysis as measured by routine clinico- 
pathologic tests and the Ashby technic, and 
(2) the rate of erythropoiesis. In the latter 
study interpretation of the marrow aspirate was 
combined with evaluation of the ferrokinetics of 
erythropoiesis, utilizing the radioisotope Fe. 


MATERIALS AND METHODS 


Forty-five patients with many types of 
biopsy-proved carcinoma were chosen. In these 
patients all studies failed to demorstrate any 
overt cause for anemia such as blood loss. ‘They 
were not receiving and had not recently received 
any therapy which might lead to anemia or 
might depress marrow function, such as radio- 
therapy, tumor chemotherapy or transfusion. 


In every instance either skeletal x-ray survey, 
marrow aspiration and/or ultimate necropsy 
showed that the disease was widely disseminated. 
The types of epithelial neoplasm included 
carcinoma of the lung, breast, stomach, eso- 
phagus, prostate, kidney, ovary and thyroid. 


TABLE I 
CLASSIFICATION OF HEMOLYSIS 


Moder- 


Procedure Normal Slight ie Marked 
Mechanical fragility (95)... <5 5-10 >10 >10 
Osmotic fragility.......... 0.45-0.59; 20.50 | >0.50 | 20.50 
Reticulocyte count (%).... <3 3.1—5 5.1-10 210 
Fecal urobilinogen (E.U./ 

100 gm.) sv vies «200 200-350 | 350-600 2600 
Urine urobilinogen....... Y(o-Míco|b$20-1640| >40 | 7640 
Coombs’ test (direct).......| Negative | Negative | Positive | Positive 
Bilirubin-delayed (mg. 9?2)..| 0.1-1.0 12 2-5 25 


Anemia was present in more than 90 per cent of 
the patients at the outset of the investigation 
and eventually in all cases. 

The clinicopathologic studies are those rou- 
tinely used (Table 1) and are fully described in a 
previous report.* The Ashby technic employed 
was that described by Kaplan and Zuelzer.? 
Patients were so selected that the great majority 
had never had previous transfusions. 

Plasma iron and iron-binding capacity were 
determined by the Kitzes? and Cartwright? 
method. ‘The plasma and red cell iron turnover 
was calculated by the Hennessy-Huff equation. 1? 
Radioactive iron-59 was obtained from the 
Atomic Energy Commission as ferric chloride in 
dilute hydrochloric acid. The amount of 


* From the Department of Medicine, Columbia University College of Physicians and Surgeons, the Medical and 
Pathological Services of Francis Delafield Hospital and the Medical Service of Presbyterian Hospital, New York, N. Y. 
Technical assistance was also contributed bv the Blood Bank of Francis Delafield Hospital. This work was supported 
in part by a grant from the National Cancer Institute of the United States Public Health Service. 
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Fic. 2. Ashby-type curves in seven patients with carcinoma. 
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radioactivity injected was approximately 5-10 
microcuries/ patient. 

RESULTS 


Clinicopathologic Observations. ‘Twenty-six pa- 
tients with carcinoma were studied by the usual 
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In two instances (Fig. 3) repeat studies revealed 
further increase in the rate of hemolysis in as- 
sociation with progression of the disease. 

For comparison, data on ten patients with 
neoplastic disease other than carcinoma (such as 
chronic myeloid leukemia, chronic lymphatic 


a FIRST STUDY M. M. SECOND STUDY M.M. 
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Fic. 3. Characteristic Ashby-type curves in two patients with neoplastic discase and repeat studies when the 


disease progressed. 


multiple clinicopathologic tests. A moderate 
increase in hemolysis was found in one patient 
(4 per cent), a slight increase in hemolysis in 
fourteen (54 per cent) and no significant change 
in eleven (42 per cent). Further details are given 
in Table 11. 

Ashby Data. Ashby-type studies, using the 
blood of healthy donors were made nineteen 
times in seventeen patients with a variety of 
carcinomas, and eleven times in ten patients 
with neoplasms other than carcinomas includ- 
ing a variety of blood dyscrasias. In the pa- 
tients with carcinoma (Figs. 1 and 2) fifteen 
of the nineteen studies showed a moderate to 
marked increase in the rate of destruction of the 
transfused cells. In all of these fifteen instances 
50 per cent of the transfused cells were destroyed 
in thirty-five days or less. Three of the patients 
showed a slight increase in the rate of destruc- 
tion of the transfused cells and in one patient 
the Ashby curve was approximately normal. 


TABLE I 
DEGREE OF HEMOLYSIS IN TWENTY-SIX PATIENTS WITH 
CARCINOMA 
(ROUTINE sTUDIES) 





Clinicopathologic Findings: Elevation 
above Normal Values 









Estimated 
Degree of 
Hemolysis 


bilin- 
ogen 














None.....|11(4292) 

Sight. 14(54 95) 12 2 5 4 

Moderate. 1 “2 s m or 
‘Total... ra 


leukemia, agnogenic myeloid metaplasia, multi- 
ple myeloma, Hodgkin’s disease and fibro- 
sarcoma) were summarized in Figure 4. In all 
eleven instances in which studies were made 
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moderate to marked acceleration of the rate of 
destruction of donor cells was found. The “‘shift 
to the left," or more extreme shortening of the 
life span, was greater in this group than in the 
patients with carcinoma. 


70 


o 


4 


PERCENT 


20 
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plasma iron level, as found in thirty-one of our 
forty-five patients, in association with depression 
of plasma iron-binding globulin. Therefore the 
saturation percentage may show normal results, 
as occurred m fourteen of our forty-five patients. 


SYMBOLS 
CML-(/J-*» 
CML-(2J-0o 
CLL —— D 
AMM - ( /a)-N 
AMM-(1b)-M 
AMM-(2)-B 
MM-(1)-X 
MM-(2)-T 
HD-(/)- ® 
HD-(2)-C 
F sa — S 


DAYS 


Fic. 4. Ashby-type curves in ten patients with neoplasms other than carcinoma. 


Marrow Activity. In forty-five patients bone 
aspirates gave positive results for tumor cells. 
When the degree of cellularity or marrow ac- 
tivity was estimated, only four (8 per cent) 
exhibited decreased cellularity, thirty-five (78 
per cent) gave normal or slightly decreased 
results and six (14 per cent) were found to have 
increased in the degree of cellularity. 

Studies of Iron Metabolism. Forty-five patients 
with documented carcinoma were studied using 
Fe? combined with iron-binding globulin 
(Cohn-fraction IV-7*). In this type of patient 
the most frequent observation is a depression of 


* This fraction was supplied by Dr. Joyce M. Flynn, 
University Laboratory of Physical Chemistry, Harvard 
University, Boston, Mass. 
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Ferrokinetic studies are summarized in Tables 
m and rv. As can be seen, the half-time value for 
the removal of plasma Fe*? following intravenous 
injection, normally reached in sixty to 120 
minutes, was shortened in nineteen of the 
patients and normal in sixteen. In only ten 
of the forty-five patients, or 22 per cent, was 
there prolongation of this half-time value. 
When attention is directed to plasma iron 
turnover in milligrams per day, it will be noted 
that many of the patients (twenty-one of forty- 


. five, or 47 per cent) gave normal values. Red 


cell iron turnover data generally gave either 
normal or increased results. Both plasma iron 
removal rates and red cell iron renewal rates 
frequently increased. Calculation of red cell iron 
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utilization after fourteen days indicated that 
69 per cent of the patients had normal values. 


COMMENTS 


Routine clinicopathologic tests gave little 
indications. of increased hemolysis. The only 
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one-fourth of the patients. The vast majority of 
patients showed either no evidence or very slight 
evidence of the increased hemolysis revealed by 
more refined studies. 

A Coombs cross matched, Ashby-type trans- 
fusion was given in thirty instances in the course 


MEE TABLE III E 
SUMMARY OF DATA ON IRON METABOLISM IN FORTY-FIVE PATIENTS WITH ADVANCED CARCINOMA 























5 Plasma Pe Red cel Fraction Fraction 
2b 2 
Case Piana Satura- Hi Turnover Fe-Puinover s of Plasma | of RBC pu Plasma | Per cent of Fe5? 
‘ er - ell x 
No, | Patient Fel tion timete Fe Re- Fe Re- | M Volume | Utilized by 
(%) , moved newed 3| (cc.)3 RBC in 14 
(min) | Mg./ |Mg./Kg./| Mg./ |Mg./Xg./ hr.?d day2 (ce.) m 
/ /day day 
day day day day 
I [uA A. 125 46 224 23.3 0.35 "ees T 0.25 [ sasea 2052 3092 6 
oe | E.B. 91 39 106 27.6 0.5 27.6 0.5 0.37 0.02 1386 3400 26 
3 |E.D. 60 24 60 25.0 0.38 22.5 0.34 0.62 0.014 1680 2800 54 
4 |B.D. 100 27 150 15.4 0.31 9.2 0.19 0.28 0.014 660 2273 91 
5 JT.G. 76 54 68 23.5 0.52 5.4 0.12 0.70 0.009 597 1843 23 
6 |E.F. 49 17 49 31.0 0.35 46.4 0.53 0.68 0.011 3290 3860 42 
7 C. H. 67 34 70 23.5 0.35 23.0 0.54 0.52 0.015 1508 2800 58 
8 | A. K. 89 27 117 21.1 0.30 25.3 0.35 0.31 0.009 2931 3306 41 
9 | E. L. 83 39 132 18 5 0.50 29.6 0.80 0.46 0.017 1705 2001 89 
10 | S. M. 90. 38 75 4T-B | xui 52.6 Da 0.96 0.020 2600 2300 41 
11 | OO. McK. 45 36 59 18.0 0.27 20.5 0.51 0.55 0.010 2010 3015 57 
12- | M. P. 50 24 70 21.4 0.26 25.7 0.51 0.58 0.010 2490 3410 50 
13 |R.S. 36 17 176 I3 T | ass 10.7 bas 0.86 0.013 828 1842 36 
14 |J.S. 44 28 88 STE | iens 25.0 T 1.36 0.025 1000 2200 76 
15 |D..A. 43 22 38 31.2 0.46 61.5 0.90 0.94 0.309 1994 3278 92 
16 |B.R. 97 49 204 24.3 f a 3.4 opp 0.44 0.005 705 2500 (11 D—19%) 
17 |S.B. 69 -42 30 49.4 1.02 ,31.2 0.€5 1.54 0.014 753 1935 58 
18 | A. B. 133. 60 135 28.8 0.8 5.8 0.16 0.44 0.008 720 2000 25 
19 I L.L. 58 38 56 21.4 0.50 13.1 0.20 0.59 0.018 750 2570 (6 D—81%) 
20 |T.S. 45 29 42 26.4 0.49 62.1 1.17 0.96 ` 0.036 1701 2552 107 
21 |F.W. 55 35 64 32.6 dora 22.9 ex 0.62 0.013 1783 3973 32 . 
22 |J. R. 103 43 47 47 .0 0.78 37.6 0.62 0.73 0.026 1462 2600 (13 D—54 95) 
23 |D.S. 51 31 40 43.2 0.864 40.6 0.81 0.87 0.025 1638 2912 57 - 
24 |J.B. 110 61 112 26.2 0.51 6.6 0.13 0.43 0.009 725 1909 35 
25 |B.L. 107 53 132 14.2 0.23 12.6 0.20 0.21 0.008 1618 2640 58 
26 |S.F. 81 53 83 16.6 0.28 13.3 0.22 0.39 0.011 1180 2190 62 
27 1 J. H. 35 11 122 8.9]. ss 6.6 —— 0.33 0.003 1938 2672 37 
.28 |L.R. 85 32 150 9.4 0.18 4.7 0.09 0.21 0.003 1467 2200 54 
29 |P.G. 60 28 104 10.6 0.18 4.8 0.08 0.31 0.006 764 | 1700 57 
30 |M.M. 105 _ 35 180 9.8 0.197 3.8 0.08 0.16 0.004 956 2417 (13 D—30%) 
31 |E.H. 75 29 146 195.4 | LES [asera eS 2.46- | zx 1717 416 |. 4e 
32 |M. W. 40 ' -15 50 4.3 0.08 RR a 0.17 | xx vM as 2592 61 
33 |A.L. 63 21 44 43.6 0.51 17.7 0.21 0.9 0.033 553 3132 72 
34 |(G.C. 53 19 52 22.2 0.48 34.2 0.81 0.67 0.023 1468 2610 71 
35 | T.B. 114 36 110 17.5 0.33 10.9 0.22 0.33 - 0.010 1041 1933 (13 D—70%) 
36 |G. G. 93 30 86 53.3 0.80 42.1 0.63 0.70 0.025 1671 3394 (13 D—30%) 
37 |E.H. 63 21 55 30.5 0.47 |..... i 0-75. | Aiia ere 2684 83 
38 |R.M. 124 40 38 94.1 1.88 177.8 3.55 1.38 0.14 1233 2290 83 
39 | E.-D. 75 20 57 24, 0.67 | ..... uid 0.65 | ..... — 2044 - | 102 
40 |F.P. 60 27 64 21.8 0.31 28.6 0.4) 0.51 0.012 2238 2967 50 
41 |C.G. 28 9 42 9.1 0.15 [ees m 0.42 || deca ore 3222 62 
42 |B.T. 40 11. 58 13.3 0.26 | wees. oe 0.60: | us M 2302 (6 D—80 %) 
43 |S.G. 73 19 58 31.7 0.63 | ..... 0.72. || mimes 2511 66 
44 |E.D. -37 10 51 14.5 0.29 J... 0.66 | ..... 2105 (13 D—63 %) 
45 |J. G. 52 15 80 19.7 0.28 | tse 0.55 1 ue 2843 (13 D—59%) 


1 Average of two or more determinations. Normal for plasma Fe/total iron binding globulin: 90-130 ug. per cent/260—350 ug. per cent. Normal 


plasma Fe saturation: 30 to 40 per cent. 


2 Normal values in this laboratory: (a) intravenous plasma Fe 14 time clearance: 60-120 min.; (^) plasma Fe turnover: 20-37 mg./day; (c) 
RBC Fe turnover: 14-38 mg./day; (d) fractions of plasma Fe removed/hr: 0.33-0,50; (e) fraction of RBC Fe renewed/day: 0.0072-0.0107. 
3 Calculated on basis of Fe5? studies—normal total blood volume approximately 77 cc./kg. 
* Per cent of Fe? administered intravenously appearing in RBC’s 14 days after injection—normal 70-100 per cent. 
Q 


abnormalities found were: (1) a slight elevation 
of the reticulocyte level in one-half of these 
patients; (2) an elevation of fecal urobilinogen 
in two patients, and (3) a mild increase in the 
mechanical fragility in urinary urobilinogen in 


of this study. Nineteen of the studies in patients 
with advanced carcinoma revealed a moderate 
to marked increase in the rate of destruction of 
the transfused normal cells. Eleven studies in 
patients with non-carcinomatous neoplastic 
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disease, including a variety of blood dyscrasias, 
showed a further increase in the rate of destruc- 
tion of normal donor cells. Thus the patients 
with carcinoma fell between this latter group 
and the normal. 


355. 


the theory that erythropoiesis is normal or 
increased in the “average patient" with carci- 
noma. Since anemia develops in spite of normal 
or increased marrow function, apparently the 
demonstrated increase in hemolytic activity is 


| TABLE IV 
IRON METABOLISM STUDIES IN FCRTY-FIVE PATIENTS WITH CARCINOMA 





Plasma Iron 














—————— ——j ————————Ó)———.————|.———————M————————— | ———————————————À—— | 9 | MÀ Qe 


Plasma 
Di Plasma 
hs isappear- 
Activity : uus Iron 
Satura- Turr over 
Levels | ion (%) (rate) 

Decreased... 31 23 19 16 
Normal..... 14 |.14 16 21 
Increased... 0 8 10 8 

Total..... 45 45 45 45 


Plasma Red Cell Red Cell 
Iron s Cell Iron Iron 
Removal T pun Renewal Utilization 
(rate) PEROVSE (rate) (14 days) 

9 14 5 14 31%) 
9 14 8 31 (69%) 
27 7 22. — dba uae D^ 
45 45° 35* 45 (10092) 


* Complete data not available in ten patients. 


Marrow failure and/or replacement hav2 
been blamed for the anemia of patients with 
disseminated carcinoma. Our observations seem 
to justify a different interpretation. Normal 
cellularity was found in the great majority cf 
instances even when tumor cells were present. 
In view of the limitation of morphologic tech- 
nics attention was turned to the dynamics of iron 
metabolism. 

The rate at which intravenously administered 
iron disappears from the plasma has beea 
thought by some observers!! to reflect the state cf 
erythropoiesis in the individual. In these patients 
with carcinoma a great majority did have either 
increased or normal disappearance rates. These 
observations, therefore, would indicate normzl 
marrow activity. However, since the iron disap- 
pearance rate may not necessarily reflect the 
status of erythropoiesis in patients with malig- 
nant disease, two other studies were performed. 
The first was the measurement of the red ceil 
iron renewal rate per day. The second was tke 
estimation of the percentage of Fe*? utilized m 
red cell production at a given time (for examp.e 
fourteen days) following intravenous injection. 
These studies yielded further support zo tbe 
theory that erythropoiesis is either normal or 
even increased in the majority of these patients. 
‘Thus it would seem that the direct and indire-t 
evidence afforded by ferrokinetic studies, as 
well as that of the marrow morphology, support 
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greater than the marrow response in these pa- 
tients. Clinical correlation with this theory is 
found in tne common experience that frequent 
transfusiors may be unsuccessful in maintaining 
adequate hemoglobin levels in advanced neo- 
plastic conditions. 

What factors are present in the plasma or the 
red cells of these patients with advanced car- 
cinoma that lead to this increase of hemolysis 
provides a separate and complex problem in the 
metabolism of neoplastic disease which deserves 
further study. 


SUMMARY 


1. Forty-five patients with biopsy-proven, 
advanced carcinomas were selected for study 
of the pa:hogenesis of previously unexplained 
anemia. 

2. Routine clinicopathologic tests revealed 
no significant increase in hemolytic activity. 

3. The Ashby technic did demonstrate con- 
siderably :ncreased rates of destruction in fifteen 
instances in patients with carcinoma, and in 
eleven irstances in patients with non-car- 
cinomatous neoplasm. 

4. In the majority of patients studied normal 
marrow activity was found even in the face of 
marrow invasion by tumor cells. 

5. Ferrokinetic studies with Fe*?, with special 
emphasis on intravenous plasma iron disap- 
pearance rates, red cell iron renewal rate and 
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percentage of Fe*?? utilized for ervthropoiesis 
also indicated a normal or increased state of 
erythropoiesis in these patients. 

6. A major factor in the anemia of advanced 
cancer is an increase in hemolytic activity. 
In response: to this increase in hemolysis the 
majority of these patients exhibited normal or 
increased erythropoietic activity. which was, 
however, inadequate to prevent the develop- 
ment of anemia. 
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HE subject of metastatic tumors of the 
heart and pericardium has not provoked 
much interest in the past few years. This 
is because the incidence was generally considered 
low and clinical manifestations are the exception. 

This report records the relevant findings in 
a group of autopsies conducted at the Veterans 
Administration Hospital, Hines, Illinois; in 
addition a few cases previously hospitalized there 
and examined at post mortem elsewhere are 
included. Records and follow-up data have 
been maintained by the Tumor Research 
Department of this hospital since 1931 on all 
hospitalized cases of malignancy. 

From 1931 through 1951 more than 21,266 
cases of malignant tumor have been treated at 
this institution. A total of 7,952 autopsies 
have been performed at this hospital, with the 
exception of a few elsewhere, and of this rum- 
ber of autopsies 4,124 had malignant disease. 
Not included in this group are benign tumors, 
brain and spinal cord tumors and leukemias. 

The records of each case of cardiac and peri- 
cardial metastases have been reviewed zs to 
pathology, symptomatology and laboratory 
data. In only a small number was the diagnosis 
made or suspected before death. 


RESULTS 


Incidence. ‘The number of cases with heart or 
pericardial involvement totaled 217, approxi- 
mately 5.0 per cent. ‘Table 1 shows the incidence 
of individual types of tumor. Bronchogenic 
carcinoma and malignant melanoma show the 
highest incidence, the remainder are much less 
frequent. All cases were in males, as the female 
service at this hospital is very small. The age 
incidence was thirty to sixty-seven years, the 
greatest number falling between the ages of 
thirty-seven and fifty. | 

The heart was more often involved than the 
parietal pericardium but both were involved 
in a goodly number. Table 1 shows the distribu- 
tion of these cases. 


Spread. It is very difficult to determine the 


mode of spread accurately unless there is direct 
extension of the carcinoma from contiguous 
structures in the area, such as is often seen in 
bronchogenic carcinoma and occasionally in 
carcinoma of the esophagus. According to Scott 














TABLE I 
Heart 
Cases and Per 
Primary Tumor Metastasizing to Heart AH Eun cent- 
(No.) | Metas- | 28° 
tases 
Bronchogenic carcinoma........... lees 636 80 8.5 
Malignant melanoma. ............uelesu. ‘76 23 | 30.3 
Sarcoma (not lymph node). ............L. 240 14 5.8 
Lymphosarcoma (no leukemia)... ........ 142 18 13.4 
Carcinoma, metastatic, primary unknown... 83 10 12.0 
Kidney neoplasm  (hypernephroma, car- 
cinoma, pelvic carcinoma) .............. 146 7 4.7 
Esophageal carcinoma... ........2ee eee . 183 9 4.9 
Hodgkin's disease :... 22a ces e d e 189 8 4.2 
Testicular carcinoma or teratoma.......... 128 7 5.4 
Colon carcinoma...........lee enne 144 4 1.6 
Pancreatic carcinoma... . 0... secs eee eese 148 4 2.7 
Prostatic: Carcinoma 220.2 fi2t pak SSS xis 194 4 2.1 
Adrenal carcinoma. ...........00..20008- 24 3 12.5 
Penile caryeinomu.uocii onem ir dares AE 33 3 9.1 
Gastric carcinoma. yo. janie xr sakes 408 4 1.0 
Parotid carcinoma and mixed tumor....... 34 3 18.9 
Uzinary bladder carcinoma. .............. 265 3 1.1 
Rectal carcinoma........... cese een nnn 304 2 at 
Lymphoepithelioma.............. eese]. Lees 2 T" 
Lip carcinoma... ouo ccr m ade sas B deo reg 72 2 2.8 
Breast carcinoma (male)................. 6 1 16.7 
Tongue carcinoma............. eee ee ee eee 126 2 1.5 
Alveolar ridge carcinoma......,.......--- 16 1 1225 
Branchial cyst carcinoma................. 8 i*] 12:5 
Other carcinomas (respiratory passages, 
mouth, larynx, anus and thyroid)... ..... 424 0 0.0 











Total Pr 4,124 217 





and Garvin,! in their 118 cases reviewed at the 
Cleveland Clinic from 1919 to 1939, true embolic 
metastasis via coronary arteries was the most 
common mode of involvement of the heart. In 
view of the close proximity of the lymphatic 
trunks to the coronary vessels, according to the 
work of Rouviére? on lymphatic drainage of the 
heart, we would be inclined to believe that the 
greatest number of cardiac metastases were 


* From the Veterans Administration Hospital, Hines, Ill. 
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due to lymphatic rather than hematogenous 
spread. 

The importance of coincident metastases to 
the heart or pericardium or both, with involve- 
ment of other structures within the bony thorax 
is indicated in Table i. The primary site of the 


termed “‘pericardial.” Tables vi to rx summarize 
the gross pathologic findings encountered in our 
cases. Ín every case the microscopic features of 
the metastases corresponded to those of the pri- 
mary tumor, except for occasional instances of 
necrosis. 


TABLE n 
Metastases 
Total Total Total 
sumer Cases Cardiac | Pericardial 
Pericardial | Cardiac | Both Pericardium 
Only Only and Heart 

Bronchiogenic carcinoma.......... 80 26 Z1 36 57 62 
Malignant melanoma............. 23 2 13 8 21 10 
SAO REM 14 2 7 5 12 7 
Lymphosarcoma.. sr ecc er batis 18 2 11 6 17 8 
Ca., primary undetermined........ 10 2 5 3 8 8 
(1a Esophagus o coe hp t REA Q 6 3 8 3 
Hodgkin's disease...............- 5 7 1 8 2 
TELA i oss see ec a Rae eee 5 3 1 4 2 
Ca colony us s noua aa a se EX £ 2 2 4 2 
Ca. pancreas res inst dean bs Y dores £o 3 1 4 1 
Hypernephfoma. ec. estes hiteni 5 5 fed 5 — 
CA. prostate coop ord EE eqs 4 3 1 4 1 
Ca adrenal: cus obest vdd oes 2 1 2 3 2 
Ca penslbbaesaepiwV EL EET SE Z bs 3 3 
Cla; stomach: ersin rans 9 eres 4 1 2 1 3 1 
Mixed tumor parotid............. i 1 2 2 1 
Ca Padder ever te irene EUN 2 3 3 
Cac TOC DU fac copio aie DS 2 2 2 
Ca Rdnéja obese ee geet at x Z 2 2 
Ca. pelvis or Kidney xv dyes 2 2 2. 25s 
Lymphoepithelioma.............. 2 2 wi 2 1 
Ca. testicle: eov oo ES E RR 2 1 1 2 qs 
Ca HD pon e outta putabis 2 1 1 2 1 
CAM DEAS Ue: a oa aa nA 1 1 - 1 vut 
CR lODpUueod ouo UR petes 2 re 2 2 2 
Ca. alveolar ndpe.«. oor 1 € 1 1 ee 
Ca, branchiaECySto sev et 1 1 | 

"Totales esos des khus NANET LER 217 39 109 73 -82 112 





tumor was within the thorax in 116 cases, out- 
side the thorax in ninety-one, and undetermined 
in ten instances. 

Table 1v indicates that involvement of heart 
and/or pericardium tends to be associated with 
rather widespread metastases of malignant 
tumors. In only eighteen instances were the 
metastases limited to the heart or pericardium. 

Pathology. All cases in which the endo- 
cardium, myocardium and epicardium (visceral 
pericardium) were involved have been desig- 
nated “cardiac? and only those tumors metas- 
tasizing to parietal pericardium have been 


A total of 112 patients had involvement of the 
pericardium, and of these thirty-nine involved 
the pericardium alone. (Table n.) The classi- 
fication in Table v shows the predominant 
mode of pericardial metastasis, although one 
type may grade off into the others. Bronchogenic 
carcinoma involved the pericardium more fre- 
quently than other primary tumor in this group, 
malignant melanoma did so infrequently. In 
about one-fourth of the cases increased peri- 
cardial fluid (Table vr) occurred without 
parietal pericardial involvement by tumor, 
and the incidence of bloody fluid was not as high 
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as might be expected in malignant disease of 
serous surfaces. 

The gross pathologic findings in the cases with 
cardiac metastases were as variable as in those 
of the pericardium. Table vu lists the range of 
heart weight and shows that sixty-five hearts 


TABLE HI 
THORACIC STRUCTURES INVOLVED 





One or both lungs or pleura ................. 80 
Mediastinal structures (mainly lymph node) ....| 57 
Both of the above iones ed RET PA aA EE es 57 
Other structures (ribs, chest wall) ............ 7 
No intrathoracic structures except heart ....... 16 

Ecc —— T——— 217 


weighed over 350 gm.; of these, six were con- 
sidered increased due to other types of heart 
disease. In many cases the heart weight was not 
listed, mainly because the heart was bound 
down with a large intrathoracic mass. 

We have: classified cardiac metastases ac- 
cording to location and distribution within the 


TABLE IV 





Metastatic Sites of Tumors Involving Heart and | No. 
(or) Pericardium in Relation to Number of of 


Organs, Excluding Regional Nodes Clases 
To no organ or region except heart and/or peri- 
CAL GIUHE: £ oes cok Ba Ce Shiga ve RR SE 18 
To only one other organ or region in addition to 
heart and/or pericardium ................ 30 
To two or more other organs or regions and heart. 
and/or periCardiup «sv ceeds eae er es 169 
LOtAl ws oboe d bu Mt be eee 217 


heart in Tables vur and 1x. As can be seen 
diffuse cardiac metastases were approximately 
as frequent as localized masses. In seventy-two 
cases of the localized type (a single nodule or 
group of nodules) the site was specified and ir. 
these the left side of the heart predominated. 
Except when the heart was involved by con- 
tiguity the appearance of the tumor was gen- 
erally nodular and pin-point, rice grain, or up 
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to pea-sized. Usually the nodules were sharply 
circumscribed but in some cases were con- 
glomerate end occasionally significant necrosis 
with softening occurred. Tumor nodules were 
generally situated in the epicardial region, 
some were in the myocardium, some in both, a 








TABLE V 
No. 
Types of Pericardial Metastases, Incidence of 
Cases 
Extension and attachment to mediastinal mass 
and pericardium alone... 6.000004 285 
Extension ani attachment to mediastinal mass 
and pericardium with extension to the heart ..| 25 


Pericardium studded diffusely with tumor nodules; 12 


Pericardium thickened and diffusely infiltrated 
WIC tOmOE c cover Scales Duae Deets 17 


Pericardium thickened and diffusely infiltrated 
with tumor and with extension to epicardium 
and myocaedium «uve sot acess 22 


Pericardium :nfiltrated locally with tumor, with- 
out other aitachment ...............000-5- 11 


* Bronchogenic carcinoma accounted for twelve 
instances. 





‘TABLE VI 
No. 
Pericardial Fluid Encountered of 
Cases 
Simple effusion, over 100 cc. .......-0....00.. 15 
. Serofibrinous effusion .........0..... 0020000. 5 
Purulent effusion* .....00....0.0 0.000 gee eee 4 
Bloody pericardial fluid, 60 cc. and overf ..... 21 
Total oo... cc ccc cecceseseesucceceeeuee: 45 


* A case o? lymphosarcoma. 
t Twelve of these cases bronchogenic carcinoma 
(largest bloody effusion 800 cc.). 


few were oredominantly in the endocardium. 
(Table 1x.) An epicardial or endocardial tumor 
may bulge out from the surface, particularly 
the endocardial tumors which may encroach 
upon the contiguous heart cavity as a papillo- 
matous propagation of tumor. In ten cases of 
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predominate endocardial tumor growth, five 
papillomatous extensions into the heart cavity 
were noted; one of these formed a dumbbell- 
shaped tumor which grew from the wall of the 
right auricle, through the tricuspid valve into 
the right ventricle. Four of the endocardial 


TABLE VII 
Heart Weight 
(gm.) No. of Cases 
350 or under 2... i eee cae oe ES EU 123 
C)yer-350 8 E o E oo TEIL pA 65 
Nob ENO c ES ec ben E EiPbesumdsN es 29 
Qin P" CT PV 217 


* Largest weights 850 and 780 gm. 


tumors appeared to have been implanted 
directly upon the endocardium; the remaining 


six appeared to have originated frcm a myo- . 


cardial nodule or to have extended directly from 
a primary bronchogenic carcinoma or medias- 
tinal node. Epicardial metastases frequently 
showed a tendency to invade the mvocardium, 
this being evident in practically every case 





TABLE Viti 

No. 

Location of Various Cardiac Metastases of 
Cases 

Rust auricle uso rbi ee RESP be EN AES E S 

Right ventricle opzioak oa ewe as 15 

Lett auricle «ou tras deere liars ates eb aoa) Ode va qos 10 

Left ventricle). os sic pato dtes e Ue qo RR |] 722 

Diffuse tumor nodules or scirrhous type of thick- 

GHIHS Jaco due ove bs dicm NI IER QUE eee 78 

Localized metastases, not specified .......... s m 

Microscopic involvement, no gross disease ..... 6 

Tumor thrombus in heart chambers .......... 5 

Totals aU ee Ge Ve var ERR EVE 182 


* Total in right heart, thirty. 
T Total in left heart, forty-two 


microscopically. Involvement of the heart 
valves, chordae tendinae and septi did not occur 
frequently. (Table 1x.) Tumor cells were not 
-observed within the coronary arteries. 

Of the sixteen cases with intracardiac in- 
volvement ten showed invasion of intraventric- 
ular septum. Valve leaflets were involved in 
three, papillomatous extension into the cardiac 


chambers occurred in five, and invasion of the 
papillary muscle was noted in two. 

Extensive replacement of the myocardium was 
not frequent, the tumor acting more as a silent 
invader. Generally, sizable areas of apparently 
"healthy" myocardium remained, especially 


TABLE IX 
Situation of Cardiac Metastases No. of Cases 
Epicardium predominantly ..... T 78 
Myocardium predominantly .......... 32 
Endocardium predominantly .......... 16 
Any combinations of above ........... 35 
INOCTBEDHOBEd - Sick tte cud eos . 2i 





with nodular involvement, even when diffuse. 
Usually the heart was not enlarged or deformed. 
When this occurred, it was due either to a 
rapidly growing tumor (as judged both clinically 
and pathologically) causing a massive, con- 
glomerate, nodular growth or to a scirrhous, 
markedly fibrosing tumor involving the entire 
circumference of the pericardium and heart; 
these situations occurred in thirty-five instances. 
Malignant melanomas appear to be the most 
proliferative type of tumor metastasizing to the 
heart. 


TABLE X 
Clinical Manifestations No. of Cases 
Cardiac failure ................. Les 17 
Syncopal attacks. sais. c o ot e EEEERA 3 
MHBEDIBIS: x5 aS Eee ide eed GR 3 
Pericardial effusion .................. 4 
Friction rub (pericardial) ............. 2 
POLL 002 suse etie Vee oaks 29 


In addition to tumor, coronary arteriosclerosis 
was present in thirty instances but usually was 
mild. Myocardial fibrosis of moderate to marked 
degree, in addition to tumor, was noted in ten 
hearts. Other associated cardiac abnormalities 
were calcified aortic valve with stenosis two, 
aortic stenosis with insufficiency one, aortic 
insufficiency three, myocardial infarct two 


(recent), and unexplained cardiac enlarge- 
ment one. 
Symptoms. In general, symptoms referable 
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to the heart were absent. Cardiac failure wes the 
most common (Table x), but in one case this was 
attributable to severe coronary arteriosclerosis 
with myocardial fibrosis (non-malignant!. In 
only seven of the seventeen cases of congestive 
failure was this of such degree as to require 


configuration in two, pericardial configuration 
(effusion) in five, displaced heart in one and 
progressively enlarging heart shadow in two. No 
reports of chest x-ray were available in a number 
of cases. | 
As to analysis of electrocardiograms, onl 


TABLE XI | 
Site of Metastases 
No. of NE 
Wesoedegm [Beso e| "ESI 
grams |n ar  tricular | Heart | Heart | dial | and | of 
sepuim uad dd Disease 
; 
Normal mits: coaie ede 2s aane ats 20 7 4 4 2 3 
Abnormal, non-specific. ........... 20 4 1 2 1 5 6 1 
Auricular fibrillation. ............. 1 1 
Anterior coronary occlusion......... 1 1 
OW moliri Pm 6 2 1 1 1 1 
Extrásystolés. .euicite ste ditenged 3 2 J 
Intraventricular block. ............ 3 2 : 
Lett bheart Stain 2 ovy eroe ES edes 2 2 1 1 
Right heart strain. oce 2 | 
Pericardial effusion................ 4 2 | 2 
Progressive ECG changes.......... 3 1 1 ^ 25 y 1 
Total EGG oos de boe REPEAT 65 18 6 10 2 11 14 4 


intensive therapy. In one of the patients with 
syncopal attacks, auricular fibrillation at a rapid 
rate was apparently the cause; the two other 
cases were apparently due to interference in the 
conduction mechanism of the heart as there wzs 
no evidence of central nervous system metastasis 
and metastases were present in the interventric- 
ular septum and both auricles. À patient with a 
large tumor thrombus was moribund on admis- 
sion and died within twenty-four hours. Peri- 
cardial effusion was proved by aspiration of 
bloody fluid. Evidence of tamponade was present 
in three. | 

Laboratory Procedures. Routine x-rays of the 
chest did not aid much in diagnosis. The essential 
findings were enlarged heart in ten cases, mitral 
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fifty-seven were taken. The types of electro- 
cardiographic findings in relation to patho- 
logical findings can be seen in Table xr. Non- 
specific changes predominated. In many of these 
cases the electrical activity in the heart was not 
altered despite extensive cardiac involvement by 
tumor. 

Premortem Diagnosis. Seven cases of cardiac 
and/or pericardial metastasis were diagnosed 
prior to death. The diagnosis was made rather 
late in relation to onset of symptoms of malig- 
nancy, and in association with widespread 
malignant disease. 

Mode of Death. All records were not com- 
plete in regard to the terminal symptomatology. 
There were seven sudden deaths and one suicide. 
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The remainder of patients gradually died of 
cachexia or some other complication of their 
primary tumor. 


COMMENTS 


The incidence of metastatic carcinoma of the 
heart has been variously reported as 0.5 to 
19.1 per cent of all malignancies, excluding 
leukemias. At the time of Yater’s article? in 
1931, metastatic tumor of the heart was coa- 
sidered quite rare. Willis* reported an incidence 
of 6.2 per cent among 323 well studied autposiss 
of tumors; Burke? reported fourteen cases in 326 
autopsies; Lymburner® reported fifty-two cass 
from 8,550 -autopsies of all types; Pollia ard 
Gogol’ had twenty-nine cases among 1,450 
autopsies of malignancies; Herbut and Maisel? 
found forty-five cases in 409 autopsies of malig- 
nant tumors. More recent surveys give an 
incidence of cardiac metastasis of 3.4 per cent 
by Prichard,!^ while DeLoach and Haynes?! 
found an incidence of 12.6 per cent, excluding 
leukemias. Bisel et al.!? noted cardiac infiltre- 
tion in 24 per cent of sixty-nine lymphomas and 
12 per cent of 304 other tumors coming to 
autopsy. Cardiac involvement in leukemia may 
be as high as 44 per cent!? in some series. 
Burnett and Shimkin! found an incidence of 
14 per cent for metastasis to the heart in 209 
tumor cases and an incidence of 29 per cent ia 
leukemia. Young and Goldman! found aa 
incidence of 19.1 per cent for such metastasis. 

Pritchard!? has listed certain factors whica 
tend to decrease the incidence of cardiaz 
metastasis: (1) the kneading action of the heart; 
(2) the metabolic peculiarities of striated mus- 
cle; (3) the rapid blood flow through the heart; 
and (4) the restricted lymphatic connections. 

Bronchogenic carcinoma was the most fre- 
quently encountered primary tumor in.ou- 
group and in the series of Scott and Garvin! and 
Herbut and Maisel.? Carcinoma of the breast 
was quite frequently mentioned in all papers but 
is not included in our study because of its 
limitations to males. Scott and Garvin’s! results 
are also in agreement with ours in showing one- 
third incidence of bronchogenic carcinoma 
metastasizing to the cardiac structures. How- 
ever, Ochsner’s report!® of 3,047 autopsies oZ 
bronchogenic carcinoma mentioned that cardiac 
and pericardial metastases occurred in 12.7 per 
cent. In other reports the most frequent primary 
mentioned is kidney, breast and lymph node.?-* 


In all reports sarcoma is a less frequent primary 
than carcinoma. 

Malignant melanoma was frequently en- 
countered in our study, a point stressed in several 
reports,1?.1416 and was noteworthy for rapidity 
of growth in the heart and the marked replace- 
ment of functioning cardiac tissue. Practically 
any tumor can metastasize to the heart and 
pericardium. +ë Thyroid carcinoma has been 
considered rare, and we have no case; how- 
ever there are reports of its occurrence. 9:17.18 
According to Garvin,!? Hodgkin's disease rarely 
implicates the heart. In our study, cardiac but 
not pericardial metastases were present in a 
substantial number. In the last few years four 
cases of Kaposi’s disease (angioreticuloendo- 
thelioma) involving the heart have been re- 
ported. 29.21 

Metastasis to the heart alone is rare. (Table 
IV.) Willis* reports observations of Fergus that 
bilharzial cancer of the bladder caused a single 
metastasis to the heart in two cases and observa- 
tions of Keynes concerning a single nodular 
metastasis to the myocardium which occurred as 
the only metastatic deposit of a primary renal 
carcinoma. Carcinoma of the duodenum” and 
sarcoma of the bladder?’ have been reported in 
recent years to metastasize solely to the heart. 


MODE OF SPREAD 


The mode of spread to the heart is frequently 
speculative but most observers!:?:4.87,9.11 believe 
that the hematogenous route is the most fre- 
quent. Willist has a most interesting chapter on 
this subject and points out that cardiac metas- 
tases are often missed at autopsy due to inade- 
quate sectioning of the myocardium. Harrell” 
quotes a reference on the lymphatic supply of 
the heart and pericardium that shows many 
routes available for spread of tumor, particularly 
from mediastinal metastases. Mediastinal lymph 
node involvement by malignant disease greatly 
increases the chances of spread to the heart and 
pericardium, just as do pulmonary metastases. 

The mode of spread to the heart is very diff- 
cult to establish unless there is direct extension 
of the carcinoma from contiguous structures in 
the area, such as is often seen in bronchogenic 
carcinoma and carcinoma of the esophagus. 

The presence of a subendocardial and sub- 
pericardial lymphatic network is now generally 
agreed upon. The presence of lymphatic vessels 
or lymphatic capillaries in the myocardium, 
however, is still disputed. According to Rouvière? 


AMERICAN JOURNAL OF MEDICINE 


Metastatic Tumors of the Heart—Gassman et al. 


the lymphatics of the heart may be classified as 
follows: 

1. The subendocardial network: This network 
anastomoses with the myocardial lymphatic 
network. It also diverts its contents inta the 
valvular collecting vessels which transverse the 
myocardium along the arteries. 

2. The myocardial lymphatics: ‘These networks 
communicate with the endocardial and, on the 
outer side, with the epicardial networks. Ir 
addition, they form in the myocardial subs:ance 
valvular lymphatic vessels “which flow along 
and anastomose around the arteries which they 
accompany to the surface of the heart. Here 
they empty in the lymphatic collecting trunks 
of the cardiac sulci.” This applies to the lym- 
phatics of the ventricular myocardium. The 
existence of the lymphatic network in the auric- 
ular myocardium has not yet been proved. 

3. The subpericardial or epicardial lymphatiz 
network: ‘The existence of this lymphatic net- 
work is accepted without dispute. The surfac= 
of the ventricles is covered by a rich lymphatiz 
network which is more developed over the apex 
and the anterior and left lateral surfaces than 
on the diaphragmatic surface of the heart. 
This may well account for the large numoer cf 
cardiac metastases found in the left ventricle. 
In the lymphatic network of the ventricular 
epicardium the lymph follows two main currents. 

The left region of the epicardial ventricular 
network extends over the entire left ventricle zs 
well as over that part of the right ventricle whica 
is adjacent to the anterior longitudinal sulcus. 
The vessels of the anterior ventricular surface 
empty into two collecting trunks which ascend 
along the anterior longitudinal sulcus and tke 
left coronary artery. The vessels from the infero- 
lateral surface of the left region unite with two 
anterior trunks which emerge from the anterior 
longitudinal sulcus. From this union arises tke 
left principal collecting trunk of the heart. The 
right region of the epicardial ventricular network 
covers the entire right ventricle except the 
portion adjacent to the antenor longitudinal 
sulcus which is drained by the left col ectirg 
trunk. Thus over their entire epicardial route 


the lymphatic trunks which collect the lymph . 


from both lymphatic regions of the heart travel 
in company with the coronary vessels and in the 
fat which surrounds them. In most instances the 
lymph drained from the left principal collecting 
trunk is directed, by means of the tracheal bi- 
furcation and the right laterotracheal nodes, to 


SEPTEMBER, 1955 


363 


the right jugular subclavian junction. The 
lymph from the right principal collecting trunk 
is poured into theleftjugular subclavian junction. 

As mentioned, the right main stem of lym- 
phatic drainage of the heart empties into the left 
anterior mediastinal nodes; this group of nodes 
also receives drainage from the diaphragm, 
liver, mediastinal pleura, lower thyroid gland 
and thymus, and passes it on to the right and left 
jugular subclavian junction. Therefore, tumor 
cells from one of these organs carried to the 
anterior raediastinal nodes may enter the 
cardiac lymphatics by retrograde flow. The left 
main lymphatic stem of the heart drains into 
the nodes at the tracheal bifurcation or into 
the anterior mediastinal node. The tracheal 
nodes receive drainage from the lower part of 
the trachea, the bronchi, lungs and esophagus. 
Carcinome in any of these organs might 
metastasize to the heart by retrograde lymphatic 
spread through the left main lymphatic stem. 

It is also well known that when chronic ad- 
hesions form between the visceral and parietal 
pleura, lymphatic vessels grow across and con- 
nect the lymphatics of the lungs with these of 
the chest wall, diaphragm or pericardium. 
This probably accounts for the large number of 
cases of bronchogenic carcinoma with extension 
to the heart. 

Recent studies of the direction of the stream 
as well as the distribution of the valves in the 
cardiac lvmphatics have revealed significant 
findings. No valves were found in the myocardial 
lymphatics but they were present in the epi- 
cardium. Such valves are more numerous on the 
anterior surface than the diaphragmatic surface 
of the heart and are very uncommon in the 
auricle. 


PATHOLOGY 


The pathology of cardiac and pericardial 
metastases is adequately covered by Yater,? 
Willis* and Herbut and Maisel.” Our findings 
are in accord with these descriptions. An interest- 
ing type of spread from bronchogenic carcinoma 
which did not occur in our series is that of 
propagation of the tumor via a pulmonary vein 
directly irto the left auricle, possibly with further 
extension into the left ventricular cavity, ?5~27 

There has been some division of opinion as to 
which side of thé heart tumors are more likely 
to metastasize, the right,?:1? Jeft;!* or diffusely.’ 


Probably the reason for this variation is the 


types of primary tumor most often encountered 
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in a particular series. In this series, in which 
bronchogenic carcinoma was most frequent and 
tumor spread more often hematogenous via 
pulmonary veins, it is not surprising that left 
heart involvement was more common. 


CLINICAL MANIFESTATIONS 


Generally, no clinical findings are present 
unless cardiac metastases are extensive. Cardiac 
failure or ‘conduction disturbances (usually 
detected in the electrocardiogram) are the most 
common clinical manifestations. It is apparent 
that metastatic tumor to the heart or peri- 
cardium may give rise to symptoms as the 
result of one or more of the following conditions: 
(1) invasion of the myocardium with replace- 
ment, leading to congestive failure; (2) inter- 
ference with coronary flow, leading to angina 
pectoris or congestive failure and possibly 
infarction; (3) distortion of the cardiac valves; 
(4) intracardiac obstruction by new growth; 
(5) disturbance of rhythm or conduction; 
(6) compression of the heart by fluid or diffuse 
invasion of the pericardium; (7) rupture of the 
myocardium; (8) embolism originating in tumor 
thrombi. It is remarkable that so few clinical 
manifestations develop, even with severe destruc- 
tion and replacement of cardiac muscle. Lisa 
and others?? point out other findings that do 
occasionally occur, namely, valvular disease 
resembling mitral stenosis, anginal pain and 
Stokes-Adams syndrome. According to these 
authors there are no diagnostic signs or symp- 
toms; however, the onset of cardiac dysfunction 
in the presence of widespread malignancy or 
intractable cardiac failure of obscure cause 


should make one suspect the presence of tumor . 


in the heart. 

Pericardial metastases are usually silent, more 
so than myocardial tumors, and pericardial 
effusion is the significant clinical finding.7?.?? 
Aspiration should be performed and the sedi- 
ment studied for tumor cells. Hemorrhagic 
fluid is significant but was present in only 
twenty-one of forty-five patients in this series. 
Constrictive pericarditis may result from peri- 
cardial metastases. 3031 

Electrocardiograms may be normal with 
considerable myocardial involvement and only 
occasionally reveal diagnostically helpful infor- 
mation, according to our experience. This is 
borne out by Siegel and Young?? who state there 
is no uniformity of findings; their most common 
abnormality was a variable inversion of T waves 
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and low voltage. Coronary inzarction patterns 
have been reported,??^?? also disturbances in 
conduction and arrythmias.?5.3€ 

X-ray of the chest has rarely been helpful in 
diagnosis in our series. In reviewing the litera- 
ture, the x-ray findings were rarely of diagnostic 
significance. Pericardial effusion and cardiac 
enlargement are the most important findings. 

Doane and Pressman’? summarized all cases 
of metastatic malignancy of the heart to be 
diagnosed prior to death; there were twenty 
cases to that date. In 1947 Brick and Green- 
field,?? in a survey to that date, found twenty-two 
instances of antemortem diagnosis of tumor of 
the heart. Four of these were primary tumors. 
To this series they added one case of reticulum 
cell sarcoma diagnosed before death. Later, 
instances of antemortem diagnosis of metastasis 
from carcinoma of the cecum?? and malignant 
melanoma were added.?? Dimmette*! in 1950 
reported four instances in which the antemortem 
presumptive diagnosis of metastasic lesions of 
the heart was made. DeLoach and Haynes! 
added two more such instances, as did Burnett 
and Shimkin.!? The antemortem-diagnosis was 
made seven times in this series of cases. 

Death usually is referable to complications of 
tumor other than the metastases to the heart, 
namely, cachexia, hemorrhage, infection and the 
like. This was noted in our group and in articles 
mentioned. In the past, sudden death has been 
regarded as fairly frequent but this was not 
apparent in our cases. There are occasional 
cases with sudden death due to Stokes-Adams 
syndrome and ball-valve action of obstructing 
tumor thrombi. We have not met with acute 
embolic phenomenon of tumor masses from the 
heart. One patient was reported to have died of 
cardiac rupture.?? 


SUMMARY 


An analysis of the findings in 217 cases of 
neoplasm with cardiac and pericardial metas- 
tases is presented. The clinical and autopsy data 
are correlated. 
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Association of Gastrointestinal Carcinoid 


Tumor with Cardiovascular Abnormalities' 


Davo M. SPAIN, M.D. 
Brooklin, New York 


SYNDROME of malignant intestinal carci- 
noid with hepatic metastases and 
fibrostenotic lesions predominantly of 

the pulmonic and tricuspid valves has recently 
been described. Isler and Hedinger! reported 
three of their own cases and commented on 
another. The three cases were individuals in the 
fourth, fifth and sixth decades. All had clinical 
evidence of right-sided heart failure wità 
dyspnea, cyanosis, neck vein distention, peripk- 
eral edema and cardiac murmurs. At post- 
mortem examination carcinoid tumors of the 
small intestines were present. These had 
metastasized extensively to the liver. In, two 
instances there were fibrostenotic changes in the 
pulmonic and tricuspid valves together with a 
more diffuse endocardial fibrosis. In the third 
case the valvular lesion was described as a form 
of “chronic recurrent verrucous endocarditis.” 
In one case there was also some involvement 
of the mitral valve. Rambo, Gore and Vance? 
described another case with essentially the sam=2 
clinical and autopsy findings. They postulated 
that the valvular alterations might perhaps 
have developed secondarily to some biochemr- 
cal effect on the endocardium produced by 
a substance liberated by the carcinoid tumor 
tissue. 


In order further to evaluate the incidence and. 


pathogenesis of this syndrome twenty-six autop- 
sied cases of carcinoid tumors of the gastroin- 
testinal tract, derived from an autopsy series af 
8,000 adults, were analyzed. In reviewing these 
cases particular attention was directed to anv 
developmental or acquired cardiovascular de- 
fects, the primary site and size of the carcinoid 
tumors, and the extent and distribution of the 
metastases. In addition, 500 autopsies sampled 
at random from the entire series of 8,000 were 
also studied relative to the presence oz develop- 
mental cardiovascular defects and fibrostenotic 


lesions limited to the pulmonic and tricuspid 
valves. In both groups of cases, those with 
carcinoid and those without, such findings as 
probe patency of the foramen ovale, fenestrations 
of the semilunar valves and minor accessory 
coronary orifices were ignored. The incidence 
of these alterations was the same in both groups 
and was in keeping with well established figures.? 

The observations concerning carcinoid tumors, 
metastases and cardiovascular abnormalities are 
presented in Table 1. 

In the 500 autopsies on adults without car- 
cinoid tumors, less than fifty (10 per cent) showed 
any developmental defects of the heart (exclud- 
ing the abnormalities mentioned previously). 
In contrast to this, in the twenty-six cases with 
carcinoid tumors there were nine (33 per cent) 
with unequivocal congenital defects or anoma- 
lies. In the control group there was not a 
single instance of isolated fibrostenotic involve- 
ment of the tricuspid and pulmonic valves. 
These valves were involved only in cases of 
rheumatic heart disease, in conjunction with 
involvement of the valves on the left side of the 
heart. In the cases with carcinoid tumors there 
were ten with varving degrees of right-sided 
valvular lesions; in none of these were there any 
stigmata of rheumatic heart disease. All told, 
eighteen of the twenty-six cases exhibited some 
cardiovascular abnormality or defect. 

Among the defects were two hearts with 
true Chiari’s net. The reported usual incidence 
of this finding is once in 500. Dextrocardia with 
an atretic right auricle and a pulmonic valve 
with four cusps are not very common anomalies 
yet these were present in this small group of 
cases. The incidence of the isolated tricuspid 
and pulmonic valvular changes appears even 
more significant. . 

Among the twenty-four cases in which the 
carcinoid was primary in the intestinal tract 
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Primary 
Site of 
Carcinoid 


TABLE I 


Sites of Metastases . Cardiovascular Abnormalities 
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9745 


40101 
10972 


11651 


11877 
12443 


13025 
13070 
13237 
13599 


13733 
13827 


14480 
14695 
14880 
14934 
14961 
14966 
15243 
15313 


15322 
16572 
17049 


9839 
11386 


` 11495 


Ileum 


Ileum 


Ileum 


Ileum 


Heum 
Ileum 


Deum 
Rectum 
Rectum 


Ileum 


lleum 


Stomach 


Ileum 
Ileum 
Ileum 
Ileum 
Ileum 
Ileum 
Cecum 


Ileum 
(multiple) 


Ileum 
Ileum 


Ileum 
Ileum 
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Liver, mesentery, Hyaline nodules on anterior pulmonic valve cusp 
lymph nodes 


None Dextrocardia; thin-walled right auricle 


Liver, lungs, pleura, Edematous thickening of tricuspid valve; su bpulmonic 
-lymph nodes. thyroid valve; endocardial fibrosis 


Liver, heart, lymph nodes | Marked sclerosis of pulmonic and tricuspid valves; 
hypertrcphy of right ventricle; aortic arch malfor- 
mation l 


Lungs Endocarcial fibrosis, right ventricle; extensive scar 
below pulmonic valve 


Liver, lungs, spleen Marked sclerosis of pulmonic valve with distortion; 
moderate fibrosis of tricuspid valve 


None Chiari’s network; coronary sinus valve 
None ' Anomalous aortic arch 
None None 


Liver, lymph nodes Tricuspid and pulmonic. valve sclerosis, marked; 
i anomalous aortic arch 


None . 1 None 


None ; Chiari s network; moderate fibrotic thickening of tri- 
cuspid valve 


Lymph nodes, ovary None 

Liver, pleura, lymph nodes | Widely patent foramen ovale 

None . Widely patent foramen ovale 

None ; None 

None Separate left circumflex artery arising from aorta 
Lymph nodes None 

Liver, lungs None 


None . | Four pulmonic cusps 


None None 
None None 


None Focal scarring of endocardium, both ventricles; sclero- 
sis of mitral valve 


None Fibrotic thickening of tricuspid valve with roughening 
of edge of infundibular leaflet 


None Edematous thickening of tricuspid valve; widely pat- 
f ent foramen ovale 


None None 
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(excluding the two appendiceal cases) were ten 
with metastases. This finding is in general agree- 
ment with the experience of others.? There was a 
notable difference, in the distribution of the 
cardiovascular lesions, between those with and 
those without metastases. Seven of the ten cases 
with metastases demonstrated endocardial fibro- 
sis with involvement of the pulmonic and tri- 
cuspid valves. Only three of the sixteen without 
metastases had any of these alterations. The 
other defects were more common in the cases 
without metastases. 

The endocardial changes varied in age, 
severity and extent. In some there was minimal 
fibrotic thickening which was diffuse or focal; 
in others it was extensive and resulted 1n marked 
anatomic distortion of the valves. In some in- 
stances the valves exhibited an earlier and 
edematous type of involvement. In one case a 
fresh non-bacterial thrombotic or verrucous 
type of endocarditis was superimposed upon a 
scarred valve. In a few instances there was 
fibrosis, at times extensive, in the endocardium 
beneath the pulmonic valve ring. In one case 
mitral valve involvement .also was present. 
The older and more advanced changes were 
found in those cases in which the carcinoid had 
metastasized; however, advanced changes were 
not necessarily limited to those with extensive 
hepatic metastases. 


DISCUSSION 


It is quite clear that the syndrome is not 
merely a coincidence of conditions. There is no 
ready explanation for the differences in the 
cardiovascular findings in those cases with 
metastases and those without. However, because 
of the high incidence of developmental cardio- 
vascular alterations in the group as a whole, and 
because there is justification for regarding 
carcinoid tumors as being developmental in 
origin, it is possible that there is a basic defect 
in the valvular substance which during life 
may progress to marked valvular damage. 

Rambo, Gore and Vance advanced the con- 
cept that the progressive and acquired changes 
in the valves may be related to some substance 
derived from the tumor tissue which exerts a 
deleterious effect on the endocardium. The 
discharge of this material into the right side of 
the heart, particularly if derived from liver 
metastases, might account for the predominance 


of the changes in this area. The carcinoid tumor: 


is thought to originate from the Kultschitzky 


cells which by some are claimed to have a 
neuroendocrine function.’ Pernow and Walden- ` 
strom® have recently demonstrated the presence 
of substances resembling 5-hydroxytryptamine 
(serotonin) during attacks of flushing in the 
blood and urine of two patients with carcinoid 
tumor. They also indicate that there is sufficient 
evidence now to be certain that this substance, or 
substances similar to it, are secreted by the 
intestinal argentaffin cells. They also quote a 


report by Lembeck who has recently found 


that benign carcinoid tumors contain large 
amounts of 5-hydroxytryptamine. This would 
support the concept of Rambo, Gore and Vance. 
The progression of the lesion on the valves may 
also be dependent on recurrent episodes of a non- 
bacterial thrombo-endocarditis with subsequent 
scarring. Such a lesion was observed in one of 
the cases in this group and another was re- 
ported by Isler and Hedinger. 

Other instances of the association of develop- 
mental neoplasms with non-neoplastic anomalies 
are known. One such example would be the 
association of congenital rhabdomyoma of the 
heart and renal cysts with tuberous sclerosis. 
Evidence for the developmental origin of carci- 
noid tumors is found in the early age at which 
they are observed in the appendix; their frequent 
and characteristic location near the tip of the 
appendix; the multiplicity of primary sites in 
individual cases; and the peculiar type and rate 
of growth. 

Since patients with carcinoid may survive 
for many years even with extensive metastases 
there is time for the valvular lesions to develop 
to the extent that they may be recognized 
clinically. Perhaps ‘biochemical study of these 
cases, as suggested by others, may provide an 


explanation for the progression of the basic 


developmental cardiovascular defect. 

‘It should be noted that the valvular changes, 
at least in their end stages, are anatomically 
indistinguishable from those that may occur in 
rheumatic heart disease. 


SUMMARY 


1. Carcinoid tumors of the gastrointestinal 
tract appear to be associated with a high inci- 
dence of cardiovascular abnormalities. 

2. In addition to cardiovascular develop- 
mental defects or anomalies, acquired endo- 
cardial lesions predominantly involving the 
tricuspid and pulmonic valves are frequently 
present. 
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. 3. The most advanced involvement of the 
tricuspid and pulmonic valves is found in 


those cases in which the carcinoid tumor has 


metastasized. 
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Dermatomyositis: Diagnostic Features and 


Therapeutic Pitfalls” 


Capr. C. A. DOMZALSKI, M.c.f and Lieur. V. C. MORGAN, M.c.] 
Fort MacArthur, California 


cases which (1) highlight the value of uri- 

nary creatine determinations and muscle 
biopsy in arriving at a diagnosis of dermato- 
myositis, (2) conversely, delineate the clinical 
features of dermatomyositis which make possible 
a positive diagnosis in the face of incomplete 
laboratory confirmation, and (3) illustrate haz- 
ards which beset ACTH-cortisone therapy in 
this disease. 

Dermatomyositis, the rarest of the so-called 
collagen diseases,! was first described in 1863 
by Wagner.? Scheuermann? was able to review 
263 cases in 1939 and the number of reported 
cases is now in the vicinity of 600. - 

Dermatomyositis is difficult to define with 
precision because it is primarily a clinical 
entity, with little pathologic or biochemical 
. distinctiveness. In 1922 Steiner? described it as 
subacute or chronic disease of 
unknown origin characterized by a gradual 
onset, with vague or indefinite prodromes, fol- 
lowed by edema, dermatitis and a multiple 
muscle inflammation." This was modified in 
1935 by Sydenstricker and Thomas® to read 
*non-suppurative muscle inflammation." 

It is now possible to describe dermatomyositis 
more exactly as a collagen disease in which 
non-suppurative polymyositis with creatinuria is 
the distinguishing characteristic, commonly ac- 
companied by dermatitis and edema. Emphasis 
on creatinuria in dermatomyositis is justified 
because in no other collagen disease is this 
abnormality so striking and so consistent. 


I is the purpose of this report to describe two 


CASE REPORTS 


Case 1. A fifty year old retired Master 
Sergeant first sought medical aid at the Reno 
Veterans Administration Hospital, July 11, 


- 


1953, because of pain in the right shoulder. The 
shoulder area was injected with procaine for 
relief of “bursitis.” The next day dyspnea and 
right chest pain developed which proved to be 
due to pneumothorax. The patient was hospital- 
ized for thirty days and the lung expanded 
satisfactorily. Studies for tubercle bacilli were 
negative. 

After leaving the hospital he was asympto- 
matic until August 22, 1953, when pain in the 
right shoulder recurred, followed in the next two 
weeks by migratory polyarthritis involving the 
shoulders, hands, knees and back. Intermittent 
swelling without redness was present in the 
peripheral joints. Five days prior to admission 
a cough productive of thick white sputum 
developed. 

On admission to the hospital, September 10, 
1953, the patient was almost immobilized by 
severe articular pain. Physical examination 
showed swelling of the wrists and signs of 
pleural fluid in the right chest. Initial laboratory 
studies showed normal urine, leukocyte count, 
hemoglobin and sedimentation rate (4 mm./hr., 
Wintrobe). Chest roentgenograms showed fluid 
covering the lower one-third of the right lung 
field and a hazy infiltrate in each apex. (Fig. 1.) 
He was able to produce only one scanty twenty- 
four-hour sputum sample; this and three gastric 
washings were negative for tubercle bacilli. Sec- 
ond strength tuberculin (PPD) was positive. 

His cough and expectoration cleared up within 
a week without therapy. Within four weeks the 
pleural reaction subsided with minimal residual 
thickening, and the apical densities disappeared. 
In the meantime arthritis became the dominant 
feature of his illness. Joint pain became less 
migratory and more persistent, and peri- 
articular thickening about the shoulders, wrists, 


* From U.S. Army Hospital, Fort MacArthur, California. 
T Present address: Sansum Clinic, Santa Barbara, California. 
Í Present address: U. S. Army Dispensary, .Port of Whittier, Alaska. 
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metacarpophalangeals and knees progressed at 
an alarming rate. About the tenth hospital day 
it was noted that weakness of the distal muscles 
of the upper extremities was developing, quite 
out of proportion to the severity and duration of 
his arthritis. The muscle bellies were not swollen 
or tender but atrophy was evident. Effusion 
appeared in the right knee and moderate edema 
of the ankles developed. Pale amber fluid, 
20 cc., was aspirated from the right knee and 
showed 2,800 leukocytes per cu. mm. of which 
1 per cent were eosinophils. The serum uric acid 
was 2.3 mg. per cent, the serum NPN 35 mg. 
per cent, the serum albumin was 2.7 gm. per 
cent and the serum globulin 3.7 gm. per cent. 
The sedimentation rate rose to 52 mm. per hour. 
A serum test for L.E. cells was negative. 

A tentative diagnosis of dermatomyositis was 
made. 

Urinary excretion of creatine was found to be 
780 mg. per twenty-four hours. (Table 1.) 
Biopsy of the right gastrocnemius muscle was 
reported to show: “‘several fragments of skeletal 
muscle fibers; in several areas there are degen- 
erative changes. The interstitial vessels show a 
diffuse chronic inflammatory infiltrate in pert 
vascular regions. This infiltrate consists of 
lymphocytes and monocytes. In an occasional 
area inflammatory cells are noted in the wall and 
within the lumen of the vessels. A larger area 
reveals a diffuse chronic inflammatory process 
between fragments of eosinophilic amorphous 
staining material, suggesting degenerative skele- 
tal muscle fibers and collagen bundles. This 
process is similar to those around the vessels, but 
in addition there are plasma cells and cells with 
pale nuclei suggesting reticulum cells. The 
vessels in this area show marked degeneration of 
their walls, with eosinophilic hyaline material 
within the lumen. There is an absence of 
granulation tissue, neutrophils and eosinophils. 
Diagnosis: Dermatomyositis, gastrocnemius mus- 
cle, right." 

By the fourth week in the hospital fibrous 
ankylosis of the involved joints was detectable 
despite the use of salicylates and physiotherapy. 
Hydrocortone, 20 mg. q.i.d., was started orally 
on the thirty-fourth hospital day, with prompt 
relief of pain and stiffness. However, peri- 
articular thickening and limitation of motion 
were only slightly ameliorated. The erythrocyte 
sedimentation rate fell to 11 mm. per hour, and 
the serum albumin was 3.3 gm., globulin 3.1 gm. 
per 100 ml. As can be seen from Table 1, a 
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Fic. 1. Case 1. Right pleural effusion and bilateral 
apical infiltrations present at the time of first admission 
to hospital. 


gratifying drop in urinary excretion of creatine 
occurred. To our chagrin, however, this change 
toward normal occurred three days before 
hydrocortone was started. 

Although he had been bedridden before begin- 
ning treatment, the patient became hyperactive 
after starting hydrocortone. He had insomnia 
and was alternately euphoric and bellicose. At 
his insistence he was released from the hospital 
on the nineteenth day of hydrocortone therapy. 

Outpatient follow-up November 17, 1953, 
showed continued improvement. On December 
1, 1953, cortisone, 67.5 mg. per day, was sub- 
stituted for hydrocortone and gradual with- 
drawal of the hormone was begun. On Decem- 
ber 15 he complained that pain and stiffness in 
his wrists and knees were accentuated. The 
effusion in his left knee had recurred and fibrous 
ankylosis of his shoulders had progressed to the 
point where abduction was limited to about 25 
degrees to each side. He complained of **heart- 
burn" and an episode of nocturnal vomiting. 
He vigorously denied ever having had any 
gastrointestinal symptoms prior to his present 
illness. Because of the danger of a cortisone- 
induced peptic ulcer, antacid medication was 
started and the dose of cortisone was further 
reduced to 50 mg. per day. 
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Fic. 2. Case 1. Small ulcer (1) high on lesser curvature 
of stomach, and (2) large prepyloric ulcer which 


simulates a peristaltic wave but on fluoroscopy was 
fixed and failed to transmit peristalsis. 


His epigastric distress worsened and on 
December 28, 1953, he vomited approximately 
one quart of coffee-ground material and passed 
two tarry stools. He was admitted to the hospital 
in shock, which responded to transfusions. An 
upper gastrointestinal series three days later 
showed a large ulcer crater on the pyloric por- 
tion of the lesser curvature of the stomach. A 
second ulcer, considerably smaller, was later 
demonstrated higher on the lesser curvature. 
(Fig. 2.) The patient left the hospital against 
advice on the eighth day. He adhered to an 
ulcer regimen and roentgenograms of the 
stomach showed progressive healing of both 
gastric ulcers, with complete disappearance by 
March 10, 1954. 

Cortisone was stopped at the time of his 
hematemesis, and his stiffness progressed: mo- 
tion of his mandible was restricted to approxi- 
mately 15 degrees, and he could no longer close 
his fingers into a fist. Atrophy of the calf, 
shoulder and interosseous muscles of the hands 


was pronounced. Fasciculation of the muscles of 


his upper back was noted. His gait was slowed 
to a shuffle by pain across the dorsa of his feet 
and persistent edema of his feet and ankles. 


Excretion of creatine dropped briefly to normal 
(Februarv) after discontinuation of cortisone 
but then resumed the level which had been 
present therapy. (Table 1.) 
Mixed tocopherols (50 mg. twice daily) and 
testosterone propionate (25 mg. intramuscularly 


before steroid 


TABLE I 
TWENTY-FOUR HOUR CREATINE * AND GREATININE 
EXCRETION (CASE I) 





Creatinine 


Creatine * K : 
Urine Volume 


Date mg. / em. / 
ii hr) Hs hr.) (cc. /24 hr.) 
oen, 21, 1953 780 27 2600 
Oct. 12, 1953 600 2.65 2805 
Oct. 19, 1953 222 2.1 1800 
Oct. 28, 1953 212 a 1800 
Nov. 3. 1953 238 1.76 1925 
Nov. 8. 1953 232 1.6 1980 
Nov. 19, 1953 134 b. 1875 
Dec. 28, 1953 267 1:7 | 2230 
Feb. 16, 1954 85 1.7 1200 
Mar. 19, 1954 464 2.2 1750 
Apr. 27, 1954 209 1.5 1480 





* Method of creatine determination. Hawk, P. B., Oser, 
B. L. and Summerson, W. H. In: Practical Physiological 
Chemistry, 12th ed., p. 509. Philadelphia, 1937, P. 
Blakiston's Son & Co. The normal range is 0-200 mg. / 
diem. 


twice weekly) were administered for the next 
three months, during which time slow but 
unmistakable improvement in muscular strength 
and joint mobility occurred. Figures 3 and 4 
illustrate the muscular atrophy, edema and 
articular changes present at this time. 

In this case a collaeen disease was first 
suggested by the coexistence of pleural effusion 
and arthritis. A negative L.E. cell test ruled out 
systemic lupus erythematosus, and the rapid 
development of persistent joint damage ex- 
cluded rheumatic fever. The arthropathy was 
typical of rheumatoid arthritis but this was not 
considered to be the definitive diagnosis be- 
cause: (1) muscular atrophy 
developed with unusual rapidity and severity, 
and (2) the disease began with pleuropulmonary 
involvement. Visceral lesions may occur in 
rheumatoid arthritis but usually late in the 
disease and they are often subclinical, being 
discovered at autopsy. A great variety of serious 
visceral manifestations has recently been reported 
in patients with rheumatoid arthritis, including 
pleuritis, pneumonitis, pericarditis, pathologic 


weakness and 
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Fic. 3. Case 1. Involvement of wrists, hands, ankles and left knee. Edema of legs. 


Fic. 4. Case 1. Mild to moderate atrophy of muscles of legs, upper back and shoulder girdles. Shoulders and wrists are 
maximally extended, showing degree of ankylosis ten months after onset of illness. 


findings of periarteritis nodosa® and false posi- 
tive serum L.E. tests,’ following treatment 
with cortisone. The pleuropulmonary lesions 
in our patient appeared concomitantly with the 
joint symptoms and before 
administered. 

Confirmation of the diagnosis of dermato- 
myositis was afforded by the marked creatinuria 
and by muscle biopsy. This patient’s persistent 
failure to develop dermatitis is unusual but 
similar cases of dermatomyositis have been 
reported.* 


cortisone was 


The two gastric ulcers in this patient were 
probably secondary to steroid therapy. The fact 
that he had had no gastrointestinal symptoms 
prior to ingesting hydrocortone and cortisone, 
and the healing which followed withdrawal of 
the hormones support this conclusion. The 
possibility remains that the ulcers resulted from 
dermatomyositic involvement of the submucosal 
blood vessels with infarction of the gastric 
mucosa. Gastrointestinal ulceration on this 
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basis has been demonstrated at autopsy in 
dermatomyositis.” 

Case u. A twenty-two year old housewife 
was admitted to the hospital September 22, 1953, 
complaining of a skin rash. The eruption began 
on August 15th with a few small papules on the 
left wrist. Three days later penicillin, 300,000 
units t.i.d., was given at another hospital in 
conjunction with a minor operation on the 
urethra. The following day an eruption on her 
breasts developed which within a week spread 
over her entire body, sparing only the face and 
back. On admission she presented many large 
scaling plaques (3 to 8 inches in diameter) which 
were dry and intensely pruritic. The plaques 
had raised edges and no central clearing. The 
scale was white, hard and adherent. There was 
no ulceration or mucous membrane involve- 
ment. All lymph nodes accessible to palpation 
were moderately enlarged and slightly tender. 

Past history revealed no previous allergic 
phenomena and was otherwise non-contributory. 
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Initial laboratory studies, including urinalysis, 
complete blood count, serologic tests and chest 
roentgenogram were normal. 4^ consulting 
dermatologist reported a punch biopsy of the 
skin as “negative,” and suggested a tentative 
diagnosis of penicillin reaction. Neurodermatitis 
was considered because of the fact that one 
month before her rash appeared the patient had 
witnessed the death of one of her children in an 
automobile accident. 

Response to antihistaminics and topical 
therapy was poor, and she was given ACTH by 
intravenous drip for four days and then intra- 
muscularly for eight days. There was doubtful 
improvement and therapy was changed to 
cortisone for one week in decreasing dosage. 
Her temperature reached 100°F. on three 
occasions. At the time of dismissal on the twenty- 
second day there was slight improvement in her 
skin. She remained at home only five days. Al- 
though her dermatitis became much worse, 
her readmission was actually prompted by 
muscular rather than cutaneous symptoms. 
During her first hospital stay she had complained 
of a great deal of back pain, and the paraspinal 
muscles were remarkable tender to palpation. 
At that time the significance of this observation 
escaped us. After she left the hospital similar pain 
appeared in her arms and legs. All of the in- 
volved muscles developed an inordinate degree 
of weakness in a short time and on readmission to 
the hospital the patient was unable to walk 
because of pain and weakness in her legs. 

Examination showed that she was acutely and 
severely ill, with a temperature of 103.6?r. 
Her body was covered from scalp to toes with a 
dry exfoliation, severely pruritic, and the under- 
lying skin in a few areas showed purplish mot- 
ting suggestive of small ecchymoses. Mild 
edema, both subcutaneous and intracutaneous 
was present over the entire body, most pro- 
nounced periorbitally. The muscles of her back 
and extremities were exquisitely tender to pres- 
sure. The lymphadenopathy previously noted 
was accentuated. There was tachycardia (120/ 
min.) and a systolic murmur grade m in the 
pulmonic area. 

Urinalysis and complete blood count were 
again normal, without eosinophilia or lympho- 
cytosis. Fluoroscopy of the chest showed that the 
cardiac silhouette was somewhat more globular 
than before, and the amplitude of cardiac 
pulsations was diminished, suggesting peri- 
carditis. An electrocardiogram showed right axis 


deviation, low amplitude QRS in Lead 1, aVR 
and aVF, T waves upright in Lead r, inverted in 
Lead mr and flat in aVF. The transition zone 
appeared in lead V;. A second electrocardio- 
eram seven weeks later was normal. 

TABLE n 


TWENTY-FOUR HOUR CREATINE AND CREATININE 
EXCRETION (CASE II) 











Creatine | Creatinine 
Date (eng. 7 (gm. / Urine Volume 
24 hr.) | 24 hr.) (ce. /24 hr.) 
Oct. 22, 1953 465 2.0 | 1600 
Nov. 2, 1953 | 279 1.26 | 1860 
Nov. 4, 1953 162 1.1 1250 
Nov. 17, 1953 1680 1.73 2650 
1.6 1400 


July 2, 1954 | 168 


A tentative diagnosis of dermatomyositis was 
made. 

Urinary excretion of creatine the day after her 
second admission was 465 mg. in twenty-four 
hours. (Table m.) Biopsy of the skin and right 
gastrocnemius muscle three days after admission 
was reported to show “intact muscle fibers 
separated by loose mildly vascular fibrous con- 
nective tissue. A moderately thickened, para- 
keratotic epidermis which exhibits mildly elon- 
gated club-shaped rete pegs, a thin granulosal 
layer, and frequent cells showing intracellular 
edema. A few small aggregations of segmented 
neutrophiles are present within the para- 
keratotic lamina. The vascular dermal papillae 
are elongated, extend close to the surface, and 
contain scattered lymphocytes, occasional seg- 
mented neutrophiles, and a few melanin laden 
macrophages. The underlying dermis exhibits 
many capillaries cuffed by lymphocytes. Diag- 
nosis: Skeletal muscle, no diagnostic features; 
dermatitis, chronic, nonspecific." 

ACTH was reinstituted October 23rd im- 
mediately after the biopsy. Within four days 
fever subsided and she was able to eat and sit up 
in bed. Exfoliation continued however at a 
brisk pace. Raw fissures appeared in the flexural 
creases under the breasts, at the elbows and 
groins. She complained bitterly of a feeling of 
tightness in her skin and refused to move for fear 
her skin might crack open. The itching and dry- 
ness could be controlled only by keeping her 
swathed from head to toe in lanolin dressings. 
Despite all efforts she shed great quantities of 
skin and lost weight steadily. 
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A second dermatologic consultation was 
obtained, and a third biopsy was taken from the 
right deltoid area. This was reported to show 
features “highly suggestive of psoriasis, which 
can occasionally exfoliate." Urine analysis for 
arsenic was negative. A serum test for L.E. cells 
was negative on two occasions. The serum 
protein-bound iodine was 6.6 ug. per 100 cc., 
NPN 28 mg. per cent, creatinine 1.0 mg. per 
cent, total cholesterol 283 mg. per cent, and 
cholesterol esters 206 mg. per cent. The serum 
contained 3.7 gm. of globulin and 3.3 gm. of 
albumin per 100 cc. 

Withdrawal of ACTH was begun. Sutures 
sloughed from both biopsy wounds and healing 
was slow. By the twentieth day her lymphadenop- 
athy and muscle tenderness were gone and she 
was able to walk. However, muscular weakness 
was extreme, and syncope due to postural 
hypotension occurred on several occasions. 
During the fourth week in the hospital painful 
erythematous stomatitis developed which cleared 
with local measures. 

On the twenty-seventh day creatine excretion 
reached the remarkable level of 1,680 mg. in 
twenty-four hours. Review of the second biopsy 
by the Armed Forces Institute of Pathology 
was reported to show: *changes in the epidermis 
which tend to be psoriasiform but are not 
diagnostic of this entity. The changes in the 
muscle are those of an increased number of 
sarcolemma nuclei and slight degeneration of 
the muscle fiber." 

Bilateral acute otitis media with fever (103^r.) 
developed on the thirtieth day. This responded 
to terramycin.? About the thirty-fifth day 
striking subsidence of the exfoliation was noted. 
Despite the encouraging progress of her skin 
lesions the patient remained depressed. Through- 
out her illness she had been rather mute and 
required much reassurance and cajoling to get 
her to eat, to resume walking and to try to help 
herself. On the thirty-ninth day she abruptly 
became violently agitated, with delusions and 
paranoid traits. She was transferred to a Neuro- 
psvchiatric Hospital. 

She returned to us for follow-up examination 
seven months later, nine months after the onset of 
her illness. Her psychosis had cleared after 
withdrawal of ACTH and a long course of 
electroshock and insulin shock therapy. All of 
her muscular pain, tenderness and weakness 
were gone, she had regained her normal weight 
and felt entirely well. A complete blood count 
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and urinalysis were normal. Urinary excretion 
of creatine was 168 mg. in twenty-four hours. 

Although myositis and creatinuria are no 
longer in evidence at the time of writing, her 
present state probably represents remission 
rather than recovery since she still has moderate 
exfoliation involving the hands and feet, and 
serial chest roentgenograms show an increase of 
1.5 cm. in the transverse diameter of the heart. 
(Figs. 5 and 6.) 

The classic triad of polymyositis, edema and 
dermatitis was so striking in this patient that a 
firm diagnosis of dermatomyositis was possible 
in the face of negative biopsy reports. The in- 
tense creatinuria did much to bolster the diag- 
nosis. Eventually a biopsy report consistent with 
the diagnosis of dermatomyositis was obtained. 

Despite the fact that the microscopic changes 
described were consistent with dermatomyositis, 
this diagnosis was not ventured by the patholo- 
gists who reviewed the biopsies. ‘This underlines 
an important point: the microscopic findings in 
dermatomyositis are non-specific and occur in 
several diseases. At best, when the microscopic 
changes are well advanced, as they were in the 
biopsy from our first patient, a pathologic diag- 
nosis of dermatomyositis may be advanced, but 
not without hesitation. Furthermore, the chances 
of sampling a histologically involved site even in 
unquestionable dermatomyositis are far from 
100 per cent. In short, a positive biopsy however 
desirable is not a sine qua non. 

Psoriatic dermatitis!! and exfoliative der- 
matitis? may occur in dermatomyositis but the 
combination of both in a single patient has not 
previously been reported. Stomatitis of the type 
presented by this patient occurs in approximately 
one-third of patients with dermatomyositis.**"! 
The spontaneous disruption and delayed healing 
of both biopsy wounds was disconcerting, and 
may have been related to ACTH therapy. 
Wound disruption (laparotomy) was noted by 
Cottell? in a patient with dermatomyositis 
who was not under treatment with ACTH. 

Electrocardiograms and fluoroscopy gave 
evidence of cardiac involvement but were not 
specific enough to permit a definite diagnosis 
of either pericarditis or myocarditis. Enlarge- 
ment of the cardiac silhouette on follow-up chest 
roentgenogram nine months after onset of her 
illness was additional evidence of cardiac in- 
volvement. Electrocardiographic abnormalities 
are frequent in dermatomyositis but pericarditis 
is rare. 
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Fic. 5. Case 1. Chest roentgenogram, first month of illness. Normal cardiac silhouette. 


Fic. 6. Case ri. Ten months after onset. Increase of 1.5 cm. in transverse diameter of heart. Multiple films demon- 
strated persistence of the enlargement in all phases of respiration and during the Valsalva maneuver. Normal cardiac 
pulsations on fluoroscopy and a normal electrocardiogram suggest that this represents the effects of myocardial rather 


than pericardial involvement. 


As with our first patient, a major complication 
necessitated the discontinuation of steroid 
therapy. Although her psychosis may have been 
precipitated by ACTH, it may actually have 
been an expression of dermatomyositic cerebral 
involvement since distinct pathologic lesions, in- 
volving particularly the frontal lobes, have been 
described in patients with dermatomyositis. !? 


REVIEW OF THE LITERATURE 


Because our cases presented many unusual 
features it seemed desirable to determine the 
outer limits of the syndrome of dermatomyositis. 
It is evident from a review of the literature that 
while the fundamentals of dermatomyositis are 
polymyositis with creatinuria, dermatitis and 
edema, this disease is as protean in its manifesta- 
tions as any other collagen disease. 

Dermatitis. ‘The dermatitis in dermatomyo- 
sitis. varies almost beyond belief. It may be 
erythematous, erysipeloid,!^ macular, papular,‘ 
telangiectatic,!? purpuric, vesicular, bullous, !° 
ulcerative, exfoliative?!” or psoriatic.!°!* The 
skin may be shiny or dull, thickened or atrophic, !* 
scaly or like wrinkled parchment. The accessory 
skin structures are often involved: hypertricho- 


sis!?-20 and alopecia,®:!*:?!:22 either patchy or 
diffuse, have been described. Hyperhidrosis, ?* 
photosensitivity! and Raynaud’s phenome- 
non'!-?! may occur. Pigmentation, localized or 
generalized, may occur alone or with areas of 
deprmentation in the same patient.!*!9 Follic- 
ular keratosis?? and pitting of the fingernails!’ 
have been mentioned. Dermographia,!? urti- 
caria, erythema nodosum?* and erythema 
muluforme!? have called attention to the role of 
allerev in some cases. Subcutaneous calcifica- 
üon,?*** especially over pressure points, occurs 
almest as often in dermatomyositis as it does in 
scleroderma. On the other hand, skin changes 
may remain persistently absent. ! !? 

Edema. Facial edema, especially periorbital,!? 
combined with cutaneous telangiectasia is very 
common in dermatomyositis and has given rise 
to the popular terms “heliotrope eyelids” and 
"heliotropic bloating."'* Swelling may be 
confined to areas overlving inflamed muscle or 
may be generalized, tending to become depend- 
ent in ambulatory patients. It apparently bears 
little or no relation to the serum protein changes. !? 
Although edema may involve the entire body 
surface, both intra- and subcutaneously, fluid 
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collections in the serous cavities are unusual? 
in dermatomyositis. 

Myositis. Dermatomyositis can be diagnosed 
without dermatitis but not without myositis. 
The term “primary polymyositis’ applied to 
this disease by earlier writers!! served to 
emphasize the basic position of the muscular 
component in this syndrome. 

The process may begin in any muscle, and 
remain limited to one muscle, but it usually 
involves many muscles in a bilaterally sym- 
metric fashion, with a predilection for the 
neck," shoulder and pelvic girdle.?5 Pain, 
weakness and stiffness are the presenting symp- 
toms. Examination may reveal nothing ab- 
normal, or may disclose muscles which are 
exquisitely tender,?*?? swollen and doughy. 
As the disease progresses the muscles may be- 
come hard and fibrotic. Lumpy infiltrations and 
calcium deposits?? may become palpable. 

The tempo of muscle destruction varies 
greatly. The muscles may be so painful and 
tender as to make the patient cry out with the 
least motion or lightest touch. In other instances 
progressive weakness is the only sign of the 
insidious atrophy going on. Whether fulminat- 
ing or gradual, severe loss of muscle tissue results 
in contractures and deformity’! reminiscent of 
that following poliomyelitis. In severe cases the 
muscles of respiration and deglutition are in- 
volved, with death resulting from asphyxia or 
aspiration pneumonia. Extraocular muscle in- 
volvement has been reported.?? Smooth muscle is 
never involved but significant myocardial in- 
volvement is not unusual.? !!.15.15.]? 

Creatinuria. Ever since Steinitz and Steinfield 
first recorded creatinuria in a case of dermato- 
myositis in 1931?" many investigators have 
shown that urinary excretion of creatine is 
consistently and sometimes spectacularly?? ele- 
vated in this disease. It is the most easilv 
measured index of muscle destruction and is 
thereby the most helpful single laboratory test 
in the diagnosis of dermatomyositis. The creatine 
tolerance test (normals retain from 70 to 80 per 
cent of an oral dose of 1.32 gm. of creatine 
hydrate),?? and quantitative analysis of muscle 
for creatine (normally 400 mg. of creatine per 
100 gm. of muscle, decreased to about 200 mg. 
in muscle of patients with dermatomyositis) 
afford similar information but are beyond the 
reach of the average clinical laboratory. 

Normal adult men excrete no creatine (up to 
200 mg. per twenty-four hours in some labora- 
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tories) while women, children, castrates and 
elderly men may excrete amounts up to 400 mg. 
per twenty-four hours. Creatine excretion is 
unaffected by the menstrual cycle,** confinement 
to bed,** or by variations normally encountered 
in the average diet. Increase in the excretion of 
creatine may be reflected in a corresponding 
decrease in urinary excretion of creatinine 
(normally 1 to 2 gm. per day). Some authors 
attach special significance to the creatinine 
coefficient? (mg. of creatinine excreted in 
twenty-four hours/kg. body weight, normally 18 
to 32; usually much less than 18 mg./kg. body 
weight in dermatomyositis). 

Creatinuria in dermatomyositis may be 
intense, ranging in various reports as high as 
1,100 mg. per twenty-four hours.!! Creatinuria 
may also occur in other conditions. ‘Those com- 
monly listed include:?* (1) Myopathies: muscu- 
lar dystrophv, the myopathy secondary to 
amyotrophic lateral sclerosis, myotonia atro- 
phica, amyotonia congenita. (2) Endocrino- 
pathies: diabetes mellitus, thyrotoxicosis, acro- 
megaly, Cushing's syndrome, Addison's disease. 
(3) Infection: poliomyelitis. (4) Diet: starva- 
tion. (5) Drugs: thyroid, ACTH, cortisone and 
epinephrine. 

Scattered reports have mentioned?' creatinu- 
ria in such various conditions as schizophrenia, 
tetany following parathyroidectomy, high fever 
of any origin, high protein diet, high carbo- 
hydrate diet, dinitrophenol ingestion, toxemia 
of pregnancy, malignancy, diseases of the liver 
and diseases of the heart. In these latter condi- 
tions creatinuria is rather poorly documented. 

The differential diagnostic value of creati- 
nuria in dermatomyositis is enhanced by the 
fact that creatine excretion is only slight in 
rheumatoid arthritis** and absent in fibrositis.?" 
Significant creatinuria may occur in systemic 
lupus erythematosus, *? a disease which at times 
is clinically difficult to distinguish. from der- 
matomyositis. Here, however, the serum L.E. 
test provides differentiation. 

Other Laboratory Findings. An elevated serum 
globulin is frequent in dermatomyositis. Moder- 
ate leukocytosis, 10,000 to 15,000 cells, is fairly 
frequent. Leukopenia and eosinophilia occur at 
some time in approximately one-fourth of cases. 
Anemia is absent or of the mild normochromic 
variety common to a great host of chronic 
inflammatory diseases. Elevation of the erythro- 
cyte sedimentation rate is found in 25 per cent 
of cases. 
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The urine shows mild albuminuria, up to 2 
plus, in about one-half of cases, and is otherwise 
negative except in very rare instances when 
severe renal involvement is present.?! 

Other abnormal findings described in isolated 
reports include low serum sodium, increased 
serum alkaline phosphatase, diabetic glucose 
tolerance test, decreased urinary excretion of 
17-ketosteroids*? and decreased peripheral util- 
ization of glucose.?* 

Pathology. ‘The histopathologic changes in the 
skin in dermatomyositis are not specific!’ enough 
to make the diagnosis. In the usual case with an 
erythematous rash, the microscopic findings con- 
sist of atrophy of the epidermis with thinning or 
loss of the dermal papillae, and edema of the 
basal cell layer with numerous *' balloon cells." *! 
The dermis and subcutaneous tissue show 
changes which clearly label the condition as a 
collagen disease. The collagen fibers undergo 
degenerative changes, i.e., homogenization, loss 
of staining ability and thickening.? The blood 
vessels show sclerotic changes in the collagen of 
their walls, hyaline subintimal proliferations?! 
and perivascular cellular infiltrates. It should be 
noted that the cellular infiltrates in the sub- 
cutaneous tissue, around the blood vessels and, 
as will be noted later, in the muscles, are variable 
in their composition. The most common infiltrate 
is lymphocytic but polymorphonuclears, histio- 
cytes and plasma cells are encountered, as well 
as occasional eosinophils and rare Langhans 
giant cells. 

In the presence of the dermatitides which less 
commonly appear in the course of dermato- 
myositis, such as lichen planus,!??? eczema, 
poikiloderma, psoriasis and scleroderma-like 
patches, the microscopic findings merely mirror 
the clinical type of dermatitis which happens to 
be present. However, the collagen and blood 
vessel alterations already described are basic and 
will persist to some degree. 

lhe gross pathology of muscle involved by 
dermatomyositis is limited to abnormal pallor 
of the muscle and changes in consistency, either 
mushy or fibrotic and hard. Calcium plaques 
and hemorrhages are occasionally discernible. 
Ihe histopathologic changes in muscle include 
acute degeneration of muscle, with a hyaline 
appearance due to loss of striations and altered 
affinity for stains, vacuolation of the cytoplasm, 
fragmentation and rupture of scattered fibers, 
blebbing of the sarcolemma sheath and increase 
in the number of sarcolemma nuclei.? The 


interstitial tissue regularly shows edema, scat- 
tered small hemorrhages and cellular infiltrates 
of varied composition, especially perivascularly. 
The lesions in cardiac muscle and in the muscles 
of the tongue and esophagus are identical though 
usually less profound than those in skeletal 
muscle.’ As the disease advances muscle is 
replaced with fibrous tissue and the end stage 
is characterized by dense scarring. 

Involvement of Other Organs. Although skin 
and muscle involvement are preeminent in 
dermatomyositis, this collagen disease like other 
members of the group may involve practically 
any organ in the body. 

Mucous and serous membranes: Involvement of 
the conjunctiva’? has been reported, and ap- 
proximately one-third of all cases of dermato- 
myositis have stomatitis? the lesions of which 
include macules, punctate to diffuse ery- 
thema, hemorrhages, vesicles. ulcers, leuko- 
plakic patches, pigmentary deposits, edema and 
scarring. Gingivitis and glossitis are usual 
accompaniments. 

Serositis is unusual in dermatomyositis?” but 
there are sporadic reports of pericardial effu- 
sion,?! obliterative pericarditis,?! pleurisy with 
effusion,*? ascites and anasarca. 

Cardiovascular system: Raynaud's phenomenon 
and acrocyanosis!!*! are fairly frequent mani- 
festations of the widespread arterial involve- 
ment in dermatomyositis. In one case 
differentiation from Buerger's disease was 
difficult. *4 

The high incidence (approximately 25 per 
cent) of cardiac involvement in dermatomyo- 
sitis is perhaps not surprising in view of the fact 
that the myocardium is striated muscle. Tachy- 
cardia out of proportion to the degree of fever, 
systolic murmurs, pericardial friction rub and 
auricular fibrillation have been encountered. 
The most common electrocardiographic ab- 
normalities are low voltage and evidence of non- 
specific myocardial damage, both right and left 
hypertrophy and *'strain" having been reported. 
At autopsy cardiac enlargement and histologic 
evidence of myocarditis have been repeatedly 
verified.” 18:45 Aschoff's nodules are consistently 
absent.?? 

Respiratory tract: Dermatomyositic destruction 
of laryngeal and thoracic muscles may produce 
dysphonia, hoarseness, slowness of speech,*® 
dyspnea and difficulty in coughing. Pulmonary 
infiltrates in dermatomyositis have been de- 
scribed as miliary,” hilar!? and basal linear.*! 
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Pathologic evidence as to the nature of these 
pulmonary lesions is lacking. 

Gastrointestinal tract: Gastrointestinal ulcera- 
tion with hemorrhage and perforation may occur 
as a result of intimal thickening and thrombosis 
of small submucosal arteries, anywhere from the 
esophagus to the rectum.’ Involvement of 
striated muscle in the esophagus may cause 
dysphagia and external anal sphincter may 
produce fecal incontinence. *® 

Genitourinary tract: Gross hematuria, azotemia ** 
and hypertension?? occur, although rarely, in 
dermatomyositis. 

Central nervous system: Cerebral lesions consist- 
ing of petechial hemorrhages, ** perivascular and 
interstitial lymphocytic infiltrations, *? neuronal 
damage and glial proliferation in the frontal 
lobes and cranial nerve nuclei? have been dis- 
covered at autopsy. Disorientation,*! hallucina- 
tions and delirium!? are encountered clinically. 
Paresthesias,?! hypesthesia and lancinating pains 
have been described, and are attributable to 
perineural inflammation with demyelinization? 
which can be demonstrated in peripheral nerves. 
By far the most common *'neurologic" abnormal- 
ity in dermatomyositis, depressed to absent 
tendon reflexes, is not neurologic at all but 
simply a result of muscle degeneration and 
weakness. 

Skeletal system: Stiffness and pain on motion, 
often the earliest symptoms in dermatomyositis, 
are easily misdiagnosed as arthritis but the 
incidence of true articular involvement in this 
disease is only about 5 per cent.!! In an oc- 
casional case the joint process is indistinguishable 
from rheumatoid arthritis.**?? Pathologic study 
of the joints in dermatomyositis is nowhere to be 
found in the literature. 

Bony involvement in dermatomyositis has 
been limited to osseous cysts and osteoporosis, ?*?! 
which may be acute. Milhorat et al.?! reported 
decreased urinary excretion of calcium. Serum 
calcium values have been variously reported as 
low, normal and high. 

Lymphatic system: Generalized lymphadenopa- 
thy and splenomegaly!? have been reported in 
dermatomyositis. The splenic enlargement may 
be variable,!? becoming more pronounced with 
exacerbations of the disease and receding during 
periods of quiescence. 

Eyes: Diplopia may result when the poly- 
myositis involves extraocular muscles." [ritis 
occurs rarely!? but retinopathy with hemor- 
rhages, exudates and pallor of the discs has been 
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detailed repeatedly, together with excellent 
pathologic studies of the involved eves.? 


DIFFERENTIAL DIAGNOSIS 


Repeatedly listed in the differential diagnosis 
for dermatomyositis are such conditions as 
trichinosis, myasthenia gravis, myositis ossificans, 
erythema nodosum and Addison's disease. To- 
day the diagnosis of these diseases is a relatively 
simple matter compared to the differentiation of 
dermatomyositis from other collagen diseases. 

Some considerations of value in delimiting 
dermatomyositis from the other collagen diseases 
are as follows: 

Systemic Lupus Erythematosus. ‘The dermatitis 
in dermatomyositis and systemic L.E. is some- 
times indistinguishable. Poikiloderma and ery- 
thema are the most common skin changes in 
each disease. In systemic L.E. the “butterfly 
rash" is said to be pathgnomonic, whereas in 
dermatomyositis the terms **heliotrope eyelids” '! 
and ‘‘alabaster facies”? have similar import. 
The variety of dermatitis is much greater in 
dermatomyositis, in fact it is almost unlimited, 
ranging from total absence of skin changes to the 
most spectacular types (ecchymotic, bullous, 
exfoliative). In both L.E. and dermatomyositis 
there is depression of 17-ketosteroid excretion, 
and creatinuria.*? In dermatomyositis, however, 
myositis with creatinuria is outstanding, whereas 
it is minimal in L.E.?* The serum L.E. test has 
never been found positive in a case of dermato- 
myositis.?^ Polyserositis, arthritis, myocarditis 
and nephritis occur in both diseases but are 
decidedly more frequent and severe in systemic 
Lg 

Scleroderma. ‘Thickening and hyalinization of 
the subcutaneous connective tissue with atrophy 
of the overlying skin, a not uncommon combina- 
tion in dermatomyositis, is responsible for the 
occasional misdiagnosis of scleroderma in pa- 
tients with dermatomyositis. A few burned out" 
cases of dermatomyositis have presented a final 
picture clinically indistinguishable from sclero- 
derma. Moreover, Raynaud's phenomenon and 
subcutaneous calcification occur in both diseases. 
This confusion caused much debate and Osler 
was prompted to remark that **dermatomyositis 
is after all a deep seated scleroderma."'?5 Distinc- 
tion between the two diseases is now more clear 
cut: in dermatomyositis the cardinal character- 
istic is muscle involvement whereas scleroderma 
involves chiefly connective tissue, whether it be 
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subcutaneous, submucosal (esophagus and intes- 
tines) or interstitial (lungs and heart). Histolog- 
ically, many patients with scleroderma show 
muscle involvement but it is the atrophy of dis- 
use rather than the inflammation and subse- 
quent destruction of muscle which is seen in 
dermatomyositis. °? 

Periarteritis Nodosa. The close relationship 
between periarteritis nodosa and dermato- 
myositis is most evident under the microscope. 
Perivascular infiltrates, hyalinization of the 
vascular collagen, intimal proliferation and 
thromboses of the small arteries occur in both 
diseases. Eosinophils may be increased in the 
blood and in the tissue cellular infiltrates in 
dermatomyositis to further the confusion, al- 
though seldom to the degree seen in periarteritis 
nodosa. Inflammation in the muscles may occur 
in periarteritis nodosa but it tends to be peri- 
arterial instead of the widespread muscle de- 
struction characteristic of dermatomyositis. In 
periarteritis nodosa skin involvement is un- 
usual. Nephritis, hypertension and neuropathy 
are common in periarteritis, insignificant in 
dermatomyositis. 

Rheumatoid Arthritis. While involvement of 
the joints occurs in dermatomyositis, at times 
mimicking rheumatoid arthritis closely, more 
commonly there is juxta-articular pain, stiffness 
and tenderness due to muscular inflammation. 
Degenerative changes in muscle have been 
described in rheumatoid arthritis,?* as has 
creatinuria. However, there are but faint 
shadows of the devastation which characterizes 
dermatomyositis. 


ETIOLOGY 


Speculation as to the cause of dermatomyositis 
has run the gamut from protozoal irfestation to 
a dysfunction of the autonomic centers in the 
floor of the fourth ventricle. Suffice it to say that 
no single agent has been consistently incrimi- 
nated and there is reason to believe that dermato- 
myositis is a syndrome which has diverse causes. 

O’ Leary and Waisman!! cultured streptococci 
and staphylococci from ten of seventeen muscle 
biopsies and obtained clinical improvement with 
the use of autogenous vaccines in some cases. 
Dermatomyositis has appeared so often in pa- 
tients with tuberculosis*!:*° as to suggest a cause 
and effect relationship. 

In recent years attention has been focused on 
the remarkable incidence of carcinoma in pa- 
tients with dermatomyositis. Carcinoma devel- 


oped in eight of forty-five patients with dermato- 
myositis (18 per cent), according to Curtis et al.?? 
These authors collected twenty-seven similar 
cases from the literature and we found sixteen 
additional cases!*-22-26.27,46,60,61,62 reported since 
their article was published, for a total of fifty- 
one such *coincidences." No particular type of 
cancer is incriminated, those reported include 
(in order of frequency): neoplasm of the ovaries, 
breast, reticulo-endothelial system, stomach, 
gallbladder, cervix, rectum, esophagus, lung, 
kidney, pituitary, parotid, bone and retro- 
peritoneum. Of special interest is the improve- 
ment in the dermatomyositis which has been 
observed to follow treatment of the neoplasm, 
whether by irradiation or surgery. 

Although the exact relationship of cancer to 
dermatomyositis is not clear, the hypothesis has 
been offered that dermatomyositis may arise on 
the basis of an allergic reaction to protein break- 
down products of the tumor. There is also 
increasing support for the view that in patients 
with dermatomyositis sensitization to a variety 
of antigens such as the tubercle bacillus, strepto- 
cocci or their products, may be the basic patho- 
genetic mechanism. This is in line with the 
current concept that the etiologic common 
denominator in the collagen diseases is the 
vascular *hypersensitivity" reaction described 
by Rich.5? 


PROGNOSIS 


Dermatomyositis is a more severe disease 
with a higher mortality during the first few 
decades of life when muscular development and 
activity are at a high level. Fulminating cases 
with death in six to eight weeks are rare, occur- 
ring only in children, the usual case running its 
course in an average of two years.?? The over-all 
mortality rate is 50 per cent with considerable 
morbidity among the survivors in the form of 
fibrotic muscular atrophy. Spontaneous remis- 
sions may last as long as eight years,!! which 
makes evaluation of treatment uncertain. The 
most common cause of death is aspiration pneu- 
monia initiated by weakness of the muscles of 
deglutition and respiration. Fatal termination 
may also be produced by myocarditis, intestinal 
perforation and uremia. 


TREATMENT 


ACTH and cortisone abolish the inflamma- 
tory manifestations of dermatomyositis (fever, 
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tachycardia, erythema, leukocytosis and elevated 
erythrocyte sedimentation rate)** but this is a 
non-specific effect, even though it may be of 
enormous temporary benefit to a prostrated 
"toxic" patient. More specific improvement has 
been reported, i.e., reduction of creatine excre- 
tion,*? increase in muscular strength and con- 
version of muscle biopsy to normal.: Prolonged 
remissions have been induced with steroid 
therapy but in some patients relapse promptly 
follows withdrawal of the hormones. ® 

Reduction in creatine excretion and a return 
toward normal of muscle consistency to palpa- 
tion and of muscle strength in patients with 
dermatomyositis have been reported to follow 
the use of wheat germ oil and tocopherols. ** 

The protein anabolic action of testosterone 
has led to the trial of this hormone in dermato- 
myositis, a muscle-wasting disease. Sustained 
remissions have followed its use! but evidence 
of its value cannot be classified as more than a 
clinical impression. Thorn et al.®’ recommend 
the use of testosterone to maintain control of 
dermatomyositis once a remission has been 
induced with ACTH and cortisone. 


SUMMARY 


Two cases of dermatomyositis are described. 
One patient had severe muscle atrophy, arthritis 
with contractures, dependent edema and pleuro- 
pulmonary involvement. Dermatitis remained 
absent. The second patient presented psoriasi- 
form dermatitis which became  exfoliative, 
generalized edema and evidence of cardiac 
involvement. 

Striking creatinuria was present in both pa- 
tients and its diagnostic value is emphasized. 

Gastric ulcers with hematemesis developed in 
one patient and acute psychosis in another, com- 
plications which may have been due either to 
ACTH-cortisone therapy or to dermatomyo- 
sitic involvement of the stomach and brain, 
respectively. 

A review of the literature reveals that derma- 
tomyositis has protean manifestations but can 
nonetheless be clinically differentiated from the 
other collagen diseases. To date fifty-one in- 
stances of carcinoma and dermatomyositis 
occurring in the same patient have been re- 
ported. It has been suggested that the inci- 
dence of carcinoma in these patients is more 
than coincidental, and that search for an occult 
neoplasm is indicated in every patient with 
dermatomyositis. 
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Whipple’s Disease’ 


Ropert H. Purre, M.D. and HENRY TESLUK, M.D. 


Detroit, Michigan 


N 1907 G. H. Whipple?? wrote of **a hitherto 
undescribed disease characterized anatomi- 
cally by deposits of fat and fatty acids in 

the intestinal tissue and mesenteric lymphatic 
vessels" and characterized clinically “by gradual 
loss of weight and strength, stools consisting 
chiefly of fat and fatty acids, indefinite. ab- 
dominal signs and a peculiar multiple arthritis." 
He described the large pale macrophages which 
gave a negative reaction to fat stains and told of 
the polyserositis. Thus he recorded all of the 
outstanding characteristics of the entity which 
bears his name. 

Sixteen. vears elapsed before the next re- 
ported case,? and a total of only six cases had 
been reported by 1931. With increasing aware- 
ness of this entity by clinician, surgeon and 
pathologist, fifty-three cases have been reported 
since 1931, and diagnosis by laparotomy and 
biopsy, first recorded in 1947,'* has now become 
the rule. Ante mortem diagnosis has resulted in 
additional investigation and treatment, and 
recent results of treatment with ACTH and 
cortisone?:!???.?: have been encouraging in this 
otherwise fatal condition. 

Because of the prominent lipid collections in 
the intestinal mucosa and mesenteric lymph 
nodes, the terms “‘lipogranulomatosis’ and 
“intestinal lipodvstrophy" have become in- 
grained in the literature. Although anatomically 
descriptive, the etiologic implications of these 
terms seem to be in error. The most characteris- 
tic elements of the lesion are the collections of 
sudan-negative macrophages in the lymph 
nodes and in the tunica propria of the mucosa 
of the small bowel. Black-Schaffer? demon- 
strated that the material within these cells 
reacted positively to the periodic acid Schiff 
test, and his studies led him to the conclusion 
that this material was a glycoprotein. Histo- 
chemical studies made by Upton?? resulted in 
the same conclusion. Of further interest in this 
regard was the demonstration of an abnormal 
amount of glycoprotein in the serum of the one 


patient tested.** Although of help in reorienting 
etiologic concepts, these observations have not 
resulted in establishment of the fundamental 
etiology. The arthritis and polyserositis, the 
course and variability of the illness, the occa- 
sional occurrence of endocarditis and vascular 
lesions and more recently the beneficial results 
of ACTH and/or adrenocorticosteroid therapy 
have all brought support to Clemmesen's 
suggestion? that this is another entity in the 
group of “rheumatic” or *'collagen system" dis- 
orders. Aschoff bodies"? and *'wire-loop" de- 
formities? have each been demonstrated in 
patients with this disease on one occasion. In 
investigating this relationship further Jones 
et al.!? were not able to demonstrate any PAS- 
positive material in the cells of the small intes- 
tines of a few patients with scleroderma, rheu- 
matoid arthritis or disseminated lupus ery- 
thematosus. Other observers have suggested 
that faulty absorption of abnormal mucin 
(possibly produced by the intestinal mucosa) 
results in a generalized allergic reaction as well 
as phagocytosis of the material by the regional 
reticuloendothelial cells.?:?? The latter proposal 
has the advantage of *explaining" the most 
distinctive element of the disorder, its distribu- 
tion, and the systemic features of the disease. 

Todate, a total offifty-nine cases! *:9.10,15,22—24,26 
have been reported as Whipple's disease. Some 
of these diagnoses have been in error. At present, 
the only safe criterion for diagnosis would ap- 
pear to be the characteristic PAS-positive 
macrophage in the typical distribution, regard- 
less of other findings. 

The authors wish to record four more in- 
stances of this entity to emphasize the diagnostic 
value of peripheral node involvement, to report 
the occurrence of the disorder in siblings and 
to comment on the possible role of genetics in 
the etiology. No attempt will be made to give 
complete anatomic descriptions of the lesions 
but enough data will be given to document 
the cases. 


* From the Departments of Medicine and Laboratories, Henry Ford Hospital, Detroit, Mich. 
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CASE REPORTS 


Case 1. C. S., a forty-three year old, white, 
single, Canadian man employed as a chrome 
plater, was first seen at The Henry Ford Hos- 
pital in September, 1943. The chief complaints 
were of abdominal cramps and diarrhea of 
three weeks’ duration. The patient considered 
his previous general condition to have been 


good. He had had migratory polyarthritis of 


unstated duration which had cleared prior to 
the onset of diarrhea. He denied any venereal 
disease. The right ankle had been fractured in 
1928. He suffered from urticaria **when over- 
heated." He had used alcohol freely until five 
weeks prior to admission. He had a mild chronic 
cough, suffered frequent *colds" and had occa- 
sional **hemoptvysis," the latter being attributed 
to the acid used at his place of employment. 
He had also had frequent night sweats. 

With the present illness the patient had lost 
18 pounds. He had experienced nausea, occa- 
sional vomiting and attacks of generalized 
abdominal cramps. He had numerous watery, 
tan, malodorous bowel movements without 
mucus or pus, but some blood had been noted 
during the previous four days. Appetite re- 
mained good. Vomiting occurred three to 
four hours after meals and followed generalized 
abdominal cramps. The vomiting was unrelated 
to fatty food intake. 

Physical examination revealed a thin, well 
developed, white man in no apparent distress. 
His temperature was 98.6?r., pulse 80, respira- 
tion 20 and blood pressure 110/68. There were 
upper and lower partial dental plates. ‘‘Pyor- 
rhea" was marked and oral hygiene was poor. 
No abnormal pigmentation was noted. Cardiac 
examination gave normal results except for soft 
apical and basal systolic murmurs. A hernior- 
rhaphy scar was present in the right inguinal 
region, and slight inguinal adenopathy was 
present bilaterally. Abdominal, neurologic, 
genital, rectal and musculoskeletal examina- 
tions gave normal results. 

Proctoscopic examination revealed ulcers 
from pinpoint to 1 mm. in diameter throughout 
the examined region; surrounding mucosa was 
normal. Several weeks later this was not 
present. Hemoglobin was 7.4 gm. per cent, 
white blood count 15,300 mm.?, urine specific 
gravity 1.032 and otherwise normal. Kline 
exclusion and cephalin-cholesterol tests gave 
negative results. Examination further revealed 


normal fasting free HCl and normal response to 
histamine on gastric analysis, normal duodenal 
drainage except that enzymatic studies were 
not done and a barium enema gave normal 
results. Fluoroscopically the gastrointestinal 
series showed spasm of the antrum and a possible 
ulcerating lesion on the lesser curvature of the 
stomach that was not demonstrated on the 
films. 

Discharged on an ulcer regimen, the patient 
returned ten davs later with severe abdominal 
cramps and distention. Abdominal x-ray showed 
considerable gas in the large bowel. Symptoms 
now included pain in the back immediately 
after meals. The patients temperature was 
)9.2?r. and pulse 80/min. Additional observa- 
tions included a distended tympanitic abdomen 
with moderate generalized tenderness and 
lymphadenopathy in the supraclavicular, axil- 
lary and inguinal regions. Hemoglobin was 
7.7 gm. per cent, red blood count 3.5 M/mm.?, 
white blood count 11,300/mm.?, neutrophils 
78 per cent, lymphocytes 19 per cent and 
eosinophils 3 per cent. Urine was normal except 
for 22.5 mg. of albumin/100 cc. He developed a 
daily afternoon fever which reached a maximum 
of 102?r. every fifth day. White blood cells 
ranged from 11,300 to 17,840/mm.? with 
differential ranges of neutrophils 78 to 87 per 
cent, lymphocytes 9 to 19 per cent and eosino- 
phils 1 to 4 per cent. An axillary node biopsy 
and later, a laparotomy were undertaken, the 
latter revealing considerable clear fluid in the 
abdomen; the mesenteric lymph nodes were 
found to be greatly enlarged and rather firm. 
One of these was removed. The total protein 
of the abdominal fluid was 1.5 gm. per cent. 
Plasma protein at this time was 3.9 gm. per cent. 
Following surgery the patient symptomatically 
improved and was afebrile for eight days. He 
received x-ray therapy, thereafter developed 
severe nausea, returned to his previous febrile 
pattern. which progressed to daily spikes to 
103?r. and again developed diarrhea with 
rapidly progressive inanition. Without the 
slightest response to therapy the patient died on 
the fifty-fifth postoperative day. 

Autopsy revealed the body to be under- 
nourished and there were numerous petechial 
hemorrhages in the skin. Both the left portion 
of the pleural cavity and the pericardial sac 
were obliterated by dense fibrous adhesions. 
Moderate pulmonary edema and pneumonia 
was present. The main findings were in the 
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Fic. 1. Case 1 (C. S.), section from jejunum; villi show clubbing due to accumulation of PAS-positive macrophages; 


hematoxylin and eosin stain. 


Fic. 2. Case 1 (C. S.), section from mesenteric node; black cells represent PAS-positive macrophages. Note fat 
vacuoles surrounded, in many instances, by foam cells and giant cells; periodic acid Schiff stain. 


abdomen. It contained about four liters of clear 
yellow fluid, and the mesentery of the small 
bowel was thickened and attached to the retro- 
peritoneal mass. The mass was composed of 
enlarged lymph nodes which were yellow- 
orange, firm and honeycombed on cut section. 
The bowel showed only some thickening of the 
rugal folds. The liver was slightly enlarged with 
fibrous thickening of its capsule. 

Study of the sections showed characteristic 
change. The small bowel had thickened villi 
due to accumulation of PAS-positive macro- 
phages. (Fig. 1.) There was also edema and 
moderate infiltration of the submucosa with 
these macrophages. The mesenteric nodes also 
showed typical nests of PAS-staining macro- 
phages and fat vacuoles eliciting a foreign 
body reaction. (Fig. 2.) In peripheral nodes 
the characteristic masses of PAS-positive cells 
were also present. (Fig. 3.) Retroperitoneal 
connective tissues in general contained numer- 
ous PAS-positive cells scattered diffusely. Nests 
were also seen in the portal areas in the liver. 

Case n. P. V., a twenty-seven year old 
married Lithuanian dairy farmer, was first 
admitted to the Henry Ford Hospital in 
October, 1944. The chief complaints were of 
"inflammatory rheumatism” of two to three 
years’ duration and *'epigastric pain" of one 
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year's duration. At age sixteen he had had 
difficulty for two months in raising either arm 
to the horizontal position. This was diagnosed 
as *rheumatism" and cleared spontaneously. 
A bullet was excised from the mandible at age 
twenty. At age twenty-one he suffered ‘‘head 
and internal injuries” in an automobile accident 
and was disabled for nine months. 

Two to three years prior to admission he had 
developed a polyarticular migratory joint dis- 
turbance with swelling, tenderness and pain. 
This had been quiescent for some months prior 
to hospitalization. For several years he had also 
been subject to mild attacks of cramping ab- 
dominal pain. During the preceding year these 
attacks had been much more severe. Initially 
the pain had been dull and aching, had been 
localized over the anterior lower portion of the 
chest and upper portion of the abdomen bi- 
laterally, had radiated to the left shoulder and 
dorsal spine. These attacks usually occurred 
once every ten to fourteen days and lasted 
several days. The distress was aggravated by 


jarring, lifting, sneezing, coughing and particu- 


larly by deep respirations. Recent cramping in 
the upper portion of the abdomen had been 
severe and at its worst one-half hour after eating. 
There was mild, dull pain in both costovertebral 
angles with no associated urinary symptoms 
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Fic. 3. Case 1 (C. S.), section from axillary node; numerous nests of macrophages in the cortex filled with PAS-posi- 
tive material; hematoxylin and eosin stain. 


Fic. 4. Case u (P. V.). section from jejunum; stroma of mucosa filled with plump macrophages; hematoxylin and 


eosin stain. 


other than nocturia (one to two times) for the 
preceding four months. He was subject to 
slight shaking chills followed by slight fever 
and had lost 27 pounds in the preceeding six 
months. He drank unpasteurized milk and 
had had contact with “Bang’s”’ disease. Tests for 
brucellosis previously had given negative results. 

Physical examination revealed an asthenic, 
pale, thin youth who complained of abdominal 
pain. His temperature was 99.6°F., pulse 
72/min., respiration 16/min. and blood pressure 
100/60 mm. He. The skin was warm and moist 
and had a ^grayish" appearance. The teeth 
contained many filings. Lymphadenopathy 
was marked in the left axilla and "shotty" in 
the inguinal and cervical regions. The abdomen 
was tympanitic and "resistant," particularly on 
the left side. Pressure on a point of maximal 
tenderness located 4 cm. below and to the left 
of the umbilicus caused pain in the right 
costovertebral angle. Several examiners thought 
a mass was palpable in the left lower quadrant 
of the abdomen. The left testicle was slightly 
enlarged and there were small bilateral hydro- 
celes. Motion of the back was restricted in all 
directions and there was tenderness on percus- 
sion over the lower dorsal portion of the spine. 

Laboratory examinations revealed the hemo- 
globin to be 13.5 gm. per cent, red blood 


count 4.25 M/mm.?, white blood count, 
13,850/mm.?, neutrophils 81 per cent, lympho- 
cytes 13 per cent, eosinophils 6 per cent, sedi- 
mentation rate (Wintrobe) 6 mm. /hour, serum 
non-protein nitrogen 33 mg. per cent, fasting 
blood sugar, 58 and 94 mg. per cent and serum 
diastase was normal. Repeated urinalysis re- 
vealed only a trace of albumin on one occasion 
and this specimen was negative for Bence-Jones 
protein; urine cultures gave negative results. 
Cystoscopic examination anc intravenous and 
retrograde pyelograms were within normal 
limits. Biliary drainage (exclusive of enzyme 
studies) was normal. Fractional gastric analvsis 
showed only two units of free HCl on the second 
specimen after histamine. Proctoscopic exami- 
nation, gastric, colonic and small bowel x-ray 
studies after barium, and cholecystographic 
studies gave normal results. Slight thickening 
in the interlobar fissure on the right side was 
revealed by chest x-ray. X-rays of the spine 
were within normal limits. Blood cultures gave 
repeatedly negative results. Stools were con- 
sistently 3 to 4 plus guaiac-positive and on one 
occasion amebic cysts were seen. Agglutinations 
for Brucella abortus, typhoid, paratyphoid and 
dysentery, complement fixation and  phago- 
cytic index for Br. abortus, and skin test for 
brucellosis and trichinosis all gave negative 
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Fic. 5. Case u (P. V.), section from mesenteric node; numerous fat vacuoles. PAS-positive macrophages are scattered 
through the stroma but are not easily seen; hematoxylin and eosin stain. 


Fic. 6. Case m (E. V.), section from axillary node. Cortical nests of PAS-positive cells again well demonstrated; 


hematoxylin and eosin stain. 


results. The Kline exclusion test gave negative 
results. 

During hospitalization the patient ran an 
afternoon fever each day and this reached its 
maximum of 101^r. to 101.4?r. every five to 
six days. Abdominal pain and episodes of chills 
continued and he developed diarrhea. Hemo- 
globin dropped slowly to 10 gm. per cent, the 
white blood count remained around 9000/mm.? 
with no significant change from the differential 
previously cited. Repeated sedimentation rates 
were always over 30 mm. /hour. 

Laparotomy revealed thickening of the wall 
of the small bowel, thickening and induration 
of the mesentery, and numerous firm, enlarged 
mesenteric lymph nodes, one of which was 
removed for microscopic examination. 

The patient received x-ray therapy to the 
abdomen and supportive therapy. He was 
able to return home where he continued to be 
febrile, to have severe episodes of abdominal 
pain that would **double him up,” and to have 
periodic chills, pleurisy and diarrhea. He re- 
fused to eat because this aggravated his distress, 
and continued to lose weight. Pigmentation 
increased. Diarrhea became profuse and ter- 
minally hemorrhagic. The patient died in 
another hospital two months later. 

At autopsy, numerous hemorrhagic nodules 


SEPTEMBER, 1955 


were seen in the skin of the legs and in the intes- 
tine and kidneys. The mesenteric nodes were 
markedly enlarged and the cut surfaces were 
tan-orange.* Microscopic studies were limited 
to hematoxylin and eosin sections. The changes 
in the small bowel and in the mesenteric lymph 
nodes were again characteristic. They showed 
clubbing of the villi in the bowel due to large 
numbers of macrophages with abundant pale 
cytoplasm. (Fig. 4.) The mesenteric nodes 
showed both lipid accumulation and macro- 
phages. (Fig. 5.) 

Case mr ŒE. V., a thirty-five year old 
Lithuanian man employed as a factory worker, 
was admitted to the Henry Ford Hospital in 
August 1953. The chief complaints were of 
chills, fever, weight loss and diarrhea. A com- 
pound fracture of the tibia and fibula in the 
lower third portion of the right leg in 1939 had 
resulted in an unstable fibrous union which was 
repaired by bone graft in 1943. At this time 
there was a **branny macular type of eruption 
on the chest, back and buttocks.” Blood pressure 
was 120/80 mm. Hg, hemoglobin 16.3 gm. 
per cent and other studies gave normal results. 
Eight months later a draining sinus developed. 
A generalized urticarial reaction followed a 


* Data were obtained with the cooperation of Dr. 
G. W. Ramsey, Washington Hospital, Washington, Pa. 
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course of penicillin in beeswax. Sporadic treat- 
ment failed until healing was secured by 
saucerization and local streptomycin therapy 
in 1946. Hemoglobin was 13 gm. per cent, and 
other blood studies including erythrocyte sedi- 
mentation rate and urinalysis gave normal 
results at this time. The patient had gonococcal 
urethritis in 1946. In 1948 he developed a red 
papular pruritic lesion over the area previously 
described soon after beginning phenobarbital 
therapy, to which the rash was attributed. He 
also developed pretibial nodules. Both dis- 
appeared spontaneously without cessation of 
phenobarbital therapy. It was also in 1948 that 
the patient first developed a vague ‘‘hunger- 
type? abdominal pain localized in the peri- 
umbilical region which occurred sporadically 
and was unrelated to eating. 

In 1951 the patient was admitted to the 
hospital because of painful, hot, swollen and 
tender joints of two and one-half years’ duration. 
All of the larger joints had been involved at 
some time or another during this period. He had 
lost 20 pounds. The subject had had chilling 
sensations, attacks of pleurisy, a mild productive 
cough and night sweats. At this time abdominal 
distress was mainly postprandial. Examination 
revea'ed a tender, hot, swollen right ankle, 
tender nodes in the inguinal regions, “‘shotty”’ 
nodes in the axillae, and blood pressure of 
105/60 mm. Hg. 

Laboratory examination revealed the hemo- 
globin to be 12.3 gm. per cent, red blood count 
4.11 M/mm.?, neutrophils 63 per cent, lym- 
phoyctes 30 per cent, eosinophils 7 per cent, 
ifon-protein nitrogen 38 mg. per cent, sedimenta- 
tion rate 25 mm./hour (Wintrobe), serum uric 
acid 2.8 mg. per cent and urinalysis gave nor- 
mal results. Electrocardiogram, intravenous pye- 
logram and retrograde pyelograms were within 
normal limits. Spine films revealed *fusion of the 
sacro-iliac joints indicative of an old Marie- 
Strümpell's arthritis." The patient received bile 
salts and salicylates at this time. 

In 1952 a left epididymitis and orchitis 
developed which partially cleared during four 
weeks of aureomycin and sulfadiazine therapy 
only to recur on the right side. This too sub- 
sided. However, it was necessary to excise a 
non-painful, well circumscribed nodule t% by 
2 cm. in diameter from the anterior upper pole 
of the left testicle. Unfortunately, no tissue 
reached the laboratory. Cystoscopic examination 
and intravenous and retrograde pyelography 
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were within normal limits. Reports of cultures 
and smears of the urine are not available. Film 
of the chest showed a small linear density on the 
right which was not thought to be significant. 
Blood studies at this time were not significantly 
different from those in 1951, except for a white 
cell count of 12,250/ mm.? 

The patient gradually lost energy and initia- 
tive and became easily fatigued and irritable. 
Recurrent attacks of pleurisy, usually in the 
lower left anterior portion of the chest and 
radiating to the left shoulder, became more 
frequent and lasted three to seven days. Attacks 
of abdominal pain were more severe and were 
usually experienced in conjunction with chills, 
fever and profuse sweating. In addition to the 
aggravation caused by eating, there was a 
persistent dull generalized abdominal aching, 
and the subject was comfortable only when 
standing erect or when leaning far forward in the 
sitting position. He was also extremely uncom- 
fortable for a short time after lying down. He 
became persistently nauseated but there was no 
vomiting, constipation, diarrhea or melena. All 
arthritis had subsided seven months before this 
admission in 1953. 

Physical examination revealed a chronically 
ill white man. His weight was 140 pounds, 
height 6 feet, temperature 99.4°F., pulse 76/ 
minute and regular, respiration 20/minute and 
blood pressure 110/68 mm. Hg. His emaciation 
and general skin pigmentation were outstanding. 
The latter was particularly prominent over bony 
prominences and pressure areas but did not 
involve the oral mucosa. Lymphadenopathy 
consisted of small anterior and soft, flattened, 
pea-sized posterior cervical and supraclavicular 
nedes, several 2 by 1 cm. axillary nodes, and 
soft conglomerate nodes of the same size in the 
inguinal regions. He was edentulate. The ab- 
demen had a “‘doughy”’ consistency. The liver 
was 4 cm. below the costal margin in the mid- 
clavicular line. In the left epigastrium there was 
a poorly defined tender mass descending on 
inspiration. The abdomen was hyperresonant 
except in the left hypochondrium. Peristalsis was 
decreased. There was three-plus rebound and 
localized tenderness at any abdominal area 
sumulated. Although there was a history of 
slight ankle edema and aphthous stomatitis, 
there was none at this time. A pleural friction 
rub was heard during an attack of pleurisy. 

Laboratory examination revealed the hemo- 
globin to be 9.5 gm. per cent; red blood count 
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4.09 million/mm.?; white blood count 20,000/ 
mm.*; differential, 90 per cent neutrophils, 7 per 
cent lymphocytes, and 3 per cent eosinophils; 
bone marrow myeloid/erythroid ratio 5.6/1 
(normal 3/1 or 4/1) with 15 per cent eosinophils; 
serum non-protein nitrogen 35 mg. per cent; 
blood urea nitrogen 13 mg. per cent; creatinine 
0.7 mg. per cent; uric acid 2 mg. per cent; 
albumin 4.4 gm. per cent; globulin 2.9 gm. 
per cent; Van den Bergh direct 1.0 mg. per cent 
and total 2.0 mg. per cent; thymol turbidity test 
1 unit; cephalin and thymol flocculation tests 
negative results; diastase 69 per cent; prothrom- 
bin time 15 seconds or 80 per cent; cholesterol 
24] mg. per cent with 48 per cent esters; serum 
glycoproteins 15.7 and 8.2 mg. per cent tyrosine 
per 100 cc. (normal 2.5 mg. per cent); sodium 
139 mEq./L.; potassium 4.3 mEq./L.; calcium 
9.8 mg. per cent; phosphorus 4.2 mg. per cent: 
CO; 23 mEq./L.; chloride 98 mEqg./L.: 
alkaline phosphatase 2.2 Bodansky units; eight 
hour intravenous ACTH tests normal results 
on two occasions; total direct eosinophil counts 
934, 576 and 1546; tests for cryoglobulinemia 
negative results; urine negative for Bence-Jones 
protein on three occasions; Coombs’ test nega- 
tive results on two occasions; heterophil 
agglutinations, cold agglutinations, Widal test, 
brucella agglutinations, complement fixations 
and phagocytic indices, Wassermann test, Weil- 
Felix test, and P. tularensis agglutinations all 
gave negative results. Skin tests including first 
and second strength purified protein derivative 
of tuberculin, the Frei test, and the histoplasmin 
test gave negative results. Urine cultures for 
acid-fast bacilli gave repeatedly negative results. 
The only free hydrochloric acid obtained by 
gastric analysis was on the third specimen after 
histamine. The results of the oral glucose toler- 
ance were: fasting 85, 30 minutes 172, 90 
minutes 129 and 150 minutes 120 mg. per cent. 
BSP test resulted in 4 per cent retention at 45 
minutes and 3.5 per cent retention at 60 minutes 
after injection. A seventy-two hour stool speci- 
men by dry weight contained 47.3 per cent fat. 
Barium enema, chest, skull and pelvic x-ray 
examinations gave normal results. Upper gastro- 
intestinal x-ray examination revealed a “‘defi- 
ciency pattern" in the small bowel. An axillary 
and inguinal node were removed; the changes 
are more fully described later. Among other 
suggestions, the possibility of Whipple's disease 
was mentioned. 

While in the hospital the patient ran an inter- 
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mittent undulating febrile course, the highest 
temperature being reached every fifth to 
seventh day at about 101°r. There were shaking 
chills and drenching night sweats, most marked 
when the temperature was maximal. He refused 
food, was deteriorating rapidly, and death 
seemed imminent within days. A laparotomy 
under spinal anesthesia revealed a lusterless 
peritoneum and a large, rather firm, nodular 
tumor mass between the leaves of the mesentery 
and extending into the retroperitoneal space. 
Additional similar tissue was found along the 
lesser curvature of the stomach. Both tissues 
were biopsied. The small bowel wall was thick 
and edematous but not otherwise unusual. 
Following surgery the patient made an un- 
eventful recovery and was afebrile and relatively 
asymptomatic for about sixteen days when all 
symptoms and findings recurred. One hundred 
mg. of cortisone per day over a two-week period 
had little effect on the fever or symptoms. Within 
four days from the beginning of subcutaneous 
administration of 100 units per day of ACTH 
gel, he was afebrile and asymptomatic. Slight 
physical overexertion would result in the return 
of both within a few hours. On this therapy alone 
the hemoglobin rose rapidly to 13.5 gm. per cent. 
For more complete therapy, folic acid, paren- 
teral vitamin Bis in massive doses, bile salts, 
emulsifying . agents, pancreatin and multi- 
vitamins were then added. He gained weight to 
170 pounds without edema or other evidence 
of hypercorticism. The blood pressure was con- 
sistently about 110/60 mm. Hg. After two 
months he began to have cycles of fever and had 
a recurrence of symptoms of gradually increasing 
severity. Pigmentation constantly increased. 
Dosage was gradually decreased and, except for 
a temporary episode of arthritis and erythema 
nodosum, the condition did not become worse 
except when less than 40 units a day was given. 
On 100 mg. of compound F per day, given 
orally, the subject again experienced a remission. 
Pigmentation decreased markedly and even the 
recent brown-black scar cleared almost com- 
pletely. However, a profuse diarrhea developed 
which was then controlled by diet, oral strepto- 
mycin and a return to ACTH gel at 80 units 
per day. He continued to lose weight, a cough 
of increasing intensity developed and he became 
extremely weak despite all measures. Pneumonia 
of the right lower lobe developed three days 
prior to death and was followed by abscess 
formation. No specific organism could be 
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Fic. 7. Case m1 (E. V.), section from mesenteric node. In the lymphatic nodule in the center there is a nest of macro- 
phages which gave negative results with Sudan stains but positive results for a PAS stain. Numerous fat laden cells can 
be visualized. Sudan ui stain and hematoxylin and eosin stain. 


Fic. 8. Case m (E. V.), same as Figure 7 except for hematoxylin and eosin stain. The two types of macrophages 


may be difficult to distinguish without special stains. 


identified and vigorous parenteral penicillin 
and streptomycin treatment was without effect. 
Temperature was sustained at 103 to 104r. 
Platelet count and prothrombin time were within 
normal limits and hemoglobin was 12.5 gm. per 
cent the day prior to death. Acute shock devel- 
oped one-half hour before death and did not 
respond to vasoconstrictor agents. The patient 
became comatose and died. Electrocardiograms 
the day before and twenty minutes prior to death 
showed inversion of T waves in leads V3, Va, V5, 
but no evidence of electrolyte disturbance. 

The cervical and inguinal nodes removed at 
surgery were moderately enlarged and pale. 
Study of the sections showed numerous nests 
of large pale macrophages scattered about, 
especially in the cortical portion. These showed 
fairly abundant pale cytoplasm and were PAS- 
positive. Germinal centers were small or absent. 
Some proliferation of reticuloendothelial cells 
and a mild amount of central fibrosis were 
present. (Fig. 6.) The axillary node showed a 
similar picture. Bacteriologic studies of material 
from these nodes failed to show specific organ- 
isms. The mesenteric node was enlarged, tan, 
firm and showed a fine honeycombing on cut 
surface. The section showed many character- 
istic nests of the PAS-positive macrophages 


plus many fat vacuoles. The latter were often 
surrounded by foam macrophages which were 
Sudan-positive. (Figs. 7 and 8.) Microscopic 
examination of the liver biopsy gave normal 
findings. 

At autopsy the skin showed some increased 
pigmentation. About 200 cc. of slight turbid 
fluid were present in the abdomen and about 
300 cc. in the right chest. The small bowel was 
distended with gas and injected. The mesentery 
was indurated and contained many enlarged 
tan, honeycombed lymph nodes. Dilated lym- 
phatics were not seen. There was serositis of 
the liver and spleen and an adhesive pericarditis 
was present. Lobar pneumonia was present in 
the right lower lobe in the stage of gray hepatiza- 
tion. The mucosa of the small bowel was con- 
gested and several patches showed a granular 
pallor and a thickening of the plicae. The 
adrenals were small with atrophic cortices. 
Microscopic studies showed the characteristic 
macrophages in the mucosa of the small bowel 
(Fig. 9) and in the lymph nodes from mesentery 
and all peripheral areas. 

Familial History of Cases P. V. and E. V. (Fig. 11.) 
The father of the patients in Cases ir and 11 was 
living and in good health. No information was 
available as to the cause of death of the father's 
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Fic. 9. Case ui (E. V.), section from jejunum. The PAS-positive macrophages in the stroma of the mucosa are well 
shown; hematoxylin and eosin stain. 


Fic. 10. Case iv (W. McC.), section from axillary node. A large nest of PAS-positive cells can be observed near the 
periphery, as well as several other cells which are scattered; periodic acid Schiff stain. 


parents. The remainder of his relatives were in 
good health with the exception of a nephew who 
had rheumatoid arthritis. The maternal grand- 
father was killed in an accident. The grand- 
mother died at the age of sixty-three following a 
year's illness characterized by abdominal pain, 
diarrhea, emaciation and terminal hemorrhagic 
diarrhea. She is not known to have had arthritis. 

According to the family there was no doubt 
that the patient's mother had died of the same 
disease as did the two sons. She had suffered for 
several years with a migratory polyarthritis 
characterized by hot, tender swollen joints which 
had been diagnosed as rheumatoid arthritis. 
With the onset of subsequent symptoms this 
disappeared. About one year prior to death she 
developed a prolonged upper respiratory infec- 
tion. Hospital records state that she then began 
experiencing chills intermittently. On one oc- 
casion she had been suddenly seized with pain 
on deep breathing, chills, fever and marked 
perspiration, and had been hospitalized. She 
was an obese woman, was edentulate and febrile 
(102*r.) with a pulse of 120/minute and respira- 
tions of 40/minute. Numerous moist rales were 
heard on inspiration and expiration and a fric- 
tion rub was heard on the right side posteriorly. 
No hemoptysis or congestive failure was evident. 
There were frequent extrasystoles. Studies 
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revealed exaggeration of “‘parabronchial mark- 
ings on the left" by chest x-ray, red blood count 
was 3.6 million/mm.?, hemoglobin 71 per cent, 
white blood count 8.900/mm.*, serum non- 
protein nitrogen 27 mg. per cent and negative 
results were obtained from sputum cultures, 
acid-fast smears and serological tests for syphilis. 
On sulfadiazine therapy the temperature became 
normal after three days but then returned to 
102°r. This temperature recurred several times 
during this twenty-day hospitalization. Follow- 
ing discharge she developed abdominal pain 
which later became severe and cramping in 
nature and was precipitated by eating. She 
developed increasingly severe diarrhea and 
meteorism. Weight loss was rapid. Eight months 
after the previous hospitalization studies re- 
vealed a trace of albumin by urinalysis, hemo- 
globin 51 per cent, red blood count 3.1 million/ 
mm.?, white blood count 5,500/mm.?, neutro- 
phils 74 per cent, lymphocytes 26 per cent and 
Kahn and Kline tests gave negative results. 
X-ray examination revealed a normal stomach 
and duodenum. Six hours after barium meal the 
small bowel was empty except for *a few 
scattered flecks,’ and the cecum somewhat 
conical in shape. Barium enema showed the 
cecum not adequately filled, the appendix was 
visualized and there was no reflux into the 
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terminal ileum; the remainder of the colon was 
normal. Postevacuation films were thought to 
show some increased density *apparently of 
soft tissue origin" over the right sacroiliac area. 
She became increasingly pigmented and emaci- 
ated. Terminally, the diarrhea became hemor- 
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expired at the age of thirty-seven. Reportedly 
death was due to “coronary occlusion and 
congestive heart failure." No autopsy was 
performed. 

Our two patients, P. V. and E. V., have three 
other siblings. A sister, age thirty-eight, is 





‘TABLE I 

Fast; Six Hours After Oleum 

apung Percomorphum 
Patient | Glucose Tolerance Test 

Vit. A Carotene Vit. A Carotene 

(ug. %) (ug. %) | (ug. %) | (ug. %) 
Fee We. ek ae cs awe are IU CT TOT | Normal 25 105 70 227 
PX WM. DE ed sx xx 3xREe RE Flat X 2 (rise 26 mg. %) 4.3 265 78 242 
E. V. (daup bii ossis eekeceperek ony Normal 18.1 136 99 206 
M. V. (daughter)... sooo son n Normal 22.4 136 190 165 





rhagic and she died two and one-half months 
after the examinations described. 

Of the mother’s two siblings, a sister is living, 
has three children (two girls, one boy) and all 
are apparently well. The other, a brother, was 
institutionalized at the age of thirty-one follow- 
ing seven years of gradual mental deterioration 
during which time he was unable to support 
himself. He was apparently schizophrenic. At 
age thirty-two blood studies gave normal results 
except for slight leukocytosis. ‘The serum non- 
protein nitrogen was 30 mg. per cent and chest 
x-rays each year were within normal limits until 
age thirty-five when slight cardiac enlargement 
was noted. A year later a right pleural effusion 
was noted. Two months later this had com- 
pletely cleared. The red blood count was 3.7 
million/mm.?, hemoglobin 70 per cent, serum 
non-protein nitrogen 30 mg. per cent and fasting 
blood sugar 55 mg. per cent. Several urinalyses 
showed only numerous bacteria. Two months 
later enlargement at the hilum, thought to 
represent enlarged lymph nodes, was apparent. 
Some cardiac hypertrophy was still present. 
After another two months the serum non-protein 
nitrogen was 42 mg. per cent and chest x-ray 
showed interlobar effusion and effusion extend- 
ing over ‘‘the entire periphery” of the left lung. 
Bilateral hilar enlargement remained. The 
sedimentation rate was 27 mm./hour. Sputums 
for acid-fast bacteria on three occasions gave 
negative results. The serum non-protein nitrogen 
rose to 60 mg. per cent. Within the week he 








asymptomatic and normal by physical examina- 
tion; normal results were obtained from oral 
vitamin A and glucose tolerance tests. (Table 1.) 

Another sister, age thirty-one, has had a two- 
to feur-plus albuminuria persistently for at least 
eight years. At age eighteen there had been some 
pitting pretibial and ankle edema for about one 
month. For eight years there had been a chronic 
slightly productive cough, occasional asthmatic 
attacks, chronic fatigue, intermittent aching in 
the back of the legs, shoulder joints and under 
the left scapula, and intermittent abdominal 
cramps associated with gas. She has had tem- 
poral mandibular arthritis thought to be 
secondary to malocclusion. In 1947 there was a 
"toxic dermatitis" of the extensor surface of 
the forearms, shoulders and back. Physical 
examination revealed the subject to be normal 
except for a slight yellowish tint to the skin. The 
blood pressure was 118/78 mm. Hg. The 
twenty-four-hour urinary excretion of albumin 
was 5.1 gm. Hematologic studies, basal meta- 
bolic rates, stomach and small bowel x-ray 
studies, retrograde pyelograms and chest and 
joint x-rays gave normal results. ‘The oral glucose 
tolerance curve was flattened and the fasting 
vitamin A level was 4.3 mg. per cent, the serum 
mucoproteins 2.8 mg. per cent, serum non- 
protein nitrogen 25 mg. per cent, albumin 
4.2 and globulin 1.7 gm. per cent. The Kline 
exclusion test gave negative results. Stool fat 
content was within normal limits. ‘There were 
no red cells and only an occasional cast in the 
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urine specimens. The urea clearance test shows 
45 cc./minute standard and 54 cc./minute 
maximal clearance. 

The remaining brother, age twenty-four, is a 
mongolian idiot and has been institutionalized 
since the age of eight. In 1943 he began to have 
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white married factory worker, was first seen at 
the Henry Ford Hospital in December, 1953. 
He complained chiefly of intermittent looseness 
of the stools for four years. This condition had 
required hospitalization about twice yearly and 
usually ceased promptly with treatment. An 
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Fic. 11. Diagram of family history of patients P. V. and E. V. (Cases m and m1). 


temperature elevations, a rapid erythrocyte 
sedimentation rate and leukocytosis. Later in the 
year he developed bronchopneumonia in the 
mid-portion of the left lung. This cleared. 
In 1945 scarring at the apex of the right lung was 
noted. In 1950 the entire right lung and the 
upper two-thirds of the left lung showed small 
dense nodular shadows distributed evenly over 
the areas. Later there was a soft infiltrate noted 
in the apical areas and by 1953 x-ray examina- 
tion revealed that the lesions had undergone 
considerable resolution although there was 
nodulation and fibrosis at both apices. It is 
assumed that he has tuberculosis although, due 
to lack of cooperation by the patient, this has 
not been bacteriologically confirmed. We have 
no information as to symptomatology or treat- 
ment received. 

All seven children of the next generation are 
girls. The two children of patient E. V. gave 
normal reactions to vitamin A and oral glucose 
tolerance tests. 

Case Iv. W. McC., a forty-nine year old 


SEPTEMBER, 1955 


attack lasted about five days with three to seven 
stools daily. Some upper abdominal distress 
occurred during attacks but no severe pain or 
cramps. There was never any constipation or 
any blood, pus or mucus in the stools. Anorexia 
occurred with the attacks and there was some 
difficulty with bloating and excessive gas during 
remission. The stools were light brown to cream 
in color, malodorous particularly at the time of 
diarrhea, and occasionally contained undigested 
food. Because of his complaints an exploratory 
laparotomy had been done three years previously 
and many enlarged mesenteric nodes had been 
noted. No biopsy had been done. The appendix 
was removed. Two years previously he had 
passed a right ureteral stone. On one occasion a 
paratyphoid organism was found in his stool. 
In 1953 cholecystectomy was performed and 
tissue from the mesentery was removed but a 
report of the tissue examination was not avail- 
able to us. He had been anemic from the onset or 
his illness and had received transfusions totaling 
approximately 20 units on several occasions. 
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Following an attack of diarrhea and a tempera- 
ture elevation to 101?r. he had received two 
units of blood two weeks prior to admission. 
Maximal weight had been 192 pounds ten 
years previously, and his normal weight over 
the last five years had been about 150 pounds. 
Weight upon admission was 135 pounds. For 
some time he had had mild night sweats and 
occasional edema in the left foot. He had been 
having nocturia three to four times, for ten 
years. Four years prior to admission he began 
to have migratory polyarthritis with painful, 
swollen joints, especially of the feet, knees and 
shoulders. He had had this intermittently until a 
year prior to admission. There had been an 
episode of jaundice at the age of twelve years. 

The mother and father were living and were 
apparently in good health. A brother had died in 
1931 after a two month illness which, according 
to the patient, was due to a ruptured appendix. 
No further details were available and a post- 
mortem examination had not been done. 

Physical examination revealed a well devel- 
oped, thin, white man with generalized pallor. 
The skin showed a diffuse tan especially marked 
on the neck, the sides of the face, the forearms 
and the hands, and in the year-old chole- 
cystectomy scar. He was edentulate. The blood 
pressure was 90/50 mm. Hg. The abdomen was 
hyperresonant throughout except in the left 
lower quadrant. There was deep paravertebral 
fullness and generalized abdominal resistance. A 
generalized perifolliculitis was noted and was 
most marked over the lower abdomen, thighs 
and lower legs and in a predominantly extensor 
distribution. In the latter areas there were 
perifollicular hemorrhages. This cleared rapidly 
following administration of a vitamin B and C 
preparation parenterally. 

Studies showed the hemoglobin to be 9.2 gm. 
per cent, red blood count 3.59 to 3.79 million/ 
mm.?, cells hypochromic and microcytic by 
smear; white blood count 7,400/ mm.?, neutro- 
phils 69 per cent to 77 per cent, eosinophils 
1 per cent to 2 per cent, monocytes 0 per cent to 
4 per cent; lymphocytes 19 per cent to 21 per 
cent; sedimentation rate 26 mm./hour (Win- 
trobe), hematocrit 32 per cent, serum non- 
protein nitrogen 30 mg. per cent, cholesterol 
98 mg. per cent, prothrombin time 14 seconds 
(90 per cent), albumin 4.1 and globulin 2.0 gm. 
per cent, serum amylase 75 per cent and lipase 
78 per cent of normal; vitamin C level 0.20 mg. 
per cent; sodium 138 mEq./L., chloride 104 


mEq./L.; calcium 9.2 mg. per cent, and phos- 
phorus 3.4 mg. per cent. Urine examinations 
including cystoscopic examination, intravenous 
pyelograms and twenty-four-hour urine collec- 
tions for acid-fast bacilli, gave normal results. 
The cephalin cholesterol flocculation, the thymol 
turbidity and flocculation, and the BSP tests 
gave normal results. Agglutinations for typhoid, 
paratyphoid and brucellosis, and the Kline 
exclusion test gave normal results. The stools 
were liquid, contained bile and occasional 
undigested meat fibers, but contained no ova or 
parasites. The twenty-four-hour stool specimen 
contained 48 per cent fat on a normal diet and 
14 per cent fat on a restricted fat diet. The oral 
glucose tolerance test in mg. per cent was 85 at 0, 
97 at 15, 129 at 30, 154 at 90, and 130 at 150 
minutes. Stool cultures consistently gave nega- 
tive results. Proctoscopic examination revealed 
no abnormalities. A gastric analysis revealed 
free acid in all fractions except the fasting 
specimen. By biliary drainage the lipase was 
47 per cent, trypsin 26 per cent and the amylase 
28 per cent of normal, and all bile fractions 
were within normal limits. Barium enema 
showed spasm in the sigmoid colon but the 
postevacuation pattern was within normal limits. 
Stomach and small bowel series revealed a 
probable small hiatus hernia and a definite 
deficiency pattern throughout the small bowel. 

While in the hospital the patient had an 
elevated temperature to 99.6 or 99.8?r. about 
every fifth or sixth day but was otherwise 
afebrile. A peripheral lymph node biopsy was 
dome. He was treated on a full sprue regimen 
but, although he gained about 6 pounds, his 
diarrhea recurred and small bowel x-rays showed 
no change in pattern. As the lymph node biopsy 
showed evidence of Whipple’s disease, he was 
started on steroid therapy. Enough time has 
not elapsed for evaluation of the result. 

The lymph node biopsy (Fig. 10) showed a 
moderate proliferation of the reticulo-endo- 
thelial cells. There were occasional clumps of 
macrophages, especially in cortical areas, and 
these were strongly PAS-positive. 


CLINICAL ASPECTS 


The diagnosis of Whipple's disease should be 
considered in every case which exhibits the 
features of sprue and which is preceded by 
a migratory polyarthritis. The arthritis is mani- 
fested by pain, swelling, tenderness and in- 
creased heat and is indistinguishable clinically 
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from rheumatoid arthritis. Although not usualy 
accompanied by residual deformity, the x-ray 
findings are occasionally compatible with those 
found in Marie-Strümpell disease. Actually tke 
arthritis is the commonest symptomatic man.- 
festation of polyserositis which on anatomic 
examination is found to affect in decreasinz 
frequency the pericardium, the pleure, tbe 
peritoneum and the endocardium. Lesiors 
involving mesenteric and retinal vessels have 
also been described. The arthritis sometimes 
disappears during attacks of diarrhea and zlmost 
always has subsided by the time the patient is 
presented for care of the sprue-like manifesta- 
tions of the disease. However, the polyserosits 
may still be active as evidenced by persistent 
attacks of pleurisy, pericarditis, peritoneal 
irritation, fever, elevated sedimentation rate and, 
in some cases, leukocytosis and eosinophilia. The 
complaints are usually of abdominal pain, 
diarrhea, asthenia and weight loss, and the 
findings are most consistently those of emacia- 
tion and hypotension and may include lymph- 
adenopathy, pigmentation or fever. Any com- 
bination of the laboratory findings common to 
non-tropical or secondary sprue may be presen: 
but a microcytic anemia is the most constan: 
phenomenon. Low serum protein is also fre- 
quently present. Small bowel dysfunction mar 
be demonstrated by flat vitamin A tolerance test 
x-ray deficiency pattern and often by a flat or 
delayed oral glucose tolerance curve. A dcughy 
abdomen and/or an abdominal mass, usually or 
the left side, are helpful observations bu 
apparently are not extremely common. Tc 
summarize, the over-all clinical picture is one 
which we would expect to see in the simultaneous 
occurrence of polyserositis and the malabsorp- 
tion syndrome. 

The clinical features of the disease can, how- 
ever, be simulated by other entities and the only 
absolute diagnostic criterion at present is the 
typical microscopic findings in the small towel 
and mesenteric lymph nodes. This includes the 
requirement that the macrophages be PAS-posi- 
tive and essentially sudan-negative. Plummer 
et al.7—?3 have summarized the cases prior to 
1953 and our references include all other cases 
reported to date.^*558191524?8 As might be 
expected in a disease with such protean disturb- 
ances, cases have been published under the 
heading of Whipple's disease which, because of 
inadequate description of the lesions or because 
findings strongly suggest another entity, fail to 
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satisfy this criterion. Ten cases have been 
indicted previously by others.5??? The case 
recently reported by Mendes!* is characterized 
by atypical lesions; indeéd, the diagnosis was 
rejected by reviewers of the material. Inguscio's 
case! completely lacks the study of tissue. 
However, we cannot agree with the opinion that 
the presence of chyloascites is reason to reject 
the diagnosis provided the other characteristic 
anatomic changes are present. There can be 
little doubt that lymph drainage eventually is 
blocked at the mesenteric nodes, that dilatation 
of the lymphatics takes place, and that even- 
tually rupture and chyloascites could occur. 
Whether remission of the disease on non-specific 
therapy is reason to doubt the diagnosis cannot 
be stated emphatically. Certainly spontaneous 
remission and exacerbation is not uncommon in 
“rheumatic” disease or non-tropical sprue, the 
entities of which resemble this disease in many 
ways. It is similarly common to many diseases 
responding to cortisone and ACTH. 

The disease is probably not as rare as the 
number of reported cases would seem to imply. 
Incognizar.ce of the disease and the operative 
barrier to establishment of the diagnosis are 
probably the: main factors responsible for the 
paucity of established cases. The material herein 
presented illustrates our own increasing aware- 
ness of the disorder, with diagnosis established 
twice by autopsy, the third time by laparotomy 
after the disease was suggested by peripheral 
node biopsy, and finally by peripheral node 
biopsy afte- the disease was suspected clinically. 
The latter means of diagnosis has obvious 
advantages and, because it avoids the hazards 
and expensz of laparotomy and intestinal biopsy, 
can be undertaken more readily by patient 
and physician. This is apt to result in more 
frequent and earlier diagnosis. Since it is possible 
that the prccess is no longer reversible when in an 
advanced stage, which may account for the vari- 
able response to ACTH and corticosteroid 
therapy, early diagnosis may be of great 
importance. 

Peripheral Node Diagnosis. Although periph- 
eral lymphadenopathy is mentioned in about 
50 per cent of the cases, few investigators have 
reported the results of microscopic examination. 
The presence of characteristic lesions in extra- 
abdominal nodes in this entity was first re- 
ported!^ ir 1938. In 1952, in addition to 
reporting typical changes in the peripheral 
nodes, Upton?’ emphasized the wide distribution 
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of glycoprotein-containing macrophazes in the 
periaortic and bronchial lymph nodes, in the 
periadrenal adipose tissue and in the liver. In the 
few remaining cases in which microscopic 
examination of peripheral nodes is mentioned it 
is stated that these nodes are not involved. 

Our experience has shown that the diagnosis 
can be established with confidence by examina- 
tion of peripheral nodes in these patients. All 
three patients in whom microscopic examination 
of peripheral nodes was done showed character- 
istic accumulations of Schiff-positive macro- 
phages, especially in cortical areas. The changes 
are suggestive even in sections prepared by the 
routine hematoxylin-eosin technic. There is 
generally a moderate hyperplasia of reticulo- 
endothelial cells in the medullary sinusoids but 
in addition one can distinguish the unusual 
appearing :nests of macrophages which are 
situated in the cortical areas. These nests are 
fairly discrete and are composed of cells which 
are slightly larger than the normal reticulum 
cells because of the accumulation of increased 
amounts of cytoplasm. The cytoplasm frs- 
quently shows fine vacuolization. In contrast 
to Upton’s findings,?* the lesions in our nodes 
showed no giant cell formation nor any similarity 
to a tubercle. Schiff stains disclose a marked 
reaction in these nests of macrophages and 
provide a pattern which we have not ea- 
countered in other processes. 

In addition, our two autopsied cases con- 
firmed completely the widespread nzture of the 
distribution of the Schiff-positive material, as 
described by Upton.”® Accumulations of macro- 
phages were found in loose connective tissue of 
the retroperitoneal space and in focal accumula- 
tions in the liver. The generalized distribution of 
the material parallels the reticulo-endothelial 
system and suggests that phagocytosis oy 
reticulo-endothelial cells is responsible for the 
material encountered in these areas. 

Role of the Adrenal. The role of the adrenal 
gland in this disease is of interest and several 
observers?:1?.?5 have reported the 17-ketostercid 
excretion to be at the lower limits of or below 
normal. Adrenal hypocorticism would explain 
certain striking features of the disease, such as 
pigmentation, hypotension and asthenia. The 
emaciation, diarrhea and abdominal pain which 
are also usually present by the time the patient 
seeks treatment necessitate consideration of 
Addison’s disease. Although it is possible that a 
relative adrenal insufficiency does exist, we 
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believe adequate information is at hand to state 
that there is no intrinsic defect in the hypo- 
thalamic-pituitary-adrenal system. 

The pretreatment 17-hydroxycorticoid excre- 
tion of patient E. V. was at the lower limits of 
normal. This was certainly not in keeping with 








TABLE II 
17-hydroxysteroid 
fei Excretion 
Datc | Treatment Dosage din E (mg./24 hr. 
equiv. to Com- 
pound E) 
9-12 | None. ." sigue sees 8.73 
9-13 | ACTH LV. 125U. 14.1* 
over 8 hr. 
period 
10-19 | ACTH gel 100 U 27.4 
for 2 weeks each day 
10-22 | ACTH gel 100 U. 37.4 
for 2 days; cach day 
product of 
another 
company 
12-16 | ACTH gel 20 U. 15.1 
for 1 week each day 
2-13 | Dihydrocorti- | 100 mg. 19 
costerone for |. each day 
3 weeks 
2-14 | Dihydrocorti- | 100 mg. 16.8 
costerone cach day 
2-26 | ACTH gel | 80 U. 26.1 
for 10 days each day 








* Denotes 8 hour collection period concurrent with administration of 
ACTH 
the clinical impression of the severity of the 
stress. At that time the patient appeared 
critically ill. Twenty-five U.S.P. units of cortico- 
tropin administered intravenously over an 
eight-hour period resulted in an increase in 
17-hydroxycorticoid excretion (Table m) and 
eosinopenia which were within normal limits. 
Marked symptomatic improvement followed 
and he remained afebrile for the next two days. 
Furthermore, long-term stimulation with corti- 
cotropin gel continued to produce high levels 
of 17-hydroxycorticoid excretion. Therefore, if 
relative adrenal hypocorticism does exist, it 
must result from failure of ACTH synthesis or 
release. Stress of the proper dimensions, how- 
ever, produced an adequate adrenal response 
as suggested by temporary remissions precipi- 
tated by surgical intervention in two of our 
patients. This implies an intact AC’TH-release 
mechanism. The eosinopenia in response to 
epinephrine, demonstrated by Jones et al. in 
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their patient, tends to support this assumption, 
although the validity of this test as a measure o 
pituitary-adrenal function is in doubt. The 
malabsorption state may lead to malnutritior. 
with specific depletions which are adequate ta 
account for the findings. Indeed, it seems 
extremely likely that the mechanisms producing 
these features in Whipple's disease are simila- 
or identical to those operating in the malabsorp- 
tion syndrome. In the latter condition no defec- 
in the hypothalamic-pituitary-adrenal mecha- 
nism has been demonstrated to our knowledge. 
although a number. of patients have benefitec 
from corticotropin and corticosteroid therapy 
These considerations and the failure of the 
induced adrenal hypercortical state to produce 
a universally favorable and sustained response 
in Whipple’s disease make it unlikely tha: 
deficiency of adrenal corticoids plays any funda- 
mental role in the etiology or fatal outcome o? 
the disease. 

Of further note was that the patient treatec 
‘with corticosteroids seemed unusually resistan- 
to the development of adrenal hypercorticism 
On a 1 gm. salt diet with supplementary 
potassium there were no manifestations o? 
hypercorticism despite a total of 2,400 mg. o7 
cortisone, 7,000 mg. of hydrocortisone and 8,00€ 
units of corticotropin gel in a six and one-hal? 
month period. Cortisone seemed to have nc 
effect upon his illness. Hydrocortisone producec 
a temporary remission after an exacerbatior 
during corticotropin therapy. As measured by 
urinary 17-hydroxycorticoid excretion, 20 phys- 
iologic units of corticotropin gel administerec 
once daily, was essentially equivalent to 100 mg 
of hydrocortisone per day. By the same measure- 
ment, 100 units of corticotropin gel daily 
produced twice the response of either of the 
foregoing. The poor response to cortisone wher 
compared to corticotropin, reported by Plummer 
et al, may reflect not only differences ir 
pharmacologic properties of the several corti- 


coids but to some extent the inadequacy o7 


the cortisone dosage. 

Ettologic Considerations. A primary purpose o? 
this report is to record the unusual familia: 
occurrence of Whipple's disease. The conditior 
described by Whipple has been considered z 
sporadically occurring entity of unknown cause. 
and most reports have neglected familial anc 
environmental history. Hendrix and Black- 
Shaffer? emphasized that all their patients were 
long term residents of North Carolina. They 
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considered the family histories of no significance 
in two cases; they did not record the family 
history in the remaining two. Whipple?? reported 
that the family history was not contributory. 
Blumgart? found a family history of "gout" 
in his mcst acceptable case. The father of 
Gaertner's patient? suffered from rheumatism 
and heart failure. Paulley!? noted that a sister 
of his patient had disseminated sclerosis. More 
recently, Story and Sagild?* reported that their 
patient's sister suffered from diabetes and that 
two brothers and a daughter had died from 
cancer. In some ways this resembles the initial 
report we received concerning our patients' 
relatives. Gagne? mentions that other members 
of the family had cardiac troubles but does not 
specify further. Albertini’s patient! suffered at 
the age of sixteen and twenty-two from a condi- 
tion diagnosed as rheumatic fever. The remain- 
ing cases contain no definite statement concern- 
ing family history. No previous cases of familial: 
occurrence of Whipple's disease are reported. 
The family. history in Cases m and m is 
presented in as much detail as is available so that 
the reader might make his own evaluation. The 
mode of death of the maternal grandmother is 
interesting-but a definite conclusion as to the 
nature of her illness is impossible. The family re- 
garded the illness preceding death of the mother 
at the age of forty-nine as identical with that of 
the brothers;and emphasized the symptoms, time 
relationships and mode of death. Despite the fact 
that a carcinoma of the cecum was suspected in 
her case, the authors feel that it is likely that she, 
too, had Whipple's disease. It seems probable 
that the institutionalized mongoloid brother has 
tuberculosis, although conclusive diagnosis will 
probably not be reached prior to death. A 
younger sister has suffered periodically from 
myalgia and right shoulder distress, recurrent 
abdominal pain, constant asthenia and a 
temporal mandibular arthritis thought to be 
secondary to malocclusion. She has had a 
chronic albuminuria for several years. She has 
also had a persistently flat oral glucose tolerance 
test and a low fasting vitamin A level. Her 
prognosis would seem uncertain. The institu- 
tionalized maternal uncle developed over a 
year’s time a course characterized by pleural 
effusion, cardiac enlargement, mediastinal en- 
largement “probably secondary to adenopathy), 
increasing serum non-protein nitrogen, elevated 
erthrocyte sedimentation rate and low fasting 
blood sugar. He is reported to have died of 
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coronary occlusion and congestive failure at the 
age of thirty-seven. A paternal cousin has 
rheumatoid arthritis. The two daughters of 
E. V. and another sister have normal oral 
glucose tolerance and vitamin A tolerance tests. 

This instance of proved Whipple's disease in 
brothers is, in view of the rarity of the disorder, 
not apt to be accidental. The family history 
serves to emphasize possible hereditary factors. 
However, exposure to the same infectious or toxic 
agent deserves some consideration. No exposure 
to a toxic agent is known but the family had 
known exposure to brucellosis and tuberculosis 
in cattle from which they drank unpasteurized 
milk. In this regard, tuberculosis with caseation 
was discovered in a mesenteric node and at tae 
apex of one lung in the patient reported by 
Christie and Galton, and a caseous node is 
reported by Whipple. 

A survey of the reported cases of Whipple’s 
disease suggests in three ways that a gene-ic 
mechanism may be of etiologic significance: 
(1) The great majority of the cases have been in 
males. This is overwhelmingly true if challeng2d 
cases are eliminated. Although this might be 
explained by exposure to an agent not en- 
countered by females (perhaps occupational) or 
by hormonal influences, a genetic factor tne 
expressivity of which varied in the sexes (a 
not uncommon genetic condition) seems much 
more likely. (2) All cases thus far reported have 
occurred in the white race although there has 
been no special preference for specific nationali- 
ties. Lack of exposure to a disease agent en- 
countered by the white race seems unlike.y, 
especially in the United States. Racial immunity 
seems equally unlikely. The nationality of tae 
patient has not always been stated but when 
recorded shows no preference. Cases have be2n 
reported from Scandinavia, the Continent, 
Italy, England and South and North America. 
There has been no specific mention of one of 
Jewish descent. This situation is strikingly 
similar to that encountered in non-tropical 
sprue. (3) All but two cases have occurred after 
the age of twenty-five. In one of these excepticns 
(Kampmeir, Case 2) the description of the 
microscopic pathology is weak and there is no 
information as to the nature of the mater-al 
contained within the macrophages described. 
The other exception (Kampmeir, Case 3) is a 
thirteen year old girl with clinical and micro- 
scopic evidence establishing the diagnosis of 
lupus erythematosus and Whipple’s disease. 
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This consistency in age of the onset of the illness 
is worth noting since it is common for many 
hereditary diseases to manifest themselves over 
a selected age range. 

The genetic factor therefore deserves con- 
sideration. In the light of presently known cases, 
the inheritance cannot be explained by a solely 
dominant, recessive or sexlinked characteristic. 
In regard to the latter, well established cases 
have been reported in women. If a genetic factor 
is involved, it would appear to be dominant 
with great variability in expressivity and pene- 
trance. The inferred genetic relationship is very 
similar to that seen in the malabsorption syn- 
drome. Like Whipple’s disease, it is most 
frequently manifested in the white race without 
national preference, is frequently clinically 
latent for many years and has a higher incidence 
in adult life in the male. 

Speculation as to the primary defect in this 
disease and its pathogenesis has been men- 
tioned previously. Determination of several 
points might greatly clarify the situation. The 
first point is whether the intestinal absorption 
defect or the polyserositis is the primary condi- 
tion. At the time when this might be determined 
the condition would not be recognizable clini- 
cally. Considering the possible hereditary nature 
of the disease, testing siblings and children 
of patients seems a logical approach. The 
secretory and absorption mechanisms of the 
gastrointestinal tract are the most reasonably 
tested. This was attempted, with the results 
previously recorded. More complete studies were 
performed only on the member showing some 
abnormality in screening tests and these studies 
failed to reveal further evidence of disease at this 
time. The second point concerns establishing the 
origin of the mucoprotein substance found in the 
macrophage, although it seems obvious from 
the distribution that the point of origin is in or 
through the intestinal mucosa. Of further aid in 
localizing suspicion to the epithelial cell of the 
intestinal mucosa is the observation by Frazer® 
of disordered metabolism of intestinal mucin in 
sprue-like states. The third point is the chemical 
nature of the mucoprotein and its relation to the 
increased serum | mucoprotein demonstrated 
by Story and Sagild and confirmed by us. It is 
granted that some of the material must travel 
by way of the blood stream to reach the distant 
peripheral nodes. Were this not true, its 
presence in these nodes would infer a local 
origin. However, many other diseases manifest 
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high serum levels of mucoproteins. Many of 
these conditions have only inflammation and 
destruction of tissue in common, such as infarc- 
tion, infections like pneumonia and meningitis, 
and malignancies.!^" Rheumatoid and Marie- 
Strümpell arthritis and gout show such eleva- 
tions,’® as does vitamin C deficiency in the rat.?! 
None of these result in accumulation in macro- 
phages in the distribution typical of Whipple's 
disease. It cannot at present be inferred that this 
increased serum mucoprotein bears any par- 
ticular relationship to that seen within the 
macrophage. 

From the standpoint of pathogenesis we con- 
cur in the opinion expressed in full or in part 
by several recent authors to the effect that the 
primary defect is probably a metabolic defect 
of the intestinal mucosal cell, resulting second- 
arily in a polyserositis as the result of hyper- 
sensitivity to a mucoprotein substance. This 
theory has several implications. Since all ab- 
normal elevations of serum mucoproteins do not 
result in polyserositis, and since patients with 
Whipple's disease nearly all have some such 
manifestations, a difference in the nature of the 
mucoprotein or the “allergic” nature of the 
patient is inferred. Since the arthritis (or the 
pleurisy and pericarditis when symptomatic) is 
usually the first symptom, this implies a clinically 
"silent" intestinal defect existing frequently for 
years before it becomes symptomatic. This 
lends credence to the conjecture that it may 
exist from birth. 

The possibility of a primary polyserositis 
triggering a latent intestinal defect, as infection 
frequently does in sprue, cannot specifically 
be denied although it has many shortcomings, 
not the least of which is the observed bowel 
changes. 


SUMMARY 


Four cases of Whipple’s disease diagnosed 
between 1943 and 1954 are presented. Case 
histories of brothers proved to have the disease 
and extensive history suggesting possible ab- 
normalities in other members of the family is 
presented. 

Diagnosis by peripheral node biopsy is 
proposed. 

It is concluded that pituitary-adrenal factors 
have no fundamental role in the etiology or fatal 
outcome of the disease despite the improvement, 
at least temporarily, of patients receiving ACTH 
or corticosteroid therapy. 
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The opinion is expressed that the disease is a 
hereditary one and transmission 1s not greatly 
different from that seen in the malabsorption 
syndrome. The primary defect is probably a 
metabolic ane localized in the intestinal mucosa. 
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ARIATIONS on the theme of the patho- 

\ j genesis of sarcoidosis have been many 

but the theme itself has long remzined. 
one of host peculiarity. An aberrant individual 
response has been invoked by those favoring a 
relation to tuberculous infection?? as well as more 
recently by those who have seen a histo- 
pathologic similarity between sarcoidosis and 
"allergic" tissue states such as periarteritis 
nodosa.?* 

The hypothesis that the host peculiarity might 
be an immunologic one has frequently been held. 
Cutaneous anergy to tuberculin,? the occasional 
finding of “anticutins,”’'4 disturbances of the 
serum globulins,?? relative insensitivity in sar- 
coidosis to BCG,!* and the frequent modification 
of the clinical course of the disorder with steroid 
therapy?" have all lent weight to this hypothesis. 
Very recently, two new pieces of evicence 
relevant to the immunologic aberration thesis 
have been presented. Friou! has demonstrated 
that patients with sarcoidosis are also less reac- 
tive cutaneously to oidiomycin, trichophytin and 
mumps virus; and Israel et al? have shown 
the same situation to obtain with regard tc 
histoplasmin. 

In further exploration of immunologic con- 
siderations, Sones and Israel? found that ir 
sarcoidosis there was neither an increased nor 2 
diminished ability to make circulating anti- 
bodies to pertussis agglutinogen or typhoic 
vaccine. Since it has been previously shown by 
the mismatched blood technic that serclogic 
hyper-reactivity exists in certain diseases ir 
which hypersensitivity is thought to play z 


major pathogenetic role,*® this method o: 


estimating ability to make circulating antibodies 
was used to study serologic reactivity in sar- 
coidosis. The results obtained form the basis 
for this report. 


METHOD 


The individuals studied were of three groups: 
normal volunteers, patients with active pul- 
monary tuberculosis, and patients with sar- 
coidosis. The thirty volunteers were composed of 
presumed normal individuals who were either 
on duty at Fitzsimons Army Hospital or were 
awaiting return to duty following convalescence 
from orthopedic disorders. No other criterion 
was used ir the selection of this group. 

The twenty-one patients with active pul- 
monary tuberculosis were chosen from the 
tuberculosis wards of Fitzsimons Army Hospital 
and were tested shortly after admission. They 
were all bacteriologically proved cases. Fifteen 
had far advanced, five moderately advanced and 
one minimal disease. The nineteen cases of 
sarcoidosis were all proved by biopsy, and other 
causes of the sarcoid reaction such as histo- 
plasmosis, coccidioidomycosis and berylliosis 
were ruled out as well as possible by history, 
cultures, skin tests and agglutination studies. 

lhe normal group and the patients with 
tuberculosis were tested only on one occasion. 
The patients with sarcoidosis were given a six 
weeks’ course of ACTH intravenously in the 
following dosage: 20 mg. over an eight-hour 
period each day for four weeks, 15 mg. over an 
eight-hour period each day for one week, and 
10 mg. over an eight-hour period each day for 
one week. The patients were tested before 


* From the Departments of Medicine and Pathology, and the Research and Development Branch, Fitzsimons 
Army Hospital Denver, Colorado. 
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therapy was begun and again between the end 
of the second week and the end of the fifth week 
of therapy. After ACTH administration had 
been stopped from one to three months, the 
patients were retested. 

'The testing consisted of the intravenous injec- 
tion of 1 cc. of mismatched blood directly after 
obtaining a baseline serum sample for iso- 
agglutinin titration. One week later another 
serum sample was obtained for isoagglutinin 
titer response to the stimulus of the mismatched 
blood. Titrations were performed in both saline 
and albumin diluents. The reasons for employ- 
ing incompatible blood as the challengir.g 
antigen, the dosage used and the technic of 
titration are contained in a report published 
elsewhere.* 

The titer responses of the group of patients 
with tuberculosis and the group of untreated 
patients with sarcoidosis were each compared 
' with the titer responses of the group of normal 
volunteers by means of the “‘student t" test. 
This method assumes that the group of un- 
treated patients with sarcoidosis, the group of 
tuberculous patients, and the normal group all 
came from the same population. This hypoth- 
esis then is evaluated by means of the formula: 


Xi — X 

IE (+ " i) 

Ni +Ne—2 Nae Na 
where: X = arithmetic means of values, v = 
standard deviation, N — number of cases. Using 
a Probability (P) table for “t” with Degrees of 
Freedom (DF) equal to Ni + N: — 2, a “P” 
value was obtained. A “P” value of 0.05 or less 
was considered to indicate a significant diffe-- 
ence, and 0.01 or less a highly significant differ- 
ence between the sets of data, thus refuting tke 
hypothesis that all sets were from the sarre 
population. | 

In comparing the titer values for patients 
with sarcoidosis during and after ACTH admin- 
istration with the values obtained prior to 
ACTH administration, each individual was used 


as his own control. The "student t" test was 
used, employing the formula: 


— 
— 


Sas es 
A — d?N 
N(N — 1) 


where: d = arithmetic difference between tke 


t = 


value before ACTH, and the values during and 
after such treatment, d = arithmetic mean, 
N = number of cases. A Probability table for 
“t? was used with Degrees of Freedom (DF) 
equal to N — 1. The significance of the “P” 
value was interpreted as already indicated. 


TABLE I 
CHANGE IN ISOAGGLUTININ TITER IN NORMAL INDIVIDUALS 
FOLLOWING INTRAVENOUS INJECTION OF 1 cc. OF 
INCOMPATIBLE BLOOD 
Fold-Increase 


Saline Titer Albumin Titer 


Before Albumin 


Saline 





* No change: used in computation as a fold increase of one. 

T Not included in computations for valid sta-istical reasons. 

An attempt was made to relate the tissue 
changes in the biopsy specimens and the clinical 
symptoms and signs to the fold increases in saline 
isoagglutinin titer in untreated patients with 
sarcoidosis. This was done in the following 
manner: the relative numbers of giant and of 
epithelioid cells in the biopsy material were 
each graded zero to four plus, and the sum 
recorded for each patient. The same was done 
for relative amounts of fibrosis and of hyaliniza- 
tion in the biopsy specimens. The former ele- 
ments were taken to indicate activity, and the 
latter elements were taken to indicate inactivity 
of the tissue changes. Next, each of a number of 
common symptoms and signs in sarcoidosis was 
graded zero to four plus and the sum recorded 
for each patient. The statistical method used in 
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TABLE If TABLE Hi 
CHANGE IN ISOAGGLUTININ TITER IN TUBERCULOUS PATIENTS CHANGE IN BOAGGLUTININ TITER IN PATIENTS WITH 
FOLLOWING INTRAVENOUS INJECTION OF 1 CCG. OF SARCOIDOSIS FOLLOWING INTRAVENOUS INJECTION 
INCOMPATIBLE BLOOD OF | cc. OF INCOMPATIBLE BLOOD 



































Saline Titer Albumin Titer Fold-Increase Salire Titer Albumin Titer Fold-Increase 
Patient Patient 
No. No. 
Baseline | 1 Week | Baseline | 1 Week |. Saline | Albumin Before | 1 Week | Before | 1 Week | Saline | Albumin 
i 27 324 28 224 8 8 7. Before ACTH Administration 
2 20 14 0 7 4 2 
3 | 56 224 14 224 4 16 1 224 1792 28 1792 8 64 
4 - 224 448 56 224 2 4 2 448 - 3584 112 448 8 4 
5 1792 896 224 112 —2 —2 3 448 3584 28 448 8 16 
6 112 224 56 224 2 4 4 448 | 11,200 56| 112 25 2 
7 112 112 14 112 | nc 8 5 224 896 28| 448 4 16 
8 896 896 112 448 | nc 4 6 448 5600 224| 896 12 4 
9 224 112 28 56 | —2 2 7 1792 | 22,400 448| 1792 12 4 
16 224 224 56 56 n.c n c. 8 448 3584 112 448 8 54 
11 224 112 28 56 | —2 2 9 112 448 56| 224 4 4 
12 56 224 56 112 4 2 10 224 1792 14| — 224 8 16 
13 112 112. 56 112 | ne 2 11 56 896 28| 224 16 8 
14 896 896 224 224 n.c nc, 12 112 448 14 448 4 32 
15 448 896 28 1792 2 54 13* 1792 1792 1792 | 14,336 n.c 8 
16 56 | 1792 0 896 32 256 14 28 224 28| 224 8 8 
17 896 896 224 448 | nc 2 15 224 224 | 28 56 | ne 2 
18 448 448 56 112 n.e 2 16 224 1792 56 224 8 4 
19 | 1792 224 224 224 | —8 n.c. 17 28 448 14| 448 16 32 
20 | 1792 | 1792 224 896 | nc 4 18 896 896 896| 224] ne —4 
21 448 896 56 56 2 n.c. 19 1792 7168 112 448 4 4 
* When the baseline titer was zero and the response titer was 7 the 2. While Receiving ACTH 
fold-increase was assigned a value of 2; increments above 7 were 
assigned proportionate values. 1 448 224 896 n.c 4 
2. 2 224 14| 448 | nc 32 
correlating the clinical evaluations and the 3 1792 112| 1792 4 16 
. . 4 3584 56| 896 8 16 
estimates of the tissue changes in the biopsy K Soc iid] kie A j 
materials with the fold-increases in saline titer 6 SE E 
; 7 112| — 448 : 4 
was to obtain a correlation coefficient (r) by the "AE ois MESURE. ERG " p 
method of least squares. This approach is con- 9 448 56| 224 4 t 
: 10 1792 112| 112 8 n.c 
tained in the formula: 11 224 112 112 n.c n.c 
i2 896 28| 112 32 4 
i ZxXy TS” luis Dbsseies boxe ERES 
Zxy = 14 896 56| 224 8 4 
N 15 224 7 28 8 4 
t= pote pee e E i16. ibas. oed wewcesbaubeebs £43 
Sy) Jf Y 17 896 224| 224 4 n.c 
J s = CLA 2y? — Ey 18 448 28| — 112 4 4 
N N TE PME COME vH go 
where: r — correlation coefficient, x — numeri- 3. Following ACTH Administration 
cal expression for clinical evaluation or patho- i 
logic changes, y = fold-increase in saline titer, 2 448 | 448 |  224| 224 | nc. me 
N = number of cases. The value of “r° may À PLI Do a XE 
vary from plus one to minus one. A value of plus 5 448 448 56| 112 | ne 2 
or minus one indicates complete correlation, : S Lua Pu eros Bs 
while a value of zero indicates no correlation at 8 KNEE DOE. EMO ORIEM see 
9 Sean etre Derren MEER e A 
all. j 10 896 896 112] 224 | ne. 2 
11 224 112 14 28 | —2 2 
RESULTS 12 224 112 56] 112] —2 2 
- "Mr "EP 13* | 1792 | 14,326 | 112,000] 7108 8 —16 
Table 1 lists the changes in isoagglutinin titer 14 224 224 33| 224| ae 8 
rd a Y "ME ep 15 24 112 a 
exhibited by thirty normal individuals receiving 16 1792 1792 2| 448| ne 4 
1 cc. of mismatched blood intravenously. Table x 3584 448 | 3584| 896 | —8 d 
Hn provides analogous data for twenty-one 19 UE oco Rao Nope MEER E 
tuberculous patients. Table m shows similar 
data for patients with sarcoidosis: nineteen * Patient not included in computations owing to doubt as to tech- 
i : nical and statistical validity. 
of these patients were tested before ACTH f Test not performed. 
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administration, fourteen of the same group were 
tested again during steroid therapy, and eleven 
were tested after ACTH treatment. Nine 
patients were followed by testing at all three 
periods. ‘Table 1v is a statistical data summary 
chart. Here it can be seen that there is no 
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therapy from the response before such treat- 
ment. But after steroid therapy titer response 
was significantly lower than it had been before 


. therapy, as can be seen by the “P” values in 


Table rv. Treatment of statistics was difficult 
owing to the relatively few patients in these 


TABLE IV 
DATA SUMMARY CHART 


Saline Albumin 
No. 
of Pa- Arith- Arith- 
tients metic Fold- metic | Fold- 
(N) | Base 1 Week | Differ- In- Base | 1 Week| Differ- | In- 
ence crease ence | crease 
(A) (A) 
Normalena tak bee RE 29 
Average titer (X)............ ss. 354.3 538.8 184.4 3.17, 110.6) 188.8 78.2 | 4.14 
Standard deviation (7).......... 444, 495. 350. 5.98] 227. | 233. 270. 2.11 
Patients with tuberculosis.......... 21 
Average titer (X)..... T 228. 6.4 
Standard deviation (e).......... 425. 14.1 
* Probability (P) 200.4. Seana nt PR 0.15] 0.4 
Patients with sarcoidosis before 
ACE. eee a RAS — 18 
Average titer (X).............. 3256. 8.721 127. | 507. 380. 19.2 
Standard deviation (¢).......... 5090. 5.92; 219. | 502. 502. 16.25 
* Probability (P) cerrar Ren «0.01|] «0.01 0.8| «0.01| «0.01|«0.01 
Patients with sarcoidosis receiving 
TaN i e e xS "n 14 ; | 
Average titer (X)........... un. 692. 6.0 | 89.5| 434. 344. 7.07 
Average difference (d).......... —2420. —2.64|—21.5| —74. —36.5 |—7.64 
I Probability (PB) cocos ea mus 0.15| 0.40} O.7| 0.65 0.8 | 0.2 
Patients with sarcoidosis after ACTH} 11 . 
Average titer (x)... eeseeda ex —302.. | —0.7 | 425. | 252. |—173. 249 
Average difference (d).......... —2251. |—10.5 | 387. |—33.6 |—449. |—9.9 
f Probability [PS oce diis au pns 0.05 0:3. 0.7 0.18| <.05 
































<.01 


* Probability of chance difference from values obtained in normal individuals. 


f Probability of chance difference from values obtained 


significant probability that titer responses in the 
normal and tuberculous groups were differeat. 
In contrast; however, patients with sarcoidcsis 
before steroid therapy exhibited saline isoag- 
glutinin titer responses that differed from those 
of the normal individuals with a highly signifi- 
cant probability, whether judgment is based on 
absolute rise or fold-increase. Titers based on the 
use of albumin as the titration diluent showed 
the same highly significant difference. 

There was no significant alteration in the 
isoagglutinin titer response during stercid 


in patients with sarcoidosis before receiving ACTH. | 


categories and the considerable spread of the 
data; hence, it was believed appropriate to 
construct Figure 1. Here it can clearly be 
seen that titer response after steroid therapy 
was always lower than it had been before 
therapy. 

Table v presents an attempt to give numerical 
values to the various pathologic changes in the 
biopsy specimens, and to the clinical symptoms 
and signs exhibited by patients with sarcoidosis. 
The degree of correlation between these factors 
and the pre-therapy fold increases in saline 
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isoagglutinin titer were then determined. It is 
obvious from the correlation coefficients in the 
right-hand column of Table v that no significant 
degree of correlation exists. 


COMMENTS 


Many of the previous studies on the nature of 
sarcoidosis may be regarded as immunologic 
in implication. Perhaps the first of these was the 


observation by Schaumann® that patients with 
sarcoidosis are apt to have a negative tuberculin 


- skin test. This observation has been one of the 


most repeatedly and fully confirmed findings 
in the history of sarcoidosis." !? Jadassohn?? 
construed such lack of cutaneous reactivity 
into a positive concept of *Anergie," mediated 
by a specific immune process occurring in the 
course of tuberculosis. Martenstein’ gave even 


TA3LE v 
CORRELATIONS OF APPARENT PATHOLOGIC ACTIVITY AND INACTIVITY, CLINICAL ACTIVITY, AND 
FOLD-INCREASE IN SALINE ISOAGGLUTIN-N TITER, IN EIGHTEEN UNTREATED PATIENTS WITH 
SARCOIDOSIS 











Giant and | Fibrosis and | Symptoms and Fold-Increase 
in Saline Iso-. 
agglutinin Titer 





Correlation Coefficient of: 











TT— — —I MM ROM RR eee RIDE PEE ERAN NEN RR] MONSON AES ERE RA RE - sz 25 = 


oe Epithelioid Hyaliniza- Signs of Clini- 
i Cells* tionT cal Activity} 
: 4 3 10 
2 3 | o | 7 
3 s | s» | 2 
| + | 3 | 74 | os Bad 
5 € 4d s X4. x 
EY. Cu Wu ua | wr t3 
7 TP | = T M7 
8 4 5 7 
9 5 UE MU VEL ONE 
oc. s We a cA me. | 
11 3 1 ; 
2 | 5 | «a | $5 
13 2 | o | 5 
14 6 4 , 
5 | 6 | 4 | 7 
16 6 | 7 | s 
vss | m | We 3 
il XX d o m od ww» 4 








8 Path. activity vs. path. inactivity: ~ = .16 
8 
8 
25 Path. activity vs. reciprocal of path. inac- 
tivity: ~ = 1 
4 n 
12 iM 
12 Saline fold-increase vs. path. activity: - 
^T = 22 
8 
4 
8 Saline fold-increase vs. path. inactivity: 
16 
4 
8 Saline fold-increase vs. clinical activity: 
~ = 24 
1 
8 
16 Saline fold-increase vs. reciprocal clinical 
activity: ~ = .107 
1 
4 


* The relative numbers of giant and of epithelioid cells in the biopsy specimen were each graded zero to four 
plus, and the sum entered in this column. This column was taken to indicate activity. 
T The relative amounts of fibrosis and of hyalinization were each gradzd zero to four plus, and the sum recorded 


in this column. This column was taken to indicate inactivity. 


Í Each of a number of common signs and symptoms of sarcoidosis was graded. zero to four plus and the total 
entered in this column. Above 10 was considered marked, 5-10 moderate, and below 5 mild clinical activity. 
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more exact expression to the concept of anergy 
by ascribing it to the production of specific 
anti-tuberculin antibodies which he termed 
‘“‘anticutins.” The presence, but neither the 
specificity nor the role of anticutins in sar- 
coidosis, was confirmed by Pinner, Weiss and 
Cohen.!^ Further evidence of “anergy”? was 
offered by Lemming!* who noted that a nega- 


FOLD 


tive Mantoux reaction persisted in patients with 
sarcoidosis who were vaccinated with BCG. 

In addition to the peculiar behavior of the 
tuberculin skin test in sarcoidosis, another kind 
of aberrant tissue reaction has been reported. In 
1941 Kveim! showed that ground-up node and 
spleen material from patients with sarcoidosis 
produced a nodular lesion when patients with 
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Fic. 1. Decrease in ability to manufacture isoagglutinins following steroid therapy in nine patients with sarcoidosis. 
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the same disease were inoculated intracuta- 
neously with this material. This lesion, when 
examined by biopsy several montbs later, proved 
to be similar in appearance to those found in 
sarcoidosis. The finding suggested to Kveim a 
transferable agent as the cause of the disorder. 
This conclusion had to be amended following 
the work of Putkonen!” and of Nelson!? who 
showed that patients with sarcoidosis exhikited 
this reaction to certain non-sarcoid tissues also. 
The warranted conclusion has been retained, 
however, that the tissue responses in sarcoidosis 
are abnormal. 

The essential distinction between inability of 
the skin to respond when all elements necessary 
for cutaneous reaction to tuberculin are present, 
and abnormality of one of the elements them- 
selves was made by Urbach, Sones and Israel 
in 1952.'° They found that when patients with 
sarcoidosis were inoculated intracutaneously 
with white cells from tuberculin-positive sub- 
jects and the site challenged with tuberculin, a 
positive skin test could be obtained. This was 
taken to indicate failure, in sarcoidosis, to 
manufacture or transport antibody rather than 
inability of the skin to respond. 

The concept that the negative tuberculin 
reaction is in some way specifically related to the 
pathogenesis of sarcoidosis was finally vitiated 
by Friou's demonstration that cutaneous hvpo- 
reactivity also existed to  oidiomycin, tri- 
chophytin and mumps skin antigen.! This 
observation was extended by Israel et al.? who 
found skin hyporeactivity to histoplasmin, and 
also by Sones and Israel who showed skin 
hyporeactivity to pertussis material. These 
latter authors? also demonstrated a normal skin 
response in patients with sarcoidosis to intra- 
cutaneously administered histamine and to the 
Prausnitz-Kuestner reaction using ragweed pol- 
len and appropriate serum. 

Studies of serologic reactivity lagged behind 
studies of tissue reactivity. It was not vntil 
1949 that Carnes and Raffel? demonstrated 
that complement-fixing antibodies to multiple 
antigens prepared from the tubercle bacilus 
were no different in level in patients with 
sarcoidosis than in normal, tuberculin-posrtive 
individuals. Similarly, Fleming, Runyon and 
Cummings’! showed the same situation to 
obtain using the Dubos-Middlebrook hemag- 
glutination test. At this point in the chronology 
of studies on sarcoidosis one could say chat 
apparently tissue reactions and serologic reac- 
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tions in the disease had different implications. 

The two serologic studies described con- 
cerned static antibody levels obtained at a 
single point in time. A different approach, 
measuring antibody response over a period of 
time following a single antigenic challenge, 
was employed by Sones and Israel in 1954.3 
Using pertussis agglutinogen and typhoid 
vaccine they showed that patients with sar- 
coidosis manufactured circulating antibodies 
to the same extent as did normal individuals. 
Our finding of more than normal ability in this 
regard may be due to the particular antigenic 
challenge used in this study. The principal 
reason for employing mismatched blood in 
measuring antibody reponse in sarcoidosis 
was the previous experience that this tech- 
nic demonstrated serologic hyper-reactivity 
in rheumatic fever and lupus erythematosus 
disseminatus. ** 

Our results indicate that serologic hyper- 
reactivity is a frequent characteristic in sar- 
coidosis but not in tuberculosis. The kind of 
serologic behavior in sarcoidosis reported in this 
paper should be regarded as a characteristic 
of the disorder analogous to other descriptions, 
such as chenges in serum protein patterns,?? 
lack of caseation in the granulomatous lesions!” 
or frequency of myocardial involvement.” 
The characteristic described does not in itself 
directly illuminate the question of the tuber- 
culous etiolcgy of sarcoidosis. 

The attempt to correlate titer response, clinical 
status of the patient and pathologic changes in 
the biopsy material was unsuccessful. Three 
possible causes may be assigned for this failure: 
the members of the group were a non-homo- 
geneous population; the method of evaluating 
clinical status and: pathologic changes was 
fallacious; no correlation exists among the three 
elements. It is impossible to evaluate the relative 
roles of these factors. | 

The “P” values that express degree of signifi- 
cant differer.ce among isoagglutinin responses of 
patients with sarcoidosis before, during and 
after ACTH therapy are listed in Table tv. It 
can be seen that the titer response after steroid 
therapy was significantly lower than before 
such therapy, although the titer response during 
therapy was insignificantly lower than the 
response beore therapy. Moreover, Figure 1 
reveals clearly that in every one of nine patients 
with sarcoidosis who was tested for saline 
isoagglutinin titer response before and after 
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ACTH therapy there was a lower fold-increase 
value after therapy than was obtained before. 
In fact, eight of the nine patients showed no 
fold-increase or a negative valie on testing 
the titer response after ACTH administration. 
This is especially impressive if one considers 
that successively higher peak titers are to be 
expected upon repeated administrations of this 
antigen.??-?^ It seems a reasonable assumption, 
therefore, that ACTH was exhibiting its well 
known ability to curtail to some extent the 
ability to make antibodies?? in these cases of 
sarcoidosis, although it must be admitted taat 
we do not know if normal anamnestic responses 
are to be expected in this disease. It is tempting 
but wholly unwarranted to relate this diminution 
in.ability to make antibodies to any therapeutic 
benefit the patients might have received from 
steroid therapy. 

With the evidence for serologic hyper-reac-iv- 
ity presented in this report, observations on 
sarcoidosis fall into a strange dichotomy. On the 
one hand, a tissue abnormality seems to exist 
involving both a failure of response to certain 
intracutaneously administered agents and a 
particular kind of response to others (Kveim 
reaction); and on the other hand, there is 
increased ability to manufacture circulating 
antibodies to at least one challenging antigen. 
Certainly it is difficult to reconcile the idea 
of increased ability to make circulating anti- 
bodies upon intravenous antigenic stimulation, 
with hyporeactivity to cutaneous stimuli of an 
antigenic nature. And when one attempts to fit 
together increased ability to make circulating 
antibodies and a peculiar nodular tissue response 
to many agents one experiences a feeling of 
irrelevance if not indeed of conflict. One may 
force an analogy between, say, the serologic 
hyper-reactivity and particular tissue changes in 
sarcoidosis, and the serologic hyper-reactivity 
and particular tissue changes in lupus. But 
propriety and conviction both seem to be lacking 
in the analogy. Certain pathologic studies have 
been thought to suggest a similarity between 
the appearance and distribution of lesions in 
sarcoidosis and in periarteritis nodcsa.?* Agzin, 
the danger is one of forcing an analogy. Of 
course, certain aspects of sarcoidosis suggest a 
pathogenetic relation of the disorder to hyper- 
sensitivity. Eosinophilia,!? disturbed serum pro- 
tein patterns, amelioration of the disorder 
when pregnancy supervenes*® and clinical 
response to steroid therapy?’ are all circum- 
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stantial bits of evidence with a certain cumula- 
tive force. The finding presented in this report, 
of serologic hyper-reactivity to at least one anti- 
genic challenge, is in consonance with the 
suggestion that hypersensitivity may play a role 
in the pathogenesis of sarcoidasis. But proof it is 
not. One must rest content with the observation 
that serologic hyper-reactivity is a -frequent 
characteristic of sarcoidosis and await the 
clarifications that future exploitations of such 
observations may afford. 


SUMMARY 


1. Patients with sarcoidosis produce signifi- 
cantly higher titers of isoagglutinins in response 
to the intravenous administration of mismatched 
blood than do normal individuals. The response 
in patients with tuberculosis is not significantly 
different from that in normal subjects. 

2. Attempts to correlate titer response with 
clinical status of the patient with sarcoidosis and 
nature of pathologic changes were unsuccessful. 

3. Not only were anamnestic responses to the 
antigen not seen when patients with sarcoidosis 
were tested again after steroid therapy but also 
in every case the fold-increase in titer was less 
than it had been before therapy. 

4, The significance of the finding of serologic 
hyper-reactivity is discussed in terms of possible 
relations of sarcoidosis to hypersensitivity. 
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INCE 1945, when Christie and Peterson?!? 
and Palmer!** reported their remarkable 
findings concerning the frequency of 

positive skin reactions to histoplasmin, histo- 
plasmosis has been recognized as a disease of 
considerable importance. It has been searched 
for and reported in many parts of the globe but 
has been clearly demonstrated to be endemic 
to a significant degree only in the eastern cen- 
tral United States. 

It is true that, at present, the chief importance 
of histoplasmosis rests with the tendency to 
confuse it with other diseases, particularly 
pulmonary tuberculosis; however, the rapidly 
increasing number of correctly diagnosed czses 
calls for greater appreciation of the potentiali-ies 
of this disease for morbidity and mortality in 
its own right. Criteria for the diagnosis of :he 
disease have varied considerably; they should 
become more strict with increasing knowledge 
and availability of laboratory facilities. In :he 
endemic area the diagnosis must be considered 
`- daily on the indirect evidence of skin sensitivity 
to histoplasmin in the presence of pulmonary 
(often calcific) roentgenographic aberrations 
and a negative tuberculin reaction. It is quite 
probable that histoplasmosis constitutes he 
most common cause of “fever of undetermined 
origin" in childhood in this part of the Unized 
States. | 

This paper represents an attempr to sift znd 
organize the available information concern:ng 
histoplasmosis, to evaluate still existent prob- 
lems and to report seven new proved cases 
illustrating the variability of the clinical 
picture. 


HISTORY AND EPIDEMIOLOGY 


The historical aspects of histoplasmosis have 
been covered in several readily available re- 
views31«,314,1355,187,1885,21? and will be only briefly 
recapitulated here. They are so closely related 
to the investigations of the epidemiology that 


| itis proper and desirable to bring the two head- 


ings under joint consideration. 
The first recognition of a previously unknown 


infecting organism was made by Darling in 


Panama in 1905.4 The patient, a twenty-seven 
year old Martiniquan Negro, had ‘“‘pseudo- 
tubercles in the lungs" and focal necroses in the 
spleen, liver and lymph nodes at necropsy. In 
Jarge mononuclear cells in these lesions and also 
free in the tissues, Darling observed round 
or oval bodies with refractive rims or capsules. 
Recognizing that these differed from Leishman- 
Donovan bodies for which he was searching, 
Darling suggested the name Histoplasma capsu- 
lata (sic) for the new agent. lhe name ap- 
parently was chosen to designate its tissue 
invasiveness, its resemblance to plasmodial 
protozoa and its refractive capsule. In 19084% 
and again in 190945? he reported similar obser- 
vations in another Negro from Martinique and 
in a Chinese shopkeeper. 

For almost two decades no further reports of 
the disease were made, and then a few scattered 
case reports appeared from Austria,!9 Min- 
nesota,?? Central America,!?? the Philippine 
Islands??! and the Dutch East Indies.'*7 As to the 
nature of the organism there was still some 
doubt, and the diagnoses were based upon the 
morphology of the parasite in infected tissues 


* From the Children's Hospital and Children's Hospital Research Foundation; Laboratorv of Mycology, Cin- 
cinnati General Hospital; Departments of Pathology, Pediatrics, Radiology and Dermatology, University of Cin- 
cinnati College of Medicine, and the Clinical Laborztories, Jewish Hospital. This investigation was supported in part 
by research grant E-576 from the National Institutes of Health, Public Health Service. 
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and on the resemblance to the pathologic data 
and illustrations in Darling’s publications. 
Although da Rocha-Lima,** from the study of 
slides of Darling's material, had suggested :n a 
remarkable paper in 1912 the mycotic racher 
than protozoan character of the organism, it 
remained for DeMonbreun*'^ and Hansmann 
and Schenken,’® independently in 1933, to 
identify conclusively the organism as a fungus 
and to describe its cultural characteristics. De- 
Monbreun's organism was obtained from the 
blood and tissues of a six-month infant whose 
clinical course was described by Dodd and 
Tompkins.? In the next twelve years case 
reports appeared with increasing frequencv so 
that by 1945 Parsons and Zarafonetis!4” were 
able to collect seventy-one cases, and shartly 
thereafter Iams et al.?!* assembled a total of 
eighty-one cases. The disease was considered an 
almost consistently fatal, generalized infection 
with signs and symptoms depending upon the 
degree of regional or local involvement. In 
young children the clinical manifestations were 
regarded as fever, anemia, marked hepato- 


splenomegaly, diarrhea, failure to gain weight or | 


weight loss, chronic cough and lymphadenop- 
athy. In adults the features were looked upon 
as those of systemic infection, sometimes with 
predominant involvement of a single organ. 
Chronic granulomatous lesions or histiocytic 
proliferation in any body organ or system were 
thought to be the hall-mark of histoplasmosis. 

A different concept of the disease arose from 
studies of non-tuberculous pulmonary calcifica- 
tion in roentgenograms. By the early 1940's it 
was becoming clear that the incidence of 
pulmonary calcification in roentgenograms of 
individuals who failed to react to tuberculin was 
higher in the east-central’ United States than 
elsewhere in the country.914115188 Noting that 
individuals from this region not infrequently 
reacted to relatively concentrated coccidioidin 
yet did not have coccidioidomycosis, Nelson and 
Furcolow (1940) speculated concerning other 
fungus infection as a cause for non-tuberculous 
pulmonary calcification;!*®* the skin sensitivity 
to coccidioidin would then be the result of 
cross reaction to an antigen common to twd or 
more fungi. Smith!8* confirmed the observations 
of Nelson and Furcolow and, reasoning from 
the geographic distribution of the fatal cases of 
histoplasmosis (the only kind then known), first 


suggested that H. capsulatum might be the: 


organism responsible. The correctness of Smith's 
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suggestion has received strong support from sur- 
veys of sensitivity to histoplasmin, an antigen pre- 
pared from cultures of H. capsulatum. 1} 31,1464,153b 

The incidence of positive reactions to this 
antigen is appreciably greater in the east-central _ 
part of the United States than in areas else- 
where in the country, and no other fungus 
antigen thus far tested approaches it in fre- 
quency of reaction. The obvious inference is 
that, as in coccidioidomycosis, there is a very 
widespread benign form of histoplasmosis much 
more common than the fatal form and that this 
benign form is responsible both for most non- 
tuberculous pulmonary calcifications and for 
sensitivity to histoplasmin. - 

Proof of the presence of mild or clinically 
silent forms of the disease has been slow in forth- 
coming. The evidence to 1950 was indirect 
and based largely on serial studies of pulmonary 
calcification in histoplasmin-sensitive individu- 
als. Bunnell and Furcolow,?? in 1948, in a report 
of ten proved cases of histoplasmosis included one 
boy of thirteen years as an example of mild 
illness with recovery. Proof was provided by 
the isolation of H. capsulatum from one of three 
gastric washings. The remaining cases were 
those of severe clinical illness with complete 
recovery, recovery probable or questionable and 
progressively fatal disease. Wheeler and his 
associates??t. and  others!?!9? have reported 
proved cases“in moderately to severely ill chil- 
dren with symptoms and signs referable pri- 
marily to the respiratory system. Perhaps the 
best evidence is the report by Christie?" of the 
culture of H. capsulatum from lesions repre- 
senting incidental observations in children dying 
from other causes or, at biopsy, of chronic 
cervical adenitis. These observations prove that 
inapparent infection does occur. Why similar 
observations are so seldom made in areas where 
the disease is believed to be endemic is by no 
means clear, unless it is simply a result of the 
failure to lock for or demonstrate histoplasmosis. 

Further support for the concept of benign 
forms of tke disease comes from reports of 
laboratory personnel engaged in the handling 
of H. capsulatum whose skin sensitivity to 
histoplasmin changed from negative to posi- 
tive.®87 Seven of seventeen such persons in one 
laboratory had either clinical illness or lesions 
appearing in roentgenograms of their lungs. 
Organisms were not recovered from any. of those 
affected. In Sweden!*° seven persons engaged in 
handling fungus cultures, including a strain of 
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H. capsulatum, became ill with respiratory 
symptoms and fever approximately two weeks 
after the first contact with H. capsulatum. 
Reactions in all seven subsequently were found 
to be histoplasmin-positive. Organisms were not 
recovered from any of the seven but skin tests on 
other members of the laboratory staff who had 
not become ill gave negative results, as did those 
in ten members from a medical department who 
presumably had had no contact with the organ- 
ism. In two of the positive reactions, the results 
were confirmed by one of the authors (J. S.). 
The incidence of positive reactions is said to be 
only 0.6 per cent in eastern Sweden (Frisk, 
cited by Nilzen).}4° In this regard it is interesting 
that Christie?! states: “Among 44 patients in a 
tuberculosis sanitarium in Northern Sweden and 
in Swedish medical students, only one individual 
was positive to histoplasmin. He was born in 
Southern Rhodesia where histoplasmosis has 
been found.” 

An intriguing development has been the Cis- 
covery®f of a possible relationship between in- 
fection with H. capsulatum and a series of 
“epidemics” of unknown etiology having many 
features in common.® Thirteen outbreaks are 
recognized, and several more are under study, ** 
although in seven of these “epidemics”? six 
or fewer persons were involved: Two of the 
cases here reported (Cases 1 and m) constitute 
infections incurred in a fourteenth epidemic"! 
Each epidemic was characterized by respiratory 
ilness associated with disseminated pulmonzry 
densities appearing in roentgenograms. Most of 
the epidemics were related to excavations or dust 
exposure in areas contaminated prominently 
by avian excreta or else remotely, if at all, used 
as human habitation. Attack rates were high aad 
clinical and radiologic features were similar in 
the several episodes. In only two “epidemics” 
was the organism obtained from a patient dur- 
ing the acute phase;}:116.116 jin all others the 
diagnosis of histoplasmosis rests on the indirect 


evidence of positive skin sensitivity to histo-. 


plasmin, sometimes positive serologic responses, 
often the development of disseminated pul- 
monary calcification in roentgenograms and the 
isolation of H. capsulatum from soil in the 
exact area where the exposure is believed to 
have taken place. Isolation of the organism from 
soil was accomplished in eleven of the fourteen 
“epidemics.” 

This diagnosis in retrospect still suffers from 
the weakness of circumstantiality. Conversion 
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from negative to positive reactions of skin tests 
is not assured in all those tested because pre- 
illness testing or testing early in the course of the 
disease was not done. The positive skin sensitiv- 
ity found for years after the particular illness 
may have been present prior to it. In one epi- 
demic in which skin test reactions were reported 
as negative during the acute phase of clinical ill- 
ness, the incidence of positive reactions in the 
community in question is such as practically 
to preclude 100 per cent non-reactivity in any 
group of adults of the number involved.!"? Ac- 
cepting the circumstantial evidence for H. 
capsulatum as the cause of this epidemic, one 
would necessarily assume that part of the group 
had exogenous reinfection. The mild cases may 
have represented some unknown reaction of such 
a group. Specificity and accuracy of serologic 
tests are still open to considerable question; the 
non-specificity of the roentgen shadows are well 
known. Even the isolation oi H. capsulatum 
from the soil in the areas may indicate only that 
animals known to have natural infection with the 
organism had visited the site some time between 


. the epidemic and the time the soil was studied. 


Nevertheless, information is accumulating 
which indicates that the circumstantial evidence 
may well be correct. The organism has been 
found in soil in areas where the disease is 
prevalent? and several different animal species 
have been found with natural infection in these 
areas, 1295129 The organism has been shown to be 
able to maintain a saprophytic life cycle in 
experimentally inoculated soil$?/ and may well 
do the same in nature. The relationship between 
rates of pulmonary calcification in roentgeno- 
grams and rates of histoplasmin sensitivity 
is so clear cut no one can deny that whatever 
causes the one must in large measure cause the 
other, and no organism other than H. capsulatum 
has been recovered consistently wherever the 
disease has been suspected. 


GEOGRAPHIC DISTRIBUTION 


Information concerning the geographic dis- 
tribution of the disease comes from case reports 
and from surveys of sensitivity to histoplasmin.!?? 
Many reports are open to question so that in cer- 
tain regions it is not yet proved that histo- 
plasmosis is endemic. Nevertheless, it is safe to 
say that the disease is present in Africa, North, 
South and Central America, and possibly in 
some Asiatic islands and in Europe. Information 
from the Asiatic mainland and Australia is, at 
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present, inconclusive or else indicates absence 
of the disease. One case has been reported from 
New South Wales, Australia, diagnosis resting 
on histologic examination®® of an excised skin 
nodule. 

The area of greatest incidence is undoubtedly 
in the East Central United States. This includes 
the states of Missouri, Tennessee, Kansas, 
Kentucky, Illinois, Iowa, Ohio and Indiana. 
Sensitivity to histoplasmin falls off in all direc- 
tions away from this contiguous cluster of states, 
and rates of sensitivity tend to vary inversely 
with the distance from this area. Unexplained 
local variations in the frequency of skin sensi- 
tivity occur even within narrow geographic 
limits of states, counties and cities. 95^68! Reports 
of cases and histoplasmin reactions are known in 
Canada?9.746,74,1914 but the frequency is much 
less than in many areas of the United States. 
The southeastern provinces, those nearest the 
endemic area in the United States, are the ones 
from which the reports arise. No significant 
histoplasmin sensitivity has been found in 
Alaska.!?? 

Mexico and the Central American countries 
show a relatively high histoplasmin sensitivity 
rate, 52¢,84,181,198a,199 T)arling!s three cases were 
found in Panama between 1905 and 1907, but 
none was in a native. No further reports of the 
disease there appeared for forty-five years!?*^ 
except for one case of canine infection in 1945.197 
In 1951 a survey of 1,000 persons revealed 387 
positive reactions to histoplasmin, of which 510 
were also positive to tuberculin. Pulmonary 
calcification was found in roentgenograms of 
113 persons.198 —— 

In South America, too, relatively high fre- 
quency is noted but marked variations are 
observed from country to country and in dif- 
ferent regions in the same country. Brazil*® and 
Argentina both have areas of high incidence. *71^ 
A proved case has been reported from Chile!4”? 
where sensitivity rates thus far reported have 
been low. 

The few reported surveys from India and 
China!#* indicate no significant incidence of 
histoplasmin sensitivity. A few reports from 
widely scattered areas in Africa show a low but 
definite incidence of histoplasmin sensitivity. ™!8 

In general, surveys from European countries, 
with the exception of Italy,!** show very little or 
no histoplasmin sensitivity." * Recent reports of 
clinical cases from France, England,**4® Nor- 
way,!® the Netherlands! and the Mediter- 
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. ranean countries?9?9 are based largely on 


circumstantial evidence of infection or else may 
easily represent imported cases from endemic 
areas. 

It has been suggested by several investigators 
that areas of high incidence have in common a 
geologic situation of large rivers running through 
low countries.!** However, there are numerous 
exceptions and, although humidity and damp- 
ness may be factors in perpetuation of the disease, 
other common features remain to be discovered 
before reasons for the geographic localization of 
H. capsulatum. can be defined.?!!* 

What is not known about the disease con- 
stitutes a challenge of considerable proportions 
for further investigators. It is not known whether 
there is any seasonal incidence. The reasons 
for the geographic distribution are unknown. 
Severali$??!* have speculated concerning the 
effects of humidity, dampness of the soil, chemi- 
cal composition of the soil, and so on. The portal 
of infection is not proved completely, al- 
though the evidence from a few well studied 
casegt!0%,178a,178° is very strong that, as in tuber- 
culosis, it is largely respiratory. Rare primary 
lesions in the gastrointestinal system or in the 
skin or mucous membranes cannot be excluded 
and in some case rèports appear to be probable. 
Transmission from human to human or from 
animals to humans has not been demonstrated; 
transmission from animal to animal (dog) has 
been suggested by studies of Prior and Cole. 158e 
On the other hand, thirty-five male mice kept in 
plastic cages with infected females for two to six 
weeks gave negative reactions without exception 
(authors unpublished data). The disease is so 
asymptomatic that man-to-man transmission 
may easily escape detection. From results of skin 
tests in cattle$57.125.1?9/ it has been inferred that 
animals and humans in the endemic area ob- 
tain the infections from similar if not common . 
sources. Studies of skin sensitivity among 
siblings9* suggest that factors outside home 
contacts are responsible for positive reactions 
in several members of a family. 


HISTOPLASMOSIS IN ANIMALS 


Histoplasmosis in dogs was first observed by 
DeMonbreun.* Numerous instances in dogs 
and in different species have been found but the 
main point, whether or not there is any rela- 
tionship between animal and human histo- 
plasmosis, is still largely unanswered. 

H. capsulatum has been demonstrated in cats, 


414 
mice, rats, skunks, foxes, opossums,55*.«.4.« bea-,3? 
raccoon,?*! frequently in dogs,344:31.128,129a, 129b, 
129612951534 catt]el?95129/ and possibly. in a 
ferret!!! and two horses.!5^!19? FT, capsulatam 
has been demonstrated in 44 per cent of fifty 
dogs and of fifty cats collected at random in 
Virginia. 18% 

Positive skin test reactions in animals are often 
obtained with concentrated or only slightly 
diluted antigen. Experimental infection seems to 


indicate certain specificity even of concentrated. 


antigens; nevertheless one cannot fail to mention 
that, in general, with decreasing dilution the 
specificity of skin test antigens decreases. With 
this in mind, one can take notice of posi- 
tive skin test reactions obtained in cattle, 
sheep, horses, swine, fowls, dogs and other 
animals, 949.128,129c, 1294 

With undiluted antigen, the skin tests of 
approximately eighty monkeys, maintained in a 
local research institution for periods of four 
months to three years, failed to elicit a sirgle 
positive result. The animals had limited exposure 
to the endemic environment in an open “monkey 
island" in the local zoo during the summer 
months. The skin tests were performed on the 
upper lids of the animals (authors unpublished 
data). 

For obvious reasons wild animals cannot 
acquire the disease from man and are unlikely 
to be carriers directly responsible for human 
disease. It then becomes logical to assume that 
wild and domesticated animals acquire the 
disease from soil in a manner analogous to man; 
the cat, which comes in close contact with mice 
and rats, could possibly become infected from 
rodents. 84 

Only the future will show whether the kigh 
incidence of positive skin test reactions in certain 
animal species really represents an expressioa of 
infection with H. capsulatum. In the first place, 
heterogeneous antigens and variable dilutions 
have been used in the different series, and com- 
parison is hardly possible. Besides, it is well 
known that certain animals (mice, rats) hardly 
ever show positive skin test reactions waile 
others react very strongly. It then becomes— 
until anatomic studies corroborate the skin 
testing—a matter of guessing whether, for 
instance, the high incidence of positive skin test 
reactions in horses (65 per cent)!?* represents 
a true antigen-antibody reaction or whether 
other factors intervene. 

Little has been published about tne pathology 
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of spontaneous histoplasmosis in animals!* but 
excellent papers are available about cytol- 
ogy'% and other findings in experimental 
animals, 44-86¢,106),174 Nfonkeys175?!? golden ham- 
sters, 55159 mice, 17#86¢108,1134,1476 rats 130 dogs 61. 
129e gerbils! and guinea pigs?®1® have been 
used in experimental work with uniformly 
positive reactions. In rabbits, however, results 
are equivocal.? 77159 We found the mouse to be 
the animal of choice. Intravenous inoculation 
results in 100 per cent mortality, with an average 
life span of, twenty-eight days in young male 
mice. Other authors favor intraperitoneal injec- 
tions with or without mucin but results are 
never so constant or uniform as with intravenous 
inoculation. Schaefer!?? studied the influence of 
age on experimental histoplasmosis. 

Intracerebral inoculation seldom, produces 
lesions outside the brain.!?? Brandt!^ demon- 
strated the positive influence of x-ray radiation 
prior to inoculation on dissemination. Cortisone 
did not influence the course of experimentally 
inoculated disease in mice? but made dogs 
susceptible to infection. © 

Interestingly enough, gross inspection of 
experimental animals from which H. capsulatum 
can be isolated often does not show any ab- 
normality, one of the many intriguing diagnostic 
problems of the disease in animals. In three 
spontaneous cases in dogs a typical primary 
complex was found in the lungs and mediastinal 
lymph nodes. (Fig. 1.) While spleen and liver 
(Fig. 2) represent the best source for culturing 
from experimentally infected animals, 56c.1085 
blood smears and cultures may sometimes be 
helpful. The former especially can give quick 
information about the number of circulating 
organisms. H. capsulatum has been isolated 
from urine of guinea pigs*®? and feces of dogs. 153° 
As little as a single organism is sufficient to 
infect experimental animals (mouse).?* 

Attempts to immunize mice have been re- 
ported recently;+7*!73 the immunity is rela- 
tively short lived. 


SEROLOGY 


The experience with serologic methods in the 
diagnosis of histoplasmosis has not advanced toa 
point where constant and unequivocal results 
can be anticipated. The reasons are as follows: 
(1) Too few verified active and progressive cases 
have been tested adequately to permit definitive. 
conclusions; (2) several partially conflicting 
technics are in use which possibly reflect the 
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Fic. 1. Primary subpleural focus in spontaneous histoplasmosis of dog; central calcification; thin fibrous capsule; 
positive culture from satellite lymph node; original magnification X 28. 


Fic. 2. Experimental (intravenous) infection; mouse liver; enormous swelling of phagocytes containing multiplying 


organisms; original magnification X 650. 


response to different antibodies rather than to 
poor technic per se, and (3) very few laboratories 
do reliable, easily available tests. 

The following technics have been described: 
complement fixation with an antigen from 
formalin-killed yeast cells?! mycelial-phase 
broth filtrate (histoplasmin), 641717176194 heat- 
killed whole cells!?^ and extract from ground 
yeast cells.?** Saslaw!??* developed, in addition, 
a collodion agglutination test. While most 
observers agree that a positive serologic reaction 
with high titer may be found in active and 
progressive cases, contrary experiences have 
been recorded in which no antibodies could be 
detected in spite of progressive histoplasmo- 
sis?^!7?^ or in spontaneously infected animals.5* 
Grayston questions whether prognostic signifi- 
cance can be attributed to the histoplasmin 
complement fixation test."^ Cross reactions, 
especially between histoplasmosis and blasto- 
mycosis!?!^" and to lesser degree with coc- 
cidioidomycosis, have been observed both 
in naturally occurring disease and in sensitized 
experimental animals.??5.c,589,565 

For practical purposes we believe that the 
presence of a positive complement fixation test 
at levels considered critical by the specific 
laboratory where the test is performed warrants 
further clinical and cultural investigation. The 
suspicion of active disease will certainly arise if 
the titer of the serologic reaction should be rising 
on serial tests. However, the importance of 
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performing the tests on sera obtained at different 
periods of illness, if at all possible on one day, 
using identical conditions and antigen, cannot 
be overemphasized. We are at a loss to recom- 
mend one method in preference to any other; a 
negative serologic reaction, like any other nega- 
tive reaction, does not rule out histoplasmosis. 

Cross reactions are common!?!^? but can be 
easily detected if at least a blastomycin com- 
plement fixation test is run simultaneously. 
Whether or not a rising titer indicates dissemina- 
tion and a falling titer improvement has not been 
established in a sufficient number of cases; ex- 
ceptions are not uncommon. Attempts have been 
made to separate fractions of the antigen which 
would react with early or late cases only or 
which would not cross react, but this has been 
done only on a small number of sera.?? 

Tests based upon the precipitin reaction!*5 171i 
and agglutination of sheep erythrocytes!^? have 
not passed into general use. 


MYCOLOGY 


Histoplasma capsulatum belongs to the 
Moniliacae of the Fungi Imperfecti?? and is a 
biphasic fungus which, in tissue and on culture 
media kept at 37°c., appears as a small yeast 
(parasitic phase). At room temperature a mold 
develops (mycelial or saprophytic phase) .55.47a,86a 

The colony, after six to ten days on Sabour- 
aud’s dextrose agar, is small, white and cottony 
in appearance. The colony enlarges fairly fast 
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Fic. 3. Tuberculated spores at room temperature are pathognomonic for Histoplasma capsulatum. Small spores are 
seen elsewhere in the picture; origina. magnification X 1000. 


Fic. 4. Case 11; lymph node; giant forms in tissue explants. Compare size of organisms with lymphocytes. Original 


magnification X 650. 


and becomes slowly tan to dark brown in back. 
A culture mount after two to three weeks 
(needed for the development of :he tuberculate 
spores) reveals: (1) small spores which are sessile 
or on a short stalk and measure 1 to 5 &.; these 
spores are smooth and spherical to pyriform; 
(2) larger round or ovoid smooth spores of 
5 to 20 u. often on short stalks; (3) tuberculate 
spherical to pear-shaped spores, which measure 
10 to 25 w. and are considered by modern 
authors to be aleuriospores.?5^59* (Fig. 3.) The 
latter are characteristic and resemble the 
medieval mace. The “‘projections’? have been 
adequately described as thin points in the wall of 
the spores with cytoplasm pouring through the 
weakened spots in the wall.°! 56 

The hyphae are generally thin. Septate and 
occasionally racquet mycelia are observed. The 
latter are found more often in cultures changing 
from the yeast phase to mycelial growth than in 
cultures kept constantly at room temperature. 
The number but not the diagnostic importance 
of the tuberculate spores has been overestimated 
in the past.?^"? Certain strains from Georgia 
had very few tuberculate spores.?* Since par- 
ticle size has been shown to be o? importance in 
penetration into the alveoli of the lung,!*'!? it is 
indeed of interest to establish which spore size 
Is prevalent. 

Blood agar (found most efficient for growth 
from animal organs?9*^) can be used in addition 
to Sabouraud's medium, broth and corn meal 


agar for isolation of the fungus. Growth of the 
yeast phase is possible in liquid media; a small 
amount of agar (0.175 per cent) and a pH of 
6.3 to 8.1 are essential.!^ Even one drop of 
blood on the surface of Sabouraud's medium 
changes completely the growth character of the 
fungus which then appears flat, waxy gray- 
brown and without visible aerial mycelium. 

H. capsulatum grows with ammonium as the 
sole nitrogen source and a sulfide or sulfhydryl 
eroup in a small organic molecule is essential for 
erowth in the yeast phase. The presence of 
biotin is necessary for the yeast phase but has 
no effect on mycelial growth. Even at 37?c. 
change of phase can be accomplished by varia- 
tion of culture media.!?!? The ideal pH is said to 
be between 7.2 to 7.699.864 or 6.5 to 7.5.88 

On blood agar at 20°c. the appearance of the 
fungus is quite different from the appearance on 
Sabouraud's medium. The colony seldom be- 
comes cottony, is gray, small. rather firm and 
leathery and sometimes has a slightly fluffy cen- 
ter. Tuberculate spores do not develop with the 
constancy which one expects on Sabouraud's 
medium. At incubator temperature the colony 
is slightly warty, dry-creamy or bacteria-like if 
erowing profusely. Multiple budding of yeast 
cells has been described.*! 

Littman's oxgall agar does not support the 
erowth of all strains and should not be used for 
primary isolation except in combination with 
the media already mentioned. 
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Conversion from the yeast phase to mycelial 
growth never fails but it is often difficult to con- 
vert mycelial growth with regularity to yeast 
without recourse to animal inoculation. Heavy 
inoculum, sealed blood agar slants (with or 
without cystine) and temperatures ranging from 
34?c. to 37°c. are prerequisites for the change of 
phase, which may take as long as seven to ten 
days to develop.'*® Frequent subcultures (four to 
six days) are in general necessary to maintain 
growth in the yeast phase on solid media. Egg- 
yolk potato medium maintains yeast growth for 
long periods.!9?:1?$ Once yeast growth has been 
induced in broth, maintenance is much easier, 
even if simultaneous mycelial growth may ap- 
pear on top of the liquid. Rapid mass production 
on relatively simple media can be considerably 
enhanced by shaking action.!*'* H. capsulatum 
has been grown successfully on the chorio- 
allantoic membrane of the chick embryo.!9?.1352 

An endotoxin has been described lately by 
Salvin.!7!« 

The fungus is very resistant to physical ex- 
posure. It has been kept for four months in dried 
sterile soil, in water, ice (for over a vear) and is 
reported as viable after heating at 62°c. to 
63°c. for ten minutes!” or 45°c. for thirty min- 
utes.* The foregoing information would seem 
to suggest the necessity of public health meas- 
ures to prevent burial of human or animal vic- 
tims of the disease in view of the well founded 
belief that the soil constitutes a frequent source 
of infection. Certainly cremation would solve 
this problem. 

The organism has been repeatedly seen im>* 
and recovered from soil by cultural or inocula- 
tion methods.*558/,68i,725,119,1802,211« T ately it has 
been isolated from air in two areas which had 
given origin to outbreaks (epidemics) of histo- 
plasmosis? and from an air sample in Iowa 
City. 18 

The morphology of the organism in culture 
mounts, in blood smear and in tissue is greatly 
influenced by the staining methods. With lacto- 
phenol cotton blue in the culture mounts, the 
fungus has partially stained cells; details about 
the sudanophil content are described by 
Howell.5? In the blood or bone marrow smear 
stained with the Wright stain or with similar 
stains, a pale bluish ring with focal chromatin 
generally is seen on one narrow side of the ovoid 
body and often the pigment is crescentic in 
shape. In tissue, with hematoxylin-eosin, small 
central dots surrounded by a pale halo are seen. 
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Very seldom the ring form observed in blood 
smears can be reproduced in tissues with 
hematoxylin-eosin. If desired, a section stained 
with hematoxylin-eosin can be stained with 
periodic acid-Schiff stain. without intermediate 
steps; the periodic acid decolorizes adequately.! ^? 
With Schiff’s reagent, using either the Hotch- 
kiss- McManus or the Bauer stain, small red dots 
surrounded by a red thin ring or empty ring 
forms are visible. Occasionally, a disc-like figure 
a few micra in diameter can be seen representing 
the organism. Most authors agree that H. cap- 
sulatum has a capsule; *?8? 86 a few deny jt, 5610? 

Budding is rarely seen in tissues or blood 
smears, in contrast to Blastomyces dermatitidis 
or Monilia which produce abundant budding 
forms in animal tissue. Larger forms have been 
observed occasionally in old blood kept in stor- 
age,!!^87 and the organisms appear in general 
larger with the Hotchkiss-McManus stain?*/ 
because the whole cell is stained including the 
part which in hematoxylin-eosin stains seems 
to represent the capsule. Large forms of smooth 
outline have been produced lately in tissue 
explants from human and animal sources. 
Probably some factors producing tissue decay 
are connected with the development of the large 
spores.!5? (Fig. 4.) Large forms have been seen 
repeatedly in Africa and a distinct species has 
been proposed by Vanbreuseghem as H. 
duboisili.7 3:24:55 1004.5 

In retrospect, it is difficult to understand why 
culture of the organism was not accomplished 
until about thirty years after the discovery of the 
organism by Darling, since no special difficulties 
are encountered. 


HISTOPLASMIN 


The filtrate of cultures of H. capsulatum 
grown for several months in a synthetic broth®*” 
86 is used as antigen for skin testing. At present 
there is no purification of the antigen but 
standardization is attempted by titration in 
human beings or infected guinea pigs, taking 
Howell’s original histoplasmin H-15 as stand- 
ard. Considering Howell’s original 1—1,000 
dilution of H-15 the *standard," it is possible 
to select single or pooled antigens which at a 
given dilution react similarly to the 1—1,000 dilu- 
tion of H-15. Unfortunately, it is not made 
clear in many papers dealing with skin sensitiv- 
ity studies whether given dilutions are com- 
parable to the H-15 standards or are purely 
arbitrary. It would be imperative to have this 
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point clarified in the future in order to permit 
comparison of results obtained from antigens 
of different provenience. 

The “ideal”? antigen at critical dilution will 
give a minimum of heterologous skin reactions 
and an optimal number of homologous re- 
sponses. The specificity may no: apply to the 
same antigen when used for serologic reactions 
in the test tube. The question of specificity is 
indeed of prime importance. While there is no 
cross reaction with tuberculin, it has been shown 
both in men and experimental animals?5*9/55'. 
86,1854 that cross reactions do occur between 
histoplasmin and blastomycin, and to lesser 
degree also with coccidioidin and haplosporan- 
gin. Appropriate dilution of zn antigen in 
general produces practical and useful results. 
Thus, for obvious reasons, the actual skin 
testing with histoplasmin should always include 
at least one other antigen, preferably blasto- 
mycin. In a recent survey it was shown** that 
about a third of positive histoplasmin reactors 
also reacted to blastomycin and occasionally the 
reaction to the latter was larger in diameter than 
to histoplasmin. Experimental Candida albicans 
infection produced cross reaction to the histo- 
plasmin skin test. +?‘ 

Concentrated antigens are much less specific 
than diluted ones. Unfortunately, in certain 
animals (dog, cattle, horse) only relatively un- 
diluted antigens (1:5, 1:10, 1:100) elicit skin 
reactions. In certain animal species (mice), skin 
reactions in experimentally infected animals 
can hardly ever be elicited whereas the guinea 
pig readily responds to intracutaneous testing. 

In man the test is performed by intradermal 
injection of 0.1 cc. of antigen di.uted to corre- 
spond to 1:1,000 of the original antigen of 
Howell (H-15). Any induration of 5 mm. and 
more is read as positive. Measurement of the 
induration and erythema is desirable. Erythema 
without induration is only rarely observed and 
should not be read as a positive reaction. Forty- 
eight hours after injection is usually accepted 
as reading time. A few reactions present at 
twenty-four hours disappear at forty-eight hours. 
On the other hand, true induration may become 
apparent after seventy-two hours or even later. 
In a survey, reading at forty-eight hours can be 
instituted arbitrarily and all other reactions can 
be neglected. In individual testing, it can be- 
come quite difficult to decide whether a transi- 
tory induration present at twenty-four hours and 
absent at forty-eight hours should be read as 
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positive or not, and the same applies to reactions 
which appear after forty-eight hours. 

It is generally assumed that a positive skin 
test in human beings represents a local demon- 
stration of antibodies, indicating past or present 
infection. What is the evidence to support the 
assumption that a positive histoplasmin reaction 
means past or present infection? 

1. It has been shown beyond any reasonable 
doubt that a positive reaction to the coccidioidin 
skin test with a dilution of 1:1,000, if given 
properly with appropriate antigen, signifies past 
or present infection with Coccidioides immitis. 
Since normal laboratory animals never show 
positive skin reaction to histoplasmin and since 
the development of a positive skin test can be 
observed after inoculation of Histoplasma, it 
seems permissible to consider the histoplasmin 
test as analogous to the coccidioidin test. 

2. Many patients with proved histoplasmosis 
have a positive skin reaction to histoplasmin. By 
implication then, it is believed that a positive 
reaction occurs in persons who have or have 
had the disease. 

3. Again as in the case of coccidioidomycosis, 
in which subclinical forms have been demon- 
strated to exist in apparently healthy individuals, 
it is suspected that asymptomatic histoplasmosis 
occurs. This belief is based on the prevalence of 
positive skin reactions in regions where clinical 
cases are most frequently observed, on the fact 
that animals in these areas have both positive 
skin reactions and clinical disease, and last but 
not least on the frequent observation of pulmo- 
nary calcification in tuberculin-negative persons 
with positive histoplasmin reaction. 

Proof that subclinical forms of histoplasmosis 
exist is, at present, largely indirect. For com- 
pleteness, it is necessary to enumerate the 
possible arguments against the conclusion that 
subclinical forms of histoplasmosis exist. 

1. Incidental observations of asymptomatic 
histoplasmosis should be much more frequent 
at autopsy than actual experience seems to 
indicate. Whereas tuberculin-positive persons 
in the United States are decreasing regularly in 
number, occasional active and, more frequently, 
inactive foci are found at autopsy. The latter 
are thought to represent old, burned-out tuber- 
culous lesions. Active foci of histoplasmosis have 
very seldom been observed as incidental find- 
ings, even in areas where the histoplasmin 
sensitivity rate is 70 per cent or greater. It is 
possible that an unknown number of calcific 
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pulmonary lesions which are classified as tuber- 
culous are in fact due to histoplasmosis. Culture 
or histologic demonstration of H. capsulatum in 
calcified lymph nodes or burned-out lung 
lesions seldom has been accomplished (Ref. 31a, 
58g, authors’ Case vir) It is only fair to say that 
acid-fast bacilli are not demonstrated in every 
calcified focus. The possibility of such foci being 
of mycotic origin does exist, once more having 
in mind analogous findings in coccidioidomvco- 
sis*®.188¢ and blastomycosis.!5 ^ 

2. In only a relatively few of the proved cases 
of histoplasmosis have the patients had skin 
tests and not all have given positive reactions. 
Anergic reactions in severely ill patients are 
known in other diseases and may also occur 
here. 

3. Large surveys have shown that a certain 
number of persons with calcified chest lesions 
do not react to any known antigen. From this 
finding we may conclude that calcified intra- 
thoracic lesions occur independently in tubercu- 
losis, histoplasmosis or coccidioidomycosis. It is 
only one step further to claim that all calcifica- 
tions which are not due to tuberculosis are of 
unknown origin. Since a considerable number 
of persons with calcified lesions gave positive 
reactions, both to tuberculin and to histoplas- 
min, a specific answer in a given case may be 
beyond our present knowledge. 

4. Clinical cases are rare or lacking"? in 
surveys in areas where a high incidence of 
histoplasmin reactions exists, even where clinical 
cases have been found in men and animals.!?? 

5. The cross reactions may lessen the sig- 
nificance of skin or serologic testing. It has been 
shown that animals which are infected with 
Blastomyces may react strongly to blastomycin 
but, at the same time, to histoplasmin, coccidioi- 
din or haplosporangin. This point must be 
considered in some detail. 

Obviously, a positive reaction to different 
antigens brings several possibilities to mind. 
Either there is a common (partial) antigen in 
the four studied antigens (blastomycin, coc- 
cidioidin, haplosporangin, histoplasmin), or 
metabolic products of fungi are fairly similar in 
all four molds, or there may be an unknown 
factor which is responsible for the positive 
reactions. The probability of a common antigen 
is likely since no reaction can be elicited in 
healthy animals or healthy persons whereas in 
infected individuals cross reactions do occur. 

The fungi are not more antigenic than are 
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their metabolic products. It has been demon- 
strated that addition of ground mycelia to the 
filtrate does not change the reaction or selectivity 
of the antigen. Obviously, heterogeneous organ- 
isms may have similar metabolic by-products 
and these metabolites serve as antigens. If there 
should be an unknown or neglected fungus 
which is responsible for the positive skin reac- 
tions in regions where calcified pulmonary 
lesions are common and tuberculosis may be 
excluded, this new fungus could possibly be 
responsible for skin reactions which now are 
read as positive for histoplasmosis. 

Another observation which is very hard to 
explain is the decrease of positive reactors to 
histoplasmin in old age?!!^ (Fig. 5) and the loss of 
reactivity which has been observed in specific 
individuals. It has become obvious that other 
skin reactions (tuberculin, coccidioidin) also 
become weaker or disappear with an increasing 
time interval between infection and testing. 
Why, however, in histoplasmosis the positivity of 
skin reactions decreases after forty years of age 
is not understood. Zeidberg,?!!^ Furcolow*** and 
others have had considerable experience with 
retesting of individuals; alternating reversals 
of skin reactions have been observed even in 
proved cases. (Fig. 6.) 

For practical diagnostic work, the importance 
of the histoplasmin skin test can be stated in the 
following way: A positive reaction to the best of 
our knowledge means past or present infection 
with H. capsulatum; a negative reaction does 
not rule out infection especially in severely sick 
patients.??" There is still too little experience 
with the reaction in children of pre-school age to 
permit statements about the importance of 
negative reactions in this age group. Much of 
the discussion about the prevalence and dis- 
tribution of histoplasmosis is based on results 
of skin testing. Lack of standardization of the 
antigen detracts from the reliability of certain 
results but in general it appears quite conclusive 
that: (1) High rates of skin reactors can be found 
mainly in Ohio, Iowa, Kentucky, Indiana, 
Kansas, Missouri, Tennessee and southern 
Illinois, and coincide with the geographic 
distribution of symptomatic cases. (2) Pul- 
monary Calcification in the states indicated is 
more often associated with a positive histo- 
plasmin reaction than with a positive tuberculin 
reaction. (3) Persons who gave negative results 
and were exposed to infection either naturally or 
in laboratories convert from a negative to a 
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positive skin reaction. (4) Certain infected 
animals convert, while to the best of our knowl- 
edge laboratory animals which had no contact 
with H. capsulatum never give a positive 
reaction. 


lymph nodes (Fig. 7), liver and spleen. Some- 
times also whole alveoli in the lung can be seen 
filled with phagocytes containing numerous 
organisms. The sinusoids in lymph nodes in such 


cases may be completely obliterated, and begin- 


For the sake of completeness it should be ning or progressive necrosis may be present. 
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Fic. 5. Typical frequency curve of histoplasmin sensitivity in relation to age. (From ZEIDBERG, L. D., DILLON, A. 
and Gass, R. S. Some factors in the epidemiology of histoplasmin sensitivity in Williamson County, Tennessee. Am. 
J. Pub. Health, 41: 80-88, 1951.) 


Fic. 6. Incidence of reversal of skin test from positive to negative. (From ZEIDBERG, L. D., Ditton, A. and Gass, R. S. 
Some factors in the epidemiology of histoplasmin sensitivity in Williamson County, Tennessee. Am. J. Pub. Health, 


41: 80-88, 1951.) 


mentioned that a report of questionable signif- 
icance has appeared with respect to positive 
reactions in penicillin-treated patients.?* 


PATHOLOGY 


The pathology of histoplasmosis is protean 
and, while a general pattern can often be 
recognized, no two cases follow precisely the 
same course. The parasite is usually found in 
phagocytic cells and for this reason, in general- 
ized disease and in the experimental animal, 
liver, spleen, lymph nodes and bone marrow 
are filled with organisms.”:!0% 1514 

Generally speaking, three reactions can be 
recognized in response to invasion of the organ- 
ism by H. capsulatum. First, isolated organisms 
may be found in phagocytes with minimal or no 
tissue reaction of any form. Such observations 
are generally accidental or may be seen in 
lymph nodes which are at a considerable distance 
from the focus of inflammation. Frequently 
some nodes of the chain show more impressive 
reactions. 

Second, often associated with a larger number 
of organisms marked histiocytic proliferation 
can be found which is most prominent in 


Third, the granulomatous form can be 
observed. This occurs either in the productive 
(tubercle forming) or the exudative (caseating) 
variety (Fig. 8) and the two varieties may be seen 
simultaneously in the same organ or in different 
organs of the same individual. 

Primary Pulmonary Complex. From observa- 
tions in the literature and from our own experi- 
ence in human and animal cases of histoplas- 
mosis we conclude that the respiratory organs 
are the most common site of primary infection. 
In addition to the anatomic data, which will be 
discussed more extensively, there are also the 
epidemiologic facts which speak very much in 
favor of a respiratory portal of entry. We 
have in mind the epidemic outbreaks of the 
disease99.685,72c,1167,113 and the laboratory infec- 
tions.557/119? In man, Schulz in two excellent 
papers!78*!78> has described the appearance of 
primary pulmonary complexes which in every 
respect can be compared with tuberculous foci, 
that is, in size, shape and localization. Careful 
dissection and histologic examination of lungs 
from 105 consecutive autopsies in the endemic 
area revealed H. capsulatum in seventy cases 
with healed primary complexes.!?'^ This figure 
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Fic. 7. Huge phagocytes filled with organisms in lymph node. (Courtesy Dr. M. L. Furcolow, Kansas City.) 
Original magnification X 900. Compare with Figure 


Fic. 8. Exudative and productive lesions in the same field; pulmonarv histoplasmosis; original magnification 


X 65. (Courtesy Dr. M. L. Furcolow, Kansas City.) 


Fic. 9. Calcified focus in a case of proved histaplasmosis; original magnification X 650. (Courtesy Dr. M. L. 


Furcolow, Kansas City.) 


Fic. 10. Exudative caseating bronchopneumonia in histoplasmosis; original magnification X 65. (Courtesy Dr. 


M. L. Furcolow, Kansas City.) 


corresponds with amazing accuracy to the 
incidence of positive reactions to histoplasmin in 
the same community.*5* We have had oppor- 
tunity to observe classic complexes in three 
human cases and in four dogs with spontaneous 
disease.'' The pulmonary focus presents itself 
as a rule in the form of a small, circumscribed, 
generally caseated subpleural lesion which is 
more frequently seen in the lower two-thirds of 
the pulmonary lobes than in the upper third. 
Frequently, the overlying pleura has a slight 
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fibrinous reaction, or in older cases a small 
adhesion may form at this point. The regional 
lymph nodes are always hyperplastic but our 
experience has been that caseation is not so 
complete or universal in the regional lymph 
nodes as in tuberculosis. The lymph nodes are 
considerably enlarged and of rubbery con- 
sistency. Frequently the color is ochre and differs 
from the yellow caseation seen in tuberculosis. 
From x-ray examination and autopsy material 
we know that the pulmonary focus and the 
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caseated lymph nodes can calcify. (Fig. 9.) How 
fast this occurs and whether it occurs regularly 
is not known. The multiple calcified foci so 
typically seen in histoplasmosis belong to a 
much later developmental stage. The cases with 
dissemination obviously produce massive inva- 
sion of the blood stream and hundreds of 
tubercules are formed in the interstitium of the 
lung; if these are necrotic, they later become 
calcified, 19: 214: 315,4, 50,57,632,685,c,70,81a,b,120, 123,1455, 
1532,168,187,2164,216^. ()ccasionally more than one 
primary focus can be formed. In tuberculosis a 
dozen or more primary foci may occur; it is 
likely that this occurs also in histoplasmosis.’ ?? 
Healing and calcification can be very slow 
and in some cases may not occur even after 
vears.9?*. 140 

Evolution of Secondary Pulmonary Pathology. 
Lesions of histoplasmosis are seen in apical, 
subapical and other localizations; these may be 
coin-shaped and probably represent broncho- 
genic foci similar to the lesions observed in 
tuberculosis.!?*!?? (Fig. 10.) The field of myco- 
logic pathology is too young and too little 
material is available to permit more definitive 
statements. Whether these foci occasionally 
break down and are the source of cavity forma- 
tion, or whether the cavities which are oc- 
casionally observed in histoplasmosis have a 
completely different origin is not known at 
present. 126149 Occasional tumor-like (nodu- 
lar) solitary lesions occur and offer an attrac- 
tive field for surgery.99299?!? [t is not known 
what the development of such solitary lesions 
would be if not treated. It is, however, well to 
remember that fungus diseases can have an 
extremely chronic course and the sequence of 
the developmental stages and allergic reactions 
is, at present, poorly understood. 

While pleurisy may occur in any of the 
pneumonic involvements, it is seldom a pre- 
dominant symptom clinically. In autopsy cases 
one can see the costal and visceral pleura studded 
with tubercles of a few millimeters in diameter, 
quite indistinguishable from the lesions observed 
in tuberculosis. Every known variety of exudate, 
including pus, has been found in the pleural 
cavitv in selected cases of histoplasmosis. Scalene 
node biopsy has been successfully used in the 
diagnosis of histoplasmosis.” 

Liver. The liver shows outstanding and very 
constant involvement in histoplasmosis, a fact 
which should be well considered for diagnostic 
reasons (liver biopsy)*!*'8% and for the prog- 


nostic outlook. The liver can become involved 
either by way of the hepatic artery or the portal 
vein, and, exceptionally (so far not reported), 
by umbilical veins or ascending from the 
duodenum via the bile duct (not reported). The 
most common source of infection of the liver, if 
there is bowel involvement, is probably through 
the portal vein. The hepatic phagocytes can 
become loaded to a degree which unquestion- 
ably must interfere not only with the specific 
functions of the reticulo-endothelial system in 
this organ but, by compression, also with the 
other functions of the liver. Sometimes we have 
seen sinusoids greatly distended and packed 
with swollen histiocytes; if the accumulation 
becomes very large, central necrosis may ensue. 
Less frequent than the histiocytic response is 
tubercle formation in the interstitium. One may 
find either very small foci of a few epitheloid 
cells with beginning central necrosis, or con- 
fluent or isolated well formed tubercles with 
occasional giant cells of the Langhans type. In 
overwhelming infection organisms may be found 
within liver cells or free in the capillaries and 
sinusoids. In addition to the more ‘“‘specific”’ 
reaction there is frequently also cellular infil- 
trate, mostly of round cells, which sometimes 
can be quite prominent. Occasional histiocytes 
in the cellular exudate reveal the true nature of 
the inflammation. 

Spleen. Splenomegaly, more often found in 
infants than in adults, is caused by hyperplasia 
of histiocytes which may be distended by numer- 
ous organisms. It is not unusual to see atrophy 
of the follicles and increase of the lymphocytes 
in the pulp. The capsule sometimes shows in- 
flammatory reaction with fibrinous membranes 
which later become organized and fibrous. 
Tubercles, sometimes confluent and with casea- 
tion, are found in disseminated cases in com- 
bination with the histiocytic proliferation or as 
solitary lesions. One can only speculate why 
the spleen in infants is constantly enlarged, 
whereas in adults the enlargement is far less 
constant and less prominent. Since we do not 
yet know the role of reinfection, perhaps the 
answer will be found in the different patho- 
genetic development of disease in children as 
opposed to that in adults. 

Adrenals. A rather specific and almost con- 
stant site of involvement is the adrenal glands.?"" 
A single organ or both organs may be attacked 
and any degree of involvement, from occasional 
small tubercles to massive and complete casea- 
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Fic. 11. Histoplasma *'tubercle" in submucosa af large bowel, obviously of hematic origin; original magnification 
X 160. (Courtesy Dr. M. L. Furcolow, Kansas City.) 
Fic. 12. Epithelioid cell nodule between mucosa and submucosa breaking through muscularis mucosa of large bowel; 
original magnification X 160. (Courtesy Dr. M. L. Furcolow, Kansas City.) 


tion, is observed. The high incidence of involve- 
ment of the adrenals suggests some chemotactic 
mechanism. Histoplasmosis must be the cause of 
Addisonian symptomatology, especially m en- 
demic areas where the prevalence of histoplasmo- 
sis infection is so much higher than tuberculosis 
in younger persons. 

Intestine. Grossly the intestinal lesions are 
often very prominent both in number and in 
size. They represent either ulcerations of various 
sizes or infiltrates which can become quite 
polypoid and indurated. On the tips of such 
infiltrates small foci of necrosis or ulceration 
may develop. The regional lymph nodes can 
be found severely swollen and with foci of 
necrosis and even liquefaction. (Fig. 21.) On 
the other hand, intestinal lesions without marked 
regional lymphadenitis have been observed. 
Microscopically, one sees, as might be expected, 
enormous numbers of histiocytes loaded with 
innumerable organisms. Very frequently -uber- 
culoid structures are formed but the location is 
often in the submucosa, indicating that at least 
two forms of intestinal involvement occur, that 
is, infection of the mucosa by deglutition and 
hematogenous spread to the submucosa with 
secondary breakdown of the tubercles toward 
the mucosa and formation of ulcers. (Figs. .1 and 
12.) The lung is the main portal of entry but 
the occurrence of occasional primary intestinal 
infections cannot be denied, although they must 
be very exceptional. Again the similarity to 
tuberculosis, both in the pathogenesis and the 
morphologic character of the lesions, is obvious. 
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Bone Marrow. ‘The bone marrow shows fre- 
quent involvement of a type which essentially 
follows the pattern described in the liver. Either 
there is a more or less diffuse proliferation of 
phagocytic elements which are distended by 
numerous -organisms, or tubercle formation 
occurs. !®?:1664.179 For further discussion, see the 
section on hematology. 

Other Organs. Ulcerative lesions in the naso- 
pharyngeal cavities are seen frequently in adults 
but are seldom observed in children. Perforating 
ulcers of the nasal septum have been described 
repeatedly and ulcerative lesions around the 
tonsils and even in the larynx are not unusual. 
It seems quite obvious that these lesions are not 
primary in nature since no regional lymph nodes 
are found, and it again becomes a matter of 
speculation as to why this localization should be 
so much more frequent in adults. 

Any organ may be involved in generalized 
cases, including the heart, skin, central nervous 
system??? (Fig. 13), endocrine organs and 
bone (seldom).*9?*!?! References are given to 
papers dealing in somewhat more than casuistic 
form with localizations in specific organs or 
systems: mucocutaneous histoplasmosis;*!^ !??. 
139,145,195) ora] and nasopharyngeal involve- 
rient: 09.1185, 1855, 190,205,214 ocular ;**107 adrenal dis- 
ease;!58. 195b, 1950.200 splenic calcification in relation 
to skin sensitivity;8!.!80e.216a,216 vastrointestinal 
histoplasmosis and regional ileitis;55 50,112.136,186,2040 
heart;!!^17.? ]arynx1445,69,8520$ and urogenital 
disease.*! Subendothelial proliferation has been 
recently described? !!^9* and the possibility of 
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Fic. 13. Necrosis of vessel walls in meningitis in a pa- 
tient with histoplasmosis. ‘The morphology is prac- 
tically identical with lesions seen in tuberculous 
meningitis and has all the implications of allergic 
reaction in reference to vascular necrosis. Original 
magnification X 160. (Courtesy Dr. M. L. Furcolow, 
Kansas City.) 


focal necrosis secondary to vascular occlusion 
through bulging masses of subendothelial histio- 
cytes is to be considered. Combinations with 
lymphomas?? 99.133 and sarcoid??: 936,935, 1515,162 are 
discussed elsewhere and coincidental infections 
with B. dermatitidis,!!! C. neoformans!?! 165,200 
and M. tuberculosis*?:!?*.6* are on record. 


HISTOPLASMOSIS AND LYMPHOMA 


The coincidence of histoplasmosis with certain 
diseases of unknown etiology (lymphoma, sar- 
coid) has given rise to speculation whether the 
observations were purely accidental or a causal 
relationship existed. The combination of Hodg- 
kin's disease??.5® 68¢, 680,98, 138,165 with histoplasmo- 
sis has been repeatedly reported. The authors 
had an opportunity to see slides from several 
of the cases and fully agree with the diagnosis 
based on morphologic grounds. Similar coinci- 
dental observations in leukemia have been 
reported, 10395 

Five main possibilities exist. (1) Coincidence: 
Statistically, two relatively rare diseases should 
not be found coexisting so frequently. (2) Malig- 
nant lymphoma predisposing to fungus infec- 
tion: In view of the frequency with which other 
fungi (cryptococcus) also are found in malignant 
lymphoma, the possibility of predisposition due 
for instance to damage to the reticuloendothelial 
system by lymphoma, cannot be lightly dis- 
missed. (3) Fungus infection predisposing to 
lymphoma: No evidence to support this view 
can be given at present. (4) The fungus actually 


causes histologic pictures similar or identical to 
what has been classified as lymphoma: No proof 
is available at this time. (5) Intensified search 
in lymphoma or sarcoid for organisms may give 
a higher number of positive reactions compared 
with more easily diagnosed tissue lesions; this 
is not very likely. 

Very similar is the situation with respect to 
sarcoid where coexistence has been noted by 
competent  observers.99518515160 Since at the 
present time the criteria for the diagnosis of 
lymphomas and sarcoid are mainly morphologic, 
the mutual relationship between these diseases 
and H. capsulatum is purely speculative. 


HEMATOLOGY 


In the numerous reports on the clinical fea- 
tures and laboratory findings in histoplasmosis, 
frequent mention is made of hematologic 
abnormalities that may occur to aid in the cor- 
rect diagnosis. Chief among these is anemia, 
occurring either alone or in conjunction with 
leukopenia. The majority of the patients in 
whom hematologic data are available have had 
disseminated histoplasmosis so that knowledge 
of the alterations of the peripheral blood in the 
asymptomatic and non-fatal forms of the disease 
is relatively incomplete. Even in that form of 
disease which terminates fatally there is no 
"typical pattern" of hematologic change; nor- 
mal results may be obtained! and other 
hematologic entities simulated.!555 

An attempt will be made to summarize the 
hematologic changes noted in different stages of 
infection with H. capsulatum as garnered from 
a review of reports in which sufficient data have 
been recorded. For details of observations made 
on patients reported up to January, 1945, the 
reader is referred to the review by Parsons and 
Zarafonetis!! in which blood counts are 
tabulated for approximately fifty patients. On 
the basis of this information and that obtained 
from material published since then?9.31«,59.62, 
64, 83b,90,9 1a, 9 1, 102, 106a. 122, 138, 141,144,152,165,1665,207. the 
following analysis has been made. Observations 
made on patients with proved histoplasmosis 
from the Children's Hospital are summarized in 
Table r. 

In this table representative blood counts are 
listed for those patients in whom multiple deter- 
minations were made. These were selected, 
insofar as was possible, before any form of 
therapy had been administered. Two patients 
exhibited rather marked fluctuations in total 
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white count. One of these is reported in detail 
herein (Case 1, M. S.). In another patient 
(G. D. G.), previously reported by Christie,*"’ 
a diagnosis of visceral ascariasis or the Zuelzer- 
Apt syndrome might well have been suspected 
since at one time fever and hepatomegaly were 
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have the disease mav well be the result of pre- 
existent nutritional deficiency of iron rather than 
a direct result of histoplasmosis itself. In certain 
instances the hematologic changes are identical 
with those seen in myelophthisic anemia and 
may then result from impaired function of the 





















































TABLE I 
SUMMARY OF HEMATOLOGIC DATA ON ELEVEN CHILDREN WITH PROVED HISTOPLASMOSIS 
| age Gr.) | RBC | ppg, | VERA | Reticu- | Plarelets | W.B.C. | "mm pe — 
Edi Vander |) SUUS Bestell rc m e 100 
i ? | P.M.N. | Lym. | Eos. | Mono. | W.B.C. | Smear | Culture 
G. 8. 1, F 2.84 5.3 21 3.0 s600| 4,100 | 78 20 | 2 0 40 + + 
M.S 4, F 3.94 8.2 28 2.2 | 230,000] 9,100 71 a E 4 0 = + 
B. S 3, F 10.8 14,400 os a T T a — T 
B. J. P. | 344, F 2.9 7.9 27 80,000 | 13,100 75 14 | .. 11 0 + + 
G. D. Gi| 3mo, M| 4.14 8.8 33 80,000 | 6,100 | 29 53 | .. 18 3 — + 
M.C.$ | 2mo., F| 2.92 8.1 26 E 14222 4700 | 41 47 |.. 12 2 - + 
R.P.$ |11me.,M| 3.67 7.7 30,000 | 3,900 52 40 | 4 4 8 + + 
L.O.§ | 5mo,F | 2.91 6.1 3.6 | 110,000} 1,200 58 42 | .. " 1 + « 
B.L.S.§ | 3mo.,F | 2.72 i a d qd axe doeet 5.350 | 82 16 2 « « 
H.L.$ |8mo,M| 3.8 8.1 110,000 | 2,150 52 38 | 8 2 16 - « 
A. R. S.§| 14, F 3.42 8.8 29 370,000 | 18,450 81 11 5 3 0 « « 

















* V.P.R.C. indicates volume of packed red cells. 
T N.B. indicates normoblasts. 


present and a 32,150 white count with 36 per 
cent eosinophils was noted on differential smear. 
A liver biopsy at that time failed to reveal H. 
capsulatum but was also unlike the necrotizing 
granulomatous lesions seen in the Zuelzer-Apt 
syndrome. Six weeks later examination of the 
patient revealed the hematologic findings listed 
in Table r, at which time H. capsulatum was 
cultured from the marrow. 

The pathogenesis of the hematologic changes 
noted is poorly understood. That there may be 
no single explanation for the frequently occur- 
ring anemia is obvious. Blood loss may be a 
factor in this disease, in which ulcerative 
intestinal lesions are found. Accelerated eryth- 
rocyte destruction, which occurs in various 
infections, may be an additional factor although 
there is no proof of its occurrence in histo- 
plasmosis. Overt hemolysis seems likely, too, in 
view of the rapidity of recurrence of anemia in 
some patients despite transfusions and in the 
absence of obvious external blood loss. A micro- 
cytic hypochromic anemia in an infant found to 
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t Previously reported by Caristie.?!« 
$ Previously reported by Little. !!4 
€ Not done. 


bone marrow organ secondary to overgrowth of 
parasitized reticuloendothelial cells. That the 
hematologic changes might also result from 
*secondarv hypersplenism" or from suppression 
of bone marrow by a toxin liberated by the 
fungus is quite possible; however, there appears 
to be no satisfactory correlation between the 
size of the spleen and the degree of hematologic 
change, and the results of splenectomy have not 
been impressive." !** Unfortunately, detailed 
hematologic studies in experimentally induced 
histoplasmosis in animals are lacking. 

The anemia, which is usually of moderate 
severity but may be quite marked, occurs in 
approximately 75 per cent of patients with 
disseminated disease and in about one-third of 
those with local or non-disseminated histo- 
plasmosis. Hemoglobin levels of 5 to 7 gm. per 
cent are rather commonly found in infants but 
are seldom so low in adults. 

The size and hemoglobin concentration of red 
cells have not been sufficiently well studied to 
justify characterization of the anemia as normo- 
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cytic, normochromic, and so on. In two of the 
patients herein reported (C. S. and M. S.) the 
red cell indices indicated the presence of a 
microcytic, hypochromic anemia (mean cor- 
puscular volume 71 and 74, mean corpuscular 
hemoglobin 18 and 21, mean corpuscular hemo- 
globin concentration 25 and 29). In one other 
(G. D. G.) previously reported?! but included 
in Table 1 the anemia was also microcytic and 
hypochromic. That this might occur often is not 
surprising in a disease which may be accom- 
panied by ulcerative intestinal lesions and which 
has been reported rather frequently in infants 
and young children in whom iron deficiency 
anemia is so common. 

Signs of active blood regeneration in the 
form of reticulocytosis, normoblastemia or 
alterations of red cell morphology are infre- 
quently mentioned. A slight reticulocytosis 
(2 to 5 per cent) has been a frequent finding in 
children seen by the authors and has been 
recorded by others as well; in one instance it was 
as high as 48 per cent,!*4 and this in an adult. 
Normoblasts in the peripheral blood would not 
scem to be a frequent finding in the cases 
reported, yet again from 1 to as many as 40 
normoblasts/100 white cells have been noted in 
over half of our pediatric patients. 

Polychromatophilia, aniso- and poikilocytosis 
and basophilic stippling have only occasionally 
been observed. 

Leukopenia occurs at some time during dis- 
seminated histoplasmosis in from 50 to 60 per 
cent of patients. In half of these the white count 
is below 3,000, with counts as low as 800 re- 
ported.?'^ About one-third of those with non- 
disseminated forms of the disease develop 
leukopenia, which may be as severe as in wide- 
spread infections. There appears to be no cor- 
relation between leukopenia and either duration 
of illness or degree of splenomegaly. The 
leukopenia may be due to neutropenia but this 
is by no means invariable. 

Leukocytosis is uncommon in the disseminated 
type of disease but occurs in at least one-third of 
those with clinical features which indicate 
localization of the infection to a single organ or 
organ system, for example, tongue, pulmonary 
system and so on. It appears to occur somewhat 
more often when lymphadenopathy is promi- 
nent. Leukemoid reactions mav occur and 
marked fluctuations in the white count may 
develop from day to day (Case rr, M. S.). 

The differential white cell count is subject to 
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wide variation and certainly exhibits no typical 
pattern. The percentage of granulocytes varies 
from very low to very high levels and there may 
be a distinct “‘shift to the left." Toxic granula- 
tion and other qualitative changes in the neutro- 
phils have occasionally been noted. In a few 
instances monocytosis has developed. Eosino- 
philia is not prominent but isolated instances?? 
of a marked increase in the percentage of eosino- 
phils are recorded, as previously mentioned. 

While histoplasmosis was first diagnosed dur- 
ing life by finding the fungus in circulating 
monocytes,? the organisms have since been 
found in peripheral blood smears in less than a 
dozen reported instances and then usually when 
the patient is in the terminal stages of the disease. 
Parasites may be found in neutrophils as well as 
monocytes. Kotcher!?*^ called attention to the 
fact that demonstration of the fungi in periph- 
eral blood is aided by making smears from the 
buffy coat. In two of the new cases reported 
herein, histoplasma were found in routine 
preparations of the peripheral blood in Case 1 
and in stained smears of the buffy coat in Case 
irt. It was more common to find a single organ- 
ism engulfed but 3 to 4 fungi were often en- 
countered and as many as 17 per neutrophils 
were found on one occasion. No special staining 
technics are required; routine Wright stain has 
been satisfactory in our work. 

There are no studies available that help to 
clarify the etiologv of the hemorrhagic tendency 
which has occasionally been encountered in 
disseminated histoplasmosis.!997.114 Thrombocy- 
topenia might, of course, contribute but has 
been recorded infrequently. Apparently, though, 
platelet counts have seldom been done. A mod- 
erate to marked thrombocytopenia occurred in 
almost half of our pediatric patients. (Table 1.) 
One of the patients (Case R. P.) previously 
reported by Little! exhibited a marked tend- 
ency to hemorrhage in the terminal stages and 
was noted to have incoagulable blood in addi- 
tion to thrombocytopenia and prolonged plasma 
prothrombin time. Another patient, herein re- 
ported (Case 1), bled profusely for several hours 
prior to death. A marked thrombocytopenia 
was found but other studies designed to elucidate 
the defective homeostasis were not carried out. 
It is quite likely that the hemostatic defect is 
complex, such as occurs in parenchymal disease 
of the liver. The total serum protein in the 
patient R. P. referred to was in fact only 
2.9 gm./100 cc. 
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Just as careful study of the peripheral blood 
may provide a clue to the correct diagnosis of 
histoplasmosis, morphologic study of the bone 
marrow may be diagnostic and its value 
definitely enhanced by simultaneous culture. 
Thus in one of the patients herein reported 
(M. S.) who was known to have widely dis- 
seminated disease, thorough examination of 
marrow smears at intervals during a protracted 
illness failed to reveal the fungi while marrow 
cultures for the organism almost invariablv 
gave positive results. Of the nine patients in 
whom marrow examinations were performed 
(Table 1), histoplasma were found in the smears 
of four. In an additional four patients the cul- 
ture gave positive results while the smear gave 
negative results. 

There is a difference of opinion regarding the 
value of routine bone marrow cultures for 
H. capsulatum.!99^!17? Our experience would 
lead us to agree with Rohn!*** that culture is of 
very definite value, especially in children. It 
was the single procedure establishing the diag- 
nosis in a patient whose symptoms were minimal 
and not suspicious for histoplasmosis (Case v). 

Detailed studies of the bone marrow in 
histoplasmosis, with differential cell counts, 
have not been reported. Usually one finds only 
statements regarding the presence or absence of 
organisms. Otherwise only gross estimates of 
cytologic changes are noted. Specimens are 
often said to be hypercellular and there may be 
increased numbers of macrophages; the latter 
may contain the fungi. As in the peripheral 
blood, however, H. capsulatum may be found 
in monocytes, neutrophils or plasma cells'®® or 
may occur free in the marrow. There may be 
myeloid or erythroid hyperplasia and the num- 
ber of plasma cells may be increased. Megalo- 
blasts have been noted by two authors.!5??!* 
One adult patient may have had pernicious 
anemia.!*? However, the finding of megaloblasts 
in the bone marrow of infants with histoplasmo- 
sis, such as occurs in other disease states, is 
understandable and was in fact the case in two 
of the new patients reported herein (C. S. and 
M. S.). Inone of these (M. S.) no reticulocytosis 
or alteration of the morphology of the marrow 
following folic acid therapy was noted. The mor- 
phology of the megakaryocytes had been inade- 
quately studied. Provided parasites are not 
found, there seems to be nothing disünctive 
about the bone marrow in histoplasmosis. 

Granted that there are obvious deficiencies 
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in our knowledge of hematologic changes occur- 
ring in infections with H. capsulatum, it may 
be concluded that in an endemic region and in a 
patient with fever, respiratory symptoms and 
hepatosplenomegaly, the occurrence of anemia 
and leukopenia with or without thrombocyto- 
pnia is strongly suggestive of disseminated 
histoplasmosis. The presence of leukocytosis, 
however, should not deter one from suspecting 
the disease. Careful examination of the buffy 
coat from peripheral blood and of marrow may 
be diagnostic, and culture of the marrow and 
blood can certainly be recommended. 


SEX INCIDENCE 


There is a significant sex difference of proved 
disease in adults, males outnumbering females 
about four to one.!?** In children the frequency 
is approximately equal in the two sexes. A 
decrease in the incidence of skin sensitivity to 
histoplasmin has been noted in females at the 
end of the second decade.®** The difference 
between sexes has been considered a possible 
expression of social patterns which limit ex- 
posure to infection but biologic factors cannot be 
excluded. No significant racial differences have 
been recognized. 


CLINICAL FEATURES 


The clinical manifestations of histoplasmosis 
can be derived from the many reports now 
available. Mochi and Edwards??? in 1951 were 
able to assemble 370 papers dealing with clinical 
reports of histoplasmosis and with results of 
histoplasmin skin testing in various parts of the 
world. Proved cases have been described with 
signs and symptoms related to practically every 
body organ and system. However, when many 
of the reports are reviewed critically assurance 
that the disease causing the signs and symptoms 
is indeed histoplasmosis is often lacking. Diag- 
noses based on positive skin sensitivity, on 
roentgen observation, on the more recently 
developed immunologic procedures and even 
on microscopic studies of tissues removed at 
biopsy or necropsy can in many instances be 
discarded as inconclusive or grossly erroneous. 
This does not mean that the technics are value- 
less or that cultural technics alone are satisfac- 
tory; it does mean that every available method 
of diagnosis should be exploited in cases in 
which the disease is suspected and that the 
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criteria for suspecting the disezse should be 
derived from those reports which withstand 
critical scrutiny. 

It is generally agreed that there is a clinical 
disease spectrum of infection with H. capsulatum 
which extends from no apparent illness to ful- 
minating fatal disease. For purposes of discus- 
sion, three broad classifications can be consid- 
ered to bridge this spectrum. Considerable 
overlapping occurs in successive portions of the 
classification. 

1. Fatal, Symptomatic Histoplasmosis. In chil- 
dren the fatal form of the disseminated disease is 
commonly characterized by fever. anemia, 
weakness and hepatosplenomegaly. The review 
by Iams and associates?!^ describes the clinical 
manifestations in great detail. The signs and 
symptoms depend in part on the degree of 
systemic involvement, in part on the extent 
to which individual organs are affected. **Toxic- 
ity" per se does not adequately account for 
fever which has been practically a universal 
observation. Widespread infecticn has been 
noted in children with little or no temperature 
elevation. It appears likely tha: the febrile 
reaction represents a response to secondary in- 
fection by bacteria capable of mcre pyrogenic 
activity than the fungus. Absorption of **toxic" 
breakdown products from necrotized parasitized 
cells may be related to the fever in the absence of 
secondary infection. No characteristic type of 
febrile reaction has been noted; hyperpyrexia 
is a not infrequent terminal event after a progres- 
sive septic type of fever. Prolonged or increasing 
pyrexia is an ominous sign. 

Anemia of moderate to severe degree is 
usually present. The number of white blood cells 
in the peripheral blood tends to be depressed 
although occasionally leukocytosis is observed. A 
leukemoid reaction has been observed on many 
occasions and clinical and hematolozic confusion 
with leukemia has been noted. Careful evalua- 
tion of young children or infants considered to 
have leukemia, who give a history of having 
siblings who died of similar complaints, may be 
very productive in the discovery of additional 
cases of disseminated histoplasmosis. Further 
discussion of the hematologic aspects of histoplas- 
mosis is included in the section on hematology. 

In adults, particularly the very old, the clinical 
course is not dissimilar. Frequently, histo- 
plasmosis occurs as a complication of other seri- 
ous, more or less chronic diseases. The associa- 
tion with Hodgkin's disease and sarcoid is 


commented on elsewhere in this paper. Pul- 
monary manifestations are more common in 
adults, as are localized ulcers of the mucous 
membranes of the upper alimentary or respira- 
tory tracts. The course is like that of an over- 
whelming septicemia with rapid progression. A 
variant seen in adults is the chronic progressive 
form. This may persist for years, usually with 
extensive pulmonary involvement associated 
with cavitation and progressive change. In 
many respects this resembles chronic tuber- 
culosis and sometimes is associated with it. 

2. Non-fatal, Symptomatic Histoplasmosis. ‘This 
group may be divided into mild, moderate and 
severe forms and does not differ appreciably in 
children and adults. Influenza-like symptoms 
are common with prominent respiratory mani- 
festations. The onset is often sudden with cough 
and chest pain. Temperature elevation is com- 
mensurate with the general severity of illness. 
The diagnosis of atypical pneumonia is com- 
monly made. Infants may have a clinical course 
indistinguishable from that of the fatal cases 
except for the final outcome, and recovery may 
ensue without relation to attempted therapy. In 
many of these patients intrathoracic calcification 
was demonstrated in roentgenograms following 
recovery. The variable degrees of illness are well 
illustrated in those cases included in the reports 
of ‘‘epidemics.’’® 68/,72¢,116a,119 T oca] lesions in 
individual organs occur; symptoms are then 
related to the site of disease. 

3. Non-fatal, Asymptomatic Histoplasmosis. The 
largest number of case reports is found in rela- 
tion to this and the preceding classification, and 
the proof of diagnosis is often equivocal. ‘The 
increasing number of unequivocal cases, how- 
ever, tends to support the validity of the diagnosis 
in the previous cases. Most of the information 
comes from epidemiologic studies in relation to 
histoplasmin sensitivity and pulmonary calci- 
fication. Calcification elsewhere in the body 
(spleen) also is significantly more frequent in 
geographic areas with high histoplasmin sensi- 
tivity rates than in areas of low sensitivity rates. 
Careful search, specifically directed toward the 
recognition of H. capsulatum in patients dying 
of other conditions adequate to explain symp- 
toms, is proving productive.*!* Comparable 
success is promised by biopsy technics. Study of 
serial chest roentgenograms in children who are 
known to have given positive reactions to 
histoplasmin and to have developed humoral 
antibodies have revealed pulmonary lesions in 
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asymptomatic children who subsequently de- 
velop intrathoracic calcification. It may be that 
the designation asymptomatic" represents limi- 
tations of clinical diagnosis as currently practiced 
and that the better designation would be “‘inap- 
parent infection." To any physician aware of 
histoplasmosis it is obvious that any of the 
“colds,” ‘“‘upset stomachs,’ or other benign 
conditions which rarely demand professional 
medical attention may actually represent the 
symptoms of initial infection with H. capsulatum. 

From epidemiologic studies?’ the incubation 
period of the disease is estimated as from five to 
fifteen days. Even with this information the case 
reported by Schlumberger and Service!?? of an 
infant dying of the disseminated disease at the 
age of nine and a half weeks raises the question 
of intrauterine infection. The infant spent two 
weeks in the hospital because of premature birth 
(eight months’ gestation, birth weight 5 pounds), 
was home for four weeks and was admitted to 
the hospital in the seventh week with hepato- 
splenomegaly, pallor and signs of widespread 
infection. 

A consideration of signs and symptoms in the 
various organ systems permits an appreciation of 
the protean nature of histoplasmosis. Because one 
classification merges so imperceptibly into the 
next, no attempt will be made to specify which 
of the signs or symptoms are related to any of our 
arbitrary groups. To do so would be to admit a 
prognostic implication which does not exist. 

Respiratory System. This is probably the portal 
of entry in the majority of cases. In a statistical 
study of the frequency of occurrence of the 
lesions of histoplasmosis, Schulz!??* found the 
lungs to be most frequently involved in children 
over five years of age and in adults, whereas 
liver and lymph nodes exceeded lungs in fre- 
quency of lesions in children under five years of 
age. These figures were derived from autopsied 
patients only and therefore probably do not 
reflect what clinical experience would maintain, 
namely, that respiratory involvement must occur 
in almost 100 per cent of patients. Pulmonary 
symptoms are reviewed in detail in the papers by 
Hodgson et al.5* and Schwartz. !7% Cough is not 
uncommon. It is generally non-productive, un- 
less there is associated cavitation. It may be 
associated with chest pain. Hemoptysis is rare: 
the expectoration of broncholiths has been 
described in an unproved case.?* Some patients 
have demonstrated dyspnea. Night sweats have 
been present in occasional cases. Physical signs 
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vary with the degree of lung involvement, as in 
any other infection, but more frequently than 
not they are totally lacking. Atelectasis, emphy- 
sema, cavitation, and so on, produce the same 
signs as when caused by other agents. 1? 535,96 

In adults, granulomatous lesions of the upper 
respiratory passages have occurred with con- 
siderable frequency. Nasal and laryngeal ulcer- 
ations of a chronic nature are repeatedly 
described. Hoarseness is noted as the presenting 
symptom in many cases.?5!?? The lack of 
response of symptoms to treatment with strepto- 
mycin within one week has been considered 
by Hulse** as a means of differentiating laryn- 
geal histoplasmosis from laryngeal tuberculosis. 
Pleural effusion from which organisms have 
been cultured has been described ?*75 (Case 
11). The diagnosis has been made by biopsy of a 
scalene lymph node in the fashion which has 
been helpful in the diagnosis of sarcoid and 
cancer.” 

Gastrointestinal System. Ulcerating, granulo- 
matous lesions of the oropharynx*!^?95 and of the 
perianal region!*®?°* occur in both fatal and 
non-fatal cases. All intervening anatomic divi- 
sions of the gastrointestinal tract have been 
implicated. Weakness, sore throat and dysphagia 
accompany lesions in the oral cavity. These 
lesions often spread to the upper respiratory 
passages. Gastric ulcer with massive hemorrhage 
has been described.9? Ulcerative enteritis has 
been found at all levels; the clinical manifesta- 
tions of such involvement, apart from the 
anorexia which may be systemic rather than 
local in origin, have been largely diarrhea 
and/or melena.9*^5? Icterus has been reported in 
some cases but is not common; hypoproteinemic 
edema may occur, related in part to involve- 
ment of the liver. Hypergammaglobulinemia 
may occur (Case 11). Hepatosplenomegaly has 
been the hallmark of the disease in the dis- 
seminated fatal form in infants. Histoplasmosis is 
very likely to be the correct diagnosis in a pale, 
febrile child with marked hepatosplenomegaly 
in the endemic area. Abdominal enlargement is a 
common observation in infants; in adults the 
enlarged organs are frequently palpated but 
abdominal enlargement is rare. Intra-abdominal 
masses of lymph nodes are occasionally palpated. 

Genitourinary System. Although involvement 
of practically all organs of this system has been 
observed histologically, clinical signs are largely 
restricted to penile, chancre-like lesions in 
adults*? and manifestations of adrenal insuffi- 
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ciency in all ages.'® Classical Addison's disease 
has been noted in several fatal cases in adults, 
and histologic involvement of the adrenal is so 
frequent as to make histoplasmosis suspect 
whenever signs of Addison's disease are ob- 
served in the endemic area. No proved trans- 
placental cases are recorded but the early age of 
clinical onset in some cases!’ has raised this 
possibility. 

Cardiovascular System. Endocardial lesions 
have been noted at autopsy in several in- 
stances. 1!%17.19 [n one case*** there was electro- 
cardiographic evidence of right bundle branch 
block but this was not necessarily related to the 
local cardiac lesions present. Pe-iarteritis has 
been reported;?? subendothelial masses of para- 
sitized macrophages!" might be expected to be 
associated with other vascular lesions. 

Nervous System. ‘The fact that lesions have 
been found in the brain?? raises the interesting 
possibility that some of the convulsive episodes, 
periods of coma, and so on, may be related to 
local brain disease. Clear-cut localizing neuro- 
logic signs related to a distinct lesion of the 
central nervous system have not been recog- 
nized. Chorioretinitis may be considered a 
manifestation of nervous system involvement. 
One patient with a positive complement fixation 
test had clinical chorioretinitis supposedly 
“reactivated” by the application of a skin test 
which gave strong positive results.1°7 

Eyes and Ears. Apart from the chorioretinitis 
noted, a high incidence of positive histoplasmin 
reactions has been observed in patients with 
uveitis.*^ The middle ear has been the site of 
histoplasmosal lesions; no diagnostic clinical 
features are described but the organism may be 
found in purulent aural discharge. !**? 

Skin. Skin nodules have been “ound in some 
cases and biopsy in such cases has established 
the diagnosis.7999.1955 In one of our cases ex- 
foliative dermatitis was present, and following 
treatment with ACTH the skin became the site 
of intensive and extensive histoplasma prolifera- 
tion. It is strange that erythema ncdosum, which 
is common in coccidioidomycosis, has not been 
unequivocally present in histoplasmosis; in 
those cases wherein it is described either the 
lesions have not been typical or the possibility 
of another mechanism such as pen-cillin reaction 
exists.955^75 Rarely, granulomatous lesions de- 
velop at sites of excision of infected lymph 
nodes for biopsy purposes.** One of the authors’ 
patients had an incision and drainage of a mass 


Histoplasmosis— Silverman et al. 


of necrotic cervical lymph nodes and, although 
healing was slow, it was complete. 

Skeletal System. Key!?!'^ described clinical 
arthritis of the knee with osseous destruction 
leading to amputation. Organisms were found 
in the thickened synovia and in the granulation 
tissue of the bone. General skeletal involvement 
has been infrequently reported.!?*!?! With the 
frequency of marrow involvement in the dis- 
seminated disease, however, lesions of bone 
must occur but are probably too small or diffuse 
for roentgen recognition. Infection in a sterno- 
clavicular joint has been described?! but appar- 
ently was associated with torula infection. 


RADIOLOGIC FEATURES 


Radiologic examination of the chest is one 
of the most important factors in calling attention 
to the frequency of histoplasmosis in certain areas 
of the country. Nevertheless, except for the recog- 
nition of dissemmated intrathoracic calcifica- 
tions (Figs. 14 and 15B), there are no diagnostic 
features which clearly differentiate radio- 
logic signs of histoplasmosis from other pulmo- 
nary inflammatory disease. Claims for diagnostic 
specificity of *mulberry-like" calcifications or 
focal calcification with a “‘soft halo" do not 
stand critical scrutiny. Nodular foci of increased 
density, pneumonic infiltrations, hilar and 
mediastinal lymphadenopathy, disseminated in- 
filtrates and various combinations have been 
observed during the acute phase of the disease. 83: 
55.157 (Figs. 15, 16 and 17.) The shadows tend to 
persist much as those of tuberculosis with which 
they are often confused. Atelectasis and emphy- 
sema of a lung or of a lobe may result from 
bronchial compression by involved lymph 
nodes. Many of the lesions go on to calcify, 
producing primary complexes which are indis- 
tinguishable from those of tuberculosis. (Fig. 18.) 
Calcification has been observed to develop in as 
short a time as four or five months after clinical 
illness.!°* Solitary lesions, ‘‘histoplasmomas,”’ 
have been described and have been resected; it 
is not clear how certain the diagnosis of histo- 
plasmosis was in some cases but morphologic 
and cultural proof has been offered in others.'?® 
154 The presence or absence of calcification 
within the solitary lesions has no diagnostic 
significance. In some of the *epidemic" cases 
fine widespread reticulations are observed in 
the lungs (Fig. 17);9? calcification seems less 
common in this type of reaction than in the 
focal or nodular variety. Gross cavitation has 
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Fic. 14. Probable histoplasmosis; disseminated calcification in a boy who gave a negative reaction to tuberculin 
and a positive reaction to histoplasmin. No definite respiratory infection was present, yet lesions developed while 
the patient was under careful medical supervision for rheumatic fever. This roentgen picture is practically 
diagnostic of remote infection in the endemic area. (From Am. J. Roentgenol., 64: 747, 1950.) 


Fic. 15. A, probable histoplasmosis; acute respiratory illness; x-ray diagnosis of “miliary tuberculosis." Negative 
reaction to P.P.D., positive reaction to histoplasmin six months after acute episode following discharge from 
tuberculosis sanitarium where diagnosis of tuberculosis had been disproved. B, two and one-half years later; 
patient clinically well. Note beginning of disseminated calcification. 


Fic. 16. Probable histoplasmosis; positive reaction to the skin test and C.F.R. This is an example of diffuse nodular 
pulmonary disease with hilar lymphadenomegaly. (From Am. J. Roentgenol., 64: 747, 1950.) 


been observed exclusively in adults, many of 


whom were under treatment for tuberculosis 
which they did not have. Others with cavitation 
have had both diseases, but radiologic features 
did not permit evaluation of the contributions 
provided by each separately. Pleural reactions 
are readily recognized roentgenographically 
when present. 

The absence of pathologic pulmonary shad- 
ows does not exclude pulmonary involvement. 
The limitations of size of lesions, shape, sharp- 
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ness of margins, location and total number 
which apply to any disease militate against 
roentgen recognition of disease in histoplasmosis 
as well. In Case 1 review of the chest film taken 
less than twenty-four hours before death failed 
to identify two well developed primary foci 
found on autopsy, each measuring 3 mm. in 
diameter and containing enough calcium to be 
gritty when sectioned. Although lesions are 
found in the thymus, enlargement of this organ 
due to histoplasmosis is seldom seen. 8” 
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Fic. 17. Proved fatal disseminated histoplasmosis in an infant; markings in the lung demonstrate a free reticular 


pattern; the interlobar pleura is slightly thickened. 


Fic. 18. Case vir (B. J. S.); proved asymptomatic histoplasmosis. Calcifying lymph node removed during surgery for 
uncomplicated patency of the ductus arteriosus; many non-viable typical H. capsulatum were found. (See Fig. 37.) 





Fic. 19. Proved histoplasmosis with spontaneous recovery ; 
note massive hepatosplenomegaly. (From Am. J. 


Roentgenol., 64: 747, 1950.) 


Films of the abdomen, or portions of the 
abdomen included in chest films, may demon- 
strate hepatosplenomegaly. (Fig. 19.) Splenic 
calcification was found in chest films in a few 
persons examined as part of a survey by High 
and others.*'* The incidence of splenic calcifica- 
tion is not adequately portrayed by clinical 
roentgen examination of either the chest or the 
abdomen. In a study of spleens removed rou- 
tinely at autopsy and radiographed, the 
incidence of splenic calcification in a region of 
high histoplasmin sensitivity rates is more than 
ten times that in a region where the disease is 
known to be practically non-existent. !8° Other 
extrapulmonary calcification may occur, for 
example, in axillary lymph nodes, but thus 
far proof of infection in such cases is only 
circumstantial. 

The bone lesion described by Key!?!^ was 
merely spotty bone atrophy associated with soft 
tissue thickening about the knee and fluid in the 
joint. No productive changes were present. 
Granulation tissue with cells containing parasit- 
ized organisms was found to be invading the 
bone in the area where the demineralization 
was noted. 

Radiologic examination of other body sys- 
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tems has not been reported as helpful. Un- 
doubtedly, ulcerations of the gastrointestinal 
mucosa might be identified in some cases: per- 
haps contrast studies of the large bowel in those 
cases with colitis or of the small bowel in those 
with enteritis may prove of value. 


DIAGNOSIS 


The diagnosis of histoplasmosis must be based 
on the demonstration of organisms, with pref- 
erence by culture. The indirect methods like 
complement fixation will only under very special 
circumstances replace a culture as acceptable 
proof. Frequently, especially in endemic areas, 
the decision as to whether or not a case can be 
classified as histoplasmosis may be very difficult 
in the absence of a positive culture. 

The morphologic diagnosis of H. capsulatum 
in tissue can be accepted only seldom and only in 
the hands of experienced observers. ‘The similari- 
ties with Histoplasma farciminosum and organ- 
isms of the leishmania group have been men- 
tioned repeatedly. Furthermore, cell debris 
especially in lymph follicles is indistinguishable 
from isolated organisms, and in every appendix 
or tonsil structures can be found which resemble 
but cannot be proven to be organisms. Misin- 
terpretation of such débris as histoplasma has 
been repeatedly reported. 552.520 

Unfortunately, and for obvious reasons, it is 
hard to estimate how often organisms are missed. 
We have often searched unsuccessfully for 
histoplasma in proved cases for hours. We found 
little help from periodic acid stain in locating 
a small number of organisms; however, the 
Gridley procedure?? offers so much contrast 
that it contributes greatly to the search for fungi 
in tissues. On the other hand, observations 
like those of Raftery which report the organism 
in 5 per cent of random samples of appendices 
are open to question. His work has been checked 
by reliable observers and by cultural methods, 
and the presence of histoplasma in normal 
appendices has not been established.??:1*? 

Histoplasmosis, as we see it, is a disease which 
is acquired by way of the respiratory tract almost 
without exception. As in most granulomatous 
diseases, an overwhelming majority of persons 
affected with the primary infection are asympto- 
matic and the episode is self-limited. The arrest 
of the primary infection is frequently perma- 
nent, and its recognition is often limited to 
radiographic demonstration of calcific chest 
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lesions. Rarely, the disease can become pro- 
gressive or reinfection may occur. It is not possi- 
ble at our present level of information to say 
whether chronic, active (often cavitary) histo- 
plasmosis is derived directly from the primary 
infection or whether it represents reinfection. If 
the latter, by analogy with well established facts 
in tuberculosis, endogenous or exogenous mecha- 
nisms could be involved. It seems fairly certain 
from the Cincinnati epidemic'’® that heavy 
exposure may produce exogenous reinfection; 
how often endogenous reinfection occurs is not 
known at present. The isolated tuberculoma-like 
lesions, which are found in the lungs with in- 
creasing frequency and which are being resected 
as '*histoplasmomas," may represent foci of 
lymphatic, hematogenous or even bronchogenic 
reinfection. We have no knowledge of the effect 
on the disease of sensitization, nor of what 
mechanisms are responsible for encapsulation 
on the one hand or dissemination on the other. 
It would indeed be of paramount importance to 
obtain information on these points. 

We recommend the following step-by-step 
procedure in a case of suspected histoplasmosis: 
(1) Skin test. If the results are positive, the 
possibility exists that the disease is histoplas- 
mosis. Special care must be taken with respect to 
proper dilution, potency and sterility of the 
antigen. If the results are negative, the possi- 
bility of the presence of histoplasmosis is 
remote unless the patient is severely ill or in the 
incubation period. (2) Complement fixation test. 
The difficulty of obtaining a reliable test cannot 
be overestimated. A positive reaction to the test 
with high titer is generally indicative of progres- 
sive disease but cross reaction should be ruled 
out. Low titer or negative reactions do not rule 
out active disease. (3) Biopsy of enlarged lymph 
nodes, mucocutaneous lesions, liver, and so on. 
(4) Culture from blood and bone marrow. (5) Culture 
of material from organs producing symptoms, sputum 
or gastric washings, skin exudate, feces, urine 
(all contaminated material mixed with anti- 
biotics should be injected into the peritoneal 
cavity of mice). 

It cannot be overemphasized that the demon- 
stration of the organism in blood smears, bone 
marrow, tissue, sputum, and other sources, re- 
quires skill which cannot be expected from every 
laboratory, especially outside the endemic area. 
This refers both to microscopic and cultural 
demonstration. The statement is borne out by 
the amazingly small number of cases which 
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would fulfill even modest minima. standards of 
diagnosis. 


TREATMENT 


It is quite obvious from the extreme variation 
in the clinical course of the disease that evalua- 
tion of any therapeutic agent must be extremely 
difficult. To date no specific therapy has been 
developed. Supportive treatment in the form of 
dietary measures, food supplements, transfu- 
sions, effective treatment for underlying or 
superimposed disease, is governed by considera- 
tions unrelated to the presence of histoplasmosis, 
and the indications are well known and clearly 
defined. 

The rapidly progressive, disseminated cases of 
histoplasmosis seen especially in childhood 
(Case 1) compare with the disserninated cases 
observed in tuberculosis as a consequence of 
primary infection at a time when body defenses 
have not been mobilized or have proved to be 
inadequate. Paradoxically, one would expect 
these cases to be most benefited by chemotherapy 
if and when such therapy becomes available. In 
the disseminated cases the problem would seem 
to be one of fungicidal therapy. The chronic 
Cases may not need eradication of the organisms 
so much as a general change of the internal 
environment. The internal environment prob- 
ably is altered initially by the funzus, becomes 
less important in the granulomatous forms of 
the disease, but assumes a significant role as in 
Cases 11 and iv when sensitization, perhaps, 
permits extensive proliferation of the organism. 

Specific drugs which have been used in indi- 
vidual cases of histoplasmosis or evaluated in vitro 
include arsenicals, sulfonamides, iodides, organic 
fungicides, antimony compounds. antibiotics, 
and so on. Radiation therapy and surgical 
resection have been described. 

Arsenicals. Various arsenical preparations 
have been tried since the earliest case reports. 
Reports of success in the treatment of epizootic 
farciminosis with arsenicals naturally led to its 
use in histoplasmosis, the causative organism of 
which may be closely related to H. farcimino- 
sum.'84 Seabury and Artis!82 found neo- 
arsphenamine effective against H. capsulatum 
in vitro in a concentration of 100 mg./100 cc. It is 
doubtful whether levels of this magnitude could 
be reached and maintained safely in tissue 
fluids. 

Sulfonamides. The availability of these chemo- 
therapeutic agents coincided with the recogni- 
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tion of histoplasmosis as a not so rare disease. 
Various members of this family have been used 
in individual cases or very small series with 
variable results.^ Sulfanilamide and sulfa- 
diazine were thought by some to influence the 
disease but experimental studies would seem to 
indicate that these drugs in accepted dosage 
would not be effective. ! 13. 182 

Organic Fungicides. At least two preparations 
used to inhibit fungus growth in commercial 
enterprises (baking) have been given fairly 
intensive study. Christie?'^ reported treating 
twelve infants with the disseminated form of 
the disease with ethyl vanillate; five children 
recovered but the relationship between ad- 
ministration of the drug and the recovery is far 
from proved. Toxicity of this agent is great and, 
in general, further use of the drug in its present 
form is not recommended. Sodium propionate 
has been studied under experimental condi- 
tions;'!*4 it does inhibit the growth of the organ- 
ism but clinical success has not been reported. 

Antimony Compounds. Certain clinical and 
pathologic similarities of histoplasmosis and 
kala-azar undoubtedly led to consideration of 
antimony compounds in the former disease by 
virtue of its long association with the latter. 
Fuadin® and neostam® have proved ineffective 
in im vitro studies.59115.159^ H, capsulatum was 
susceptible to stilbamidine in vitro in concen- 
trations between 10 to 100 mg./100 cc.!*?^ but 
subsequent clinical trial was unsuccessful in 
influencing the course of the disease. !82° Because 
of apparent success in the treatment of blasto- 
mycosis,'*® 2-hydroxystilbamidine has been 
offered as a possible antihistoplasmal agent.!5?« 
In one case (Case im) the drug was not clearly 
beneficial and may have been toxic. Meleney!27 
mentions clinical remission during neostam 
treatment; other reports of the clinical use of 
antimony are not encouraging. 

Antibiotics. None of the regularly available 
antibiotics has been found to affect H. capsu- 
latum. In fact, through inhibition of various 
other microorganisms, these agents may actually 
enhance the invasive and pathogenetic proper- 
ties of H. capsulatum.!*?^* Experimental studies 
have identified at least one laboratory anti- 
biotic which may have some effect. Fungicidin, 
obtained from a soil actinomycete by Hazen and 
Brown," is reported to be active against 
H. capsulatum im vitro, as well as against 
Candida albicans and others. This antibi- 
otic, also known as nystatin,? has given promis- 
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ing results in experimental histoplasmosis in 
animals.??e5?e,77^ Hu]se885 regarded the lack of 
response of laryngeal lesions to streptomycin 
as a test differentiating histoplasmosis from 
tuberculosis. 

Miscellaneous. Atabrine® was found experi- 
mentally to inhibit the growth of H. capsulatum 
in vitro.?* Experimentally infected mice showed 
increasing survival rates with increasing dosage 
schedules. Organisms were present in the spleen 
of both treated and untreated mice, indicating 
that the effect of atabrine was suppressive 
rather than lethal. Treatment begun one week 
after infection was ineffective in reducing 
mortality rates. Hansen and Bean?? found 
a abrine ineffective at concentrations which 
generally produced effects. Iodides were ineffec- 
tive in vitro)!’ and had no clearly defined 
clinical effect. !!9»1$5» 

Radiation therapy has been used for some of 
the localized lesions®® !4” and for splenomegaly.*" 
Results have been equivocal; local lesions may 
respond. However, Brandt!* believed that 
radiation enhanced experimental infectivity in 
mice and warned against x-ray therapy in 
human disease. A comparable warning, resulting 
from a somewhat similar mechanism, may be 
read in Cases 1m and tv with regard to the use of 
cortisone. The apparent run-away spread of the 
disease in our two patients so treated may 
constitute an additional contraindication to 
indiscriminate use of such medication in an 
endemic area of histoplasmosis. Experimental 
histoplasmosis in mice did not, however, become 
disseminated after cortisone injections.’ 

Certain antihistaminics were found to exert an 
inhibitory effect on H. capsulatum, among other 
fungi, in experimental studies but effective 
concentrations are beyond the range of clinical 
usage.” 

Surgical incision of local lesions might be 
expected to yield a cure in the absence of disease 
elsewhere in the body. Recent interest has been 
raised with respect to excision of pulmonary 
lesions.1?:83e.126.154,213 Iņ tuberculosis, in which 
resection has become popular, chemothera- 
peutic and antibiotic auxiliaries are available; 
in the absence of such additional support in 
histoplasmosis considerable reserve must be 
maintained with regard to surgical therapy. 
Splenectomy has been reported in several 
cases.5?%144 The indication has generally been 
marked splenomegaly and “‘hypersplenism.” 
Recovery and death have been reported but it 
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is interesting to know that recovery can occur 
when hypersplenism is relieved. A report of 
improvement after administration of acti-dione® 
is available.?? Negroni!’ speaks of a vaccine 
but his report is open to considerable question. 

Vaccination has been shown to be effective 
for short intervals in mice!?!^!7? but a prophy- 
lactic program in humans does not seem feasible. 
The disease is one in which infected individuals 
seldom become obviously symptomatic so that 
evaluation of protection would be extremely 
difficult if not impossible. Moreover, repeated 
injections are necessary to maintain immunity, 
and no clear criteria are available for selection 
of any particular group as most desirable for 
vaccination. Most "natives" in the endemic 
areas apparently acquire the disease even at 
school age; their skin sensitivity may be related 
to natural immunity. Newcomers to the area 
might be considered at greater risk from histo- 
plasmosis but it is clear that many adults who 
enter an endemic area remain permanently non- 
reactive to histoplasmin. Prevention of the 
disease is difficult to visualize if the concept of 
soil contamination and inhalation of dust proves 
to be correct. Menges’ report"??? of finding 
H. capsulatum in the soil while searching for 
blastomyces in a place where a dog was found 
with blastomycosis serves to illustrate how 
widespread is the contamination of soil in the 
endemic area. 

Hansen and Beane?? report no effective 
in vitro action by a variety of agents including 
certain chlorinated hydrocarbons, quinine, eme- 
tine, aminopterin, PASA and urethane. Cur- 
rently, beta-di-ethylaminoethyl fencholate is 
under investigation. !!? 

We are frequently confronted with the prob- 
lem as to whether or not an individual with 
primary disease diagnosed by change in skin 
sensitivity and/or radiographic changes should 
be kept in bed. Likewise, the question of pro- 
longed bed rest is encountered in cases of 
cavitary disease. Too little is known at present 
about the natural course of the disease to make 
any fast rules about the management of patients 
but it does seem reasonable to say that primary 
infection does not require bed rest once the 
acute febrile episode and respiratory symptoms 
have subsided. No cases of generalized disease 
have been traced to overexertion or overexpo- 
sure. Chronic cavitary lesions probably require 
bed rest only as part of the general supportive 
therapy. Whether or not in the future surgical 
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procedures like pneumothorax, tnoracoplasty, 
and so on, will be shown to be helpful in acceler- 
ating closure of cavities we do nct dare prog- 
nosticate. Since no evidence has been presented 
that resection of isolated pulmecnary lesions 
conclusively improved the prognos:s in tubercu- 
losis, it 1s obvious that resection of isolated 
pulmonary lesions in the less well studied 
histoplasmosis is far from an established thera- 
peutic procedure. Naturally, surzery will be 
indicated and permitted in all cases in which the 
slightest doubt exists concerning diagnosis, and 
in which the possibility of maliznant tumor 
must be considered. It may be an important 
consideration that no drugs are available at 
present to safeguard patients from extension of 
infection after surgery in histoplasmosis the way 
streptomycin and allied drugs provide an 
“umbrella of protection” in tuberculosis. 


CASE REPORTS 


Case r. C. S., born December 30, 1950, was 
admitted to the hospital on December 16, 1952, 
because of a low-grade fever of insidious onset 
and loss of appetite of three weeks’ duration, and 
a high fever for four days prior to admission. 
The patient did not respond to treatment with 
antibiotics. 

The birth, development, feeding and past 
medical histories were non-contributory. The 
family history was interesting -nsofar as a 
female sibling was admitted to the hospital 
December 18, 1952, and subsequently proved 
to have disseminated histoplasmosis (Case 1). 
Epidemiologic aspects will be the subject of 
another communication. ' 

Physical examination at the time of admission 
revealed a somewhat pale girl who appeared 
both acutely and chronically ill. The weight was 
18 pounds, 4 ounces; temperature 103.4^r., 
pulse rate 160; respiration rate 100. Small 
cervical lymph nodes were present, the liver 
was easily palpable four fingerbreadths below 
the right costal margin and the spleen was easily 
palpable two and one-half fingerbreadths below 
the left costal margin. There were rhonchi and 
scattered rales through the lung fields and 
a marked tachycardia was present. Both 
tympanic membranes as well as the pharynx 
were moderately reddened. ‘The remainder 
of the examination revealed essentially no 
abnormalities. 

The patient’s course was a stormy one, char- 
acterized principally by high spiking fever 
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ranging between 101?r. and 107?r., by rapid 
respiratory rate with intermittent cyanosis, 
frequent passage of large bulky black stools, 
recurrent nose bleeds and bleeding from the 
site of venipunctures and during the terminal 
stages by vomiting of dark blood. ‘There was no 
apparent response to various forms of therapy 
which included blood transfusion, intravenous 
fluids, aureomycin® and penicillin, and one 
intravenous injection of 2-hydroxystilbamidine. 
The patient died on December 19th, three days 
after admission. 

During her hospital stay the following labora- 
tory data were noteworthy: 

1. The blood count on December 17, 1952, 
revealed a hemoglobin of 5.3 gm., red count of 
2.84 million, reticulocyte count 3.0 per cent, 
platelets 5,600 per cu. mm., white count 4,100 
per cu. mm., with 78 per cent neutrophils, 
2 per cent eosinophils and 20 per cent lympho- 
cytes. There was marked hypo- and poly- 
chromasia and poikilocyvtosis. Occasional H. 
capsulatum were found in the peripheral blood. 
There were 40 normoblasts per 100 white cells. 
‘The sedimentation rate was zero; mean corpuscu- 
lar volume 74, mean corpuscular hemoglobin 18, 
mean corpuscular hemoglobin concentration 25. 

2. Urine showed a 1+ to 2+ albumin with 
occasional white cells on microscopic examina- 
tion. Specific gravity ranged between 1.009 and 
1.015. 

3. H. capsulatum was cultured from both the 
blood and the bone marrow on December 17, 
1952. The marrow was heavily parasitized 
with H. capsulatum. (Fig. 20.) 

4. Roentgenogram of the chest revealed 
exaggerated markings in both lung fields with a 
slight pleural reaction on the right. Review 
of films in the light of necropsy findings failed to 
permit roentgen identification of the primary 
foci. 

Autopsy. Externally there were no super- 
ficial lymph node enlargements or edema. Perti- 
nent findings were limited to the internal 
examination. 

The pleural surfaces were dotted with 
petechiae. Delicate fibrous adhesions were pres- 
ent between the right upper and right middle 
lobes. The right and left lungs weighed 180 and 
140 gm., respectively. In the subpleural region 
of the right middle lobe were two separate 
nodules, each measuring 3 mm. in diameter. 
They were firm, discrete and associated with 
fibrinous pleural thickening. When sectioned 
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lated group of three extracellular yeasts in lower part of field; original magnifica- 
tion X 650. 


they were yellow, soft and contained enough 
calcific material to be gritty. There was a matted 
mass of lymph nodes at the right hilus measuring 
2.5 by 1.5 cm. Individually they were nodular, 
firm, white and with stellate areas of yellow 
necrosis, resembling caseation. Calcification was 
not apparent. The other tracheobronchial 
lymph nodes were slightly enlarged but free from 
focal change. The lung substance was diffusely 
non-crepitant and consolidated. Sections re- 
vealed reddish-tan, firm, granular tissue which 
was somewhat friable. The process was most 
prominent in the posterior and apical segments 
of the right upper lobe. 

The liver weighed 950 gm. and extended 6 cm. 
below the costal margin. The cut surface was 
yellow-tan, pale and mottled. An occasional 
erey nodule, 1 mm. in diameter, was noted. 
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The spleen weighed 150 gm. Scattered grey 
tubercles, to 1 mm. in extent, were visible on the 
capsular surface. Sections revealed occasional 
small irregular areas suggestive of confluent 
granulomas. Two accessory spleens, 1 cm. in 
diameter, showed similar change. 

Throughout the small intestine and colon, 
most prominent in Peyer's patches, were fol- 
licular areas of erosion and hemorrhage. They 
were firm, considerably elevated and up to 
2 mm. in diameter. The appendix revealed no 
abnormality. In the transverse colon were four 
polypoid lesions 1 cm. in greatest extent. They 
were firm, ovoid and button-like. Central 
erosions were coated with hemorrhage and a 
membranous exudate. The colonic wall in this 
area was thickened, indurated and adherent to a 
matted mass of mesenteric lymph nodes measur- 
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Fic. 21. Case 1. Ulcerative colitis and mesenteric lymphadenopathy in presence 


of typical pulmonary primary complex. 


ing 15 by 12 by 3 cm. These end confluent 
groups of periaortic and peripancreatic nodes 
resembled the tracheobronchial nodes when 
sectioned. (Fig. 21.) 

The bone marrow and the adrenals revealed 
no abnormalities upon gross examination. 

Microscopic Examination. The two subpleural 
nodules were of similar appearance. Central 
areas of necrosis and early calcification were 
rimmed by dense collagen and very little in- 
flammatory reaction except for a few lympho- 
cytes and giant cells. (Fig. 22.) Throughout 
the lung there was thickening of alveolar septa 
and interstitial fibrosis. Infiltration of histio- 
cytes and lymphocytes, and occasional throm- 
bosed capillaries were seen in the framework. 
Extruded into alveolar spaces and often packing 
them were large numbers of histiocytes and 
multinucleated giant cells. Within the nodules 
and also within the alveolar histiocytes were 
innumerable organisms (H. capsulatum). In 
tracheobronchial, mesenteric, pericolic and 
retroperitoneal lymph nodes there were nodular 
areas of caseation necrosis intermixed with 
collagenous scarring, but little tubercle forma- 
tion or giant cell reaction was noted. Thousands 
of fungi were seen. 

In the spleen there was a diffuse infiltration 
of the cords and sinusoids by great numbers of 
histiocytes, all of which were packed with H. 
capsulatum. Necrosis or frank tubercle forma- 
tion was not seen. 


Throughout the lobules of the liver, irregular 
collections of histiocytes were present, sometimes 
in small nodules. Minute foci of necrosis with 
early fibrosis and a few multinucleated giant cells 
were occasionally encountered. Again, a multi- 
tude of fungi was seen. 

The involvement by H. capsulatum of the 
intestine and colon had a distinct predilection 
for the lymphoid tissue. The scattered mucosal 
follicles and Peyer’s patches were the site of 
nodular aggregations of histiocytes which were 
packed with fungi. (Fig. 23.) On the mucosal 
aspect there was necrosis, ulceration and micro- 
abseess formation. The larger polypoid lesions in 
the transverse colon were an exaggeration of 
this change. Also encountered in the larger 
lesions were foci of acute necrosis and bacterial 
invasion extending into the pericolic fat. 

One adrenal revealed a single minute nodular 
infiltrate of histiocytes, containing fungi. 

The bone marrow revealed a diminished 
content of hemopoietic elements although there 
was a recognizable erythroid hyperplasia. The 
striking feature was a diffuse and intense infiltra- 
tion by histiocytes which were packed with 
H. capsulatum. Necrosis or tubercle formation 
was not seen. 

Case u. M. S., a white female, four years 
and one month of age, was admitted to Chil- 
dren’s Hospital on December 17, 1952, when it 
was learned that she was not well and had 
swollen glands in her neck. (Fig. 24.) Her 
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Fic. 22. Case 1. Primary focus of the lung; well circumscribed necrotic focus with fibrous wall and slight pleural 


involvement; original magnification X 17. 


Fic. 23. Case 1. Mostly diffuse mononuclear cell infiltrate of mucosa and deeper layers of small bowel; note absence of 
true ulceration, indicating that the infiltrate is not due to infection from the intestinal lumen. Original magnification 


X 150. 
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Fic. 24. Large cervical lymphadenopathy; stupor; abdominal swelling due to ascites, lymphadenopathy, hepato- 


splenomegaly and meteorism. Note atrophic lower extremities. 


sister, C. S., admitted the day before, had been 
found to have acute disseminated histoplasmosis, 
proved by examination of the bone marrow. 
Both children became ill approximately three 
weeks before admission to the hospital. M. S. 
developed progressive painless enlargement of 
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cervical lymph nodes and slight cough; there 
was no change of appetite, which had been 
generally poor, no recognized fever, weight loss, 
abdominal enlargement or other evidence of 
systemic disease. 

Physical examination on admission revealed a 
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Fic. 25. Lymph node (Case m); small and large cells of Histoplasma capsulatum 


close to surface of tissue explant after ten days; original magnification X 650; 


periodic acid Schiff s-ain. 


thin, poorly developed and poorly nourished 
girl who appeared chronically ill. Massive 
enlargement of lymph nodes on both sides of 
the neck resembled the classical picture of 
Hodgkin's disease in adults. The masses of 
nodes were matted together, were firm and non- 
tender and were not adherent to the overlying 
skin, which was not reddened. Nodes of 1 to 
3 cm. were present in the axillary and inguinal 
regions and were firm and non-tender. Except 
for a soft systolic murmur heard by one exam- 
iner, the examination of the heart 2nd lungs was 
not remarkable. The abdomen was distended, 
the liver and spleen were both easily palpable. 
Irregular masses, thought to be erlarged intra- 
abdominal lymph nodes, could be palpated in 
the abdomen, particularly in the right lower 
quadrant. The patient was conscious but 
irritable. 

Laboratory examinations were undertaken 
specifically with respect to isolation of H. cap- 
sulatum. Blood cultures taken on the following 
dates were all negative: December 18, 23, 24, 
28, 1952 and January 5, March 24, 1953. Bone 
marrow aspiration of the spinous process and 
sternum performed on December 18, 1952, and 
January 9 and March 25, 1953, revealed all 
smears to be negative; cultures were positive 
after each aspiration except on January 9th. 
Examination of the stools on April 7 and 8 and 


May 12, 13, 14, 1953 revealed them all to be 
negative for H. capsulatum. Cervical nodes 
(Fig. 25) showed the following: A biopsy per- 
formed on December 29, 1952 revealed smear, 
culture and section to be positive; aspiration 
performed on February 4, 1953 revealed the 
culture to be positive; incision and drainage 
were performed on February 8, 1953; drainage 
swab on March 16, 1953 revealed the culture 
to be positive, drainage swabs on April 8 and 
April 27, 1953 gave negative results from the 
cultures. 

Other laboratory procedures and their results 
were: blood count on admission: 8.2 gm. hemo- 
globin; 3.94 million red blood cells; 2.24 per 
cent reticulocytes; 230,000 platelets; 9,100 leuko- 
cytes; 71 per cent polymorphonuclears; 1 eosino- 
phil; 23 lymphoeytes; and 5 mononuclears. 
Until April, 1953, there were several cycles of 
decreasing hemoglobin levels responding to 
transfusion; subsequent decreases of hemoglobin 
levels were irregular and relatively precipitate 
following episodes of massive gastrointestinal 
hemorrhage. 

The white blood count ranged between 
13,000 and 11,000 for the first three weeks. A 
marked leukopenia occurred on January 8, 
1955, but by January 27th the white blood 
count had attained a level of 13,800 per cu. mm. 
Thereafter the white blood count ranged be- 
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tween 7,500 and 16,000. On March 17, 1953, 
there was a sharp rise to 30,700, after which 
time, except for occasional rises in the thirtv 
thousand range, the count tended to run be- 
tween 14,000 and 20,000. The differential 
counts during this period were not remarkable; 
the fluctuations were reflected chiefly in the 
percentage of polymorphonuclear cells which 
reached 91 per cent when the total count was 
in the thirty thousands. Smears of the blood at 
all times showed aniso- and poikilocytosis, 
hypochromia in the red blood cells and toxic 
granules and frequent immature forms in the 
white blood cells. No H. capsulatum were 
observed in any of the peripheral blood smears. 

Urine examinations indicated normal con- 
centrating and diluting power. Albumin, bac- 
teria, white blood cells and occasional casts were 
generally present. Cultures were positive for 
Escherichia coli, paracolon organisms and non- 
hemolytic streptococci on many occasions. 
Proteus morgagni was isolated from the stools, 
which contained both gross and microscopic 
blood. Examination of the cerebrospinal fluid 
on four occasions revealed no abnormalities. 
Chemical studies of the blood were not remark- 
able except with respect to the protein fractions. 
The results are indicated below: 








died Albumin | Globulin 
cc.) ee) 
cc.) 

12/22/52 7.9 3 6 4.5 
1/5/53 6.6 7 B 
1/20/55 7.4 5.0 Ad 
2/10/53 7.0 2.5 4.5 
3/16/53 | 6.8 2.9 3.9 








The cephalin flocculation test was 3+ on 
December 22, 1952, but gave negative results 
from several determinations thereafter. On 
December 28th electrophoresis of the plasma 
revealed the following composition of the pro- 
tein fractions: albumin 37 per cent, alpha-1 
7 per cent, alpha-2 14 per cent, beta 14 per cent, 
and gamma more than 28 per cent. 

Skin sensitivity to purified protein derivative 
and to histoplasmin (Lilly) in dilutions of 
1:1000 and 1:100 was consistently negative. 
Complement fixation test for histoplasmosis 
gave positive results in a dilution of 1:512 on 
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December 18, 1952, while the precipitin test 
gave positive results in a 1:2 dilution. 

Clinical Course. Although proof of the diagno- 
sis in M. S. was not obtained until later, isolation 
of H. capsulatum from the marrow of her sister 
made the clinical diagnosis of histoplasmosis 
almost certain. Therefore, this patient was 
started on a course of treatment with 2-hydroxy- 
stilbamidine* on December 19, 1952, the day 
after admission. Transfusions were administered 
practically simultaneously because of the severe 
anemia. For about three and one-half weeks 
the child had daily afternoon and evening 
temperature elevations generally spiking to 
104?r. She was withdrawn and relatively quiet 
but otherwise the sensorium was normal. The 
cervical glands continued to enlarge. On 
December 29th four lymph nodes were re- 
moved from the left side of the neck; direct 
smears were positive for H. capsulatum and 
subsequent cultures and histologic sections 
gave positive results. About the end of the third 
week in the hospital she was given another 
transfusion of fresh, citrated blood from her 
uncle whose skin test for histoplasmin had 
given strong positive results. At the same time 
the dosage of 2-hydroxystilbamidine, which was 
administered intravenously originally and then 
intramuscularly, was increased to 120 mg. again 
by the intravenous route. The following day the 
child became suddenly worse, the temperature 
rose to 107?r. and mottled cyanosis and dyspnea 
appeared. 

In the next three to four days, after the 
administration of procedures designed to reduce 
temperature and the use of an oxygen tent, a 
rather surprising improvement took place. The 
temperature continued to be intermittent but 
the maximal temperature reached was generally 
between 100? and 101?r. At the same time the 
clinical appearance of the child improved. ‘This 
clinical improvement was maintained, except 
for progressive enlargement of the cervical 
lymph nodes, until the end of the sixth hospital 
week when a gradual increase in the amplitude 
of the temperature swings was noted. Early in 
the eighth week the lymph nodes in the neck 
became fluctuant and this was confirmed by 
aspiration. H. capsulatum were still present. 
2-Hydroxystilbamidine, which was discontinued 
after the acute distress of the fourth week, was 
resumed in smaller dosage by intramuscular 


* Material and guidance supplied by Dr. I. Snapper, 
N- Y. 
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injection. The cervical incisions were secondarily 
infected with H. staphylococcus aureus. Anti- 
biotic therapy was instituted. 

The patient continued to run the low grade 
septic temperature noted before incision and 
drainage of the cervical nodes. Tke mass in the 
right lower quadrant gradually enlarged; the 
child slowly became more irritable. She was not 
losing weight but no weight gain could be noted, 
and in fact she seemed to be slowly losing ground. 
She became progressively lethargic; at the end of 
the thirteenth week generalized twitching sud- 
denly developed and the patient became 
unconscious. Convulsions occurred, some gen- 
eralized, some unilateral, first on one side and 
then the other. There were short periods of 
lucidity but the sensorium clouded from that 
point on and tube or intravenous feedings were 
necessary. No localizing signs could be demon- 
strated and several examinations of the cere- 
brospinal fluid failed to demonstrate any 
pathologic change in its constitution. 

Shortly thereafter, blood began to appear in 
the stools in large amounts. Earlier small 
amounts had been noted on occasion but these 
constituted massive hemorrhages and required 
transfusion. The draining incisions in the neck 
gradually healed. 

The subsequent course was one of slow, 
relentless deterioration and death occurred 
August 25, 1953, eight months after admission to 
the hospital. 

Autopsy. On external inspection the body was 
seen to be markedly cachectic and emaciated. 
Suppurative lesions were noted on the scalp 
and neck, with similar findings on the tongue. 
The pulmonary parenchyma showed little 
abnormality except for an occasional focus which 
will be described later. The regional lymph nodes 
were enlarged and showed varying degrees of 
fluctuation suggestive of caseation. Heart and 
spleen were without abnormalities. The ab- 
dominal cavity contained 200 ec. of serous 
turbid fluid and marked enlargement of the 
lymph nodes was noted. They varied in size 
from 5 to 25 mm. in diameter, were soft, and on 
sectioning showed marked formation of caseous 
foci. The liver was somewhat enlarged but 
without recognizable disease on cut surface. 

There was a diffuse inflammatory process in- 
volving the entire small and large intestine. The 
small bowel, particularly in the ileum, had a 
diffuse pseudomembranous inflammation of 
yellow appearance. Focal areas of ulceration 


were seen, varying in size from 2 to 15 mm. in 
diameter. These ulcerations showed a tendency 
to encircle the intestine in a transverse manner. 
The ulcerations were undermined, had rolled 
edges and a yellowish necrotic base. The termi- 
nal ileum at the ileocecal valve and cecum 
showed hyperplastic granulomatous lesions of 
submucosa which often protruded into the 
lumen. These lesions showed no ulceration. 
The appendix was edematous, diffusely in- 
flamed and showed marked suppuration. 

The rest of the organs, including brain, 
showed little abnormality upon gross examina- 
tion. 

Microscopic Examination. In the lung a fibro- 
caseous focus of 3 to 4 mm. diameter was found, 
with beginning calcium deposits in the center; 
the focus was surrounded by a thin fibrous 
capsule. Within the capsule there was a small 
rim of giant cells and occasional epithelioid cells. 
Occasional histiocytes contained H. capsulatum 
which, however, were absent in the central 
necrotic parts. Some of the giant cells also con- 
tained organisms. In addition to this focus, there 
were small groups of histiocytes in the interstitial 
and in the interalveolar space of the different 
lobes of the lung containing small numbers of 
organisms. These groups did not form tuber- 
culoid structures and no epithelioid cells were 
found. 

In the small bowel necrotic surfaces were 
seen with occasional ulceration. Very little 
exudative inflammation was noted, but numer- 
ous histiocytes with large numbers of H. 
capsulatum were seen in all layers. In other 
parts, there was extensive pseudomembranous 
inflammation with many polymorphonuclear 
leukocytes on the surface; below this layer fol- 
lowed one of histiocytes and, finally, lympho- 
cytes predominated. Some of the ulcers have 
undermined edges. In still other parts, large 
tubercles of histiocytes were found containing 
innumerable organisms. These nodules pro- 
duced bulging of the overlying mucosa which in 
parts was ulcerated. Mesenteric lymph nodes 
showed extensive epithelioid tubercles with 
necrosis (incomplete) and numerous organisms. 
In the colon the submucosal histiocytes formed 
tubercles containing numerous organisms, often 
without ulceration of the surface mucosa. 

The kidneys, ovary, brain, pituitary and heart 
did not contain lesions related to histoplasmosis. 
There were some foci of semi-necrotic histiocytes 
containing H. capsulatum in the pancreas. No 
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nodule formation was noted. The spleen was 
congested but no organisms or reaction to 
organisms was noted. The bone marrow was 
markedly hyperplastic without evidence of 
histoplasmosis. In the liver there were small 
granulomas composed of histiocytes with acido- 
philic cytoplasm but no recognizable organisms 
were found in the substance of the liver. There 
were focal degenerative changes in the brain 
without recognizable relation to histoplasmosis. 

Comments on Cases I and II. ‘These children 
represent the fulminating (Case 1) and chronic 
progressive (Case 11) forms of the disease as seen 
in childhood. Both children showed primary 
pulmonary complexes suggesting the respiratory 
portal of entry. Widespread dissemination of 
infection was the rule and massive gastro- 
intestinal hemorrhages were serious complica- 
tions in both children. 

Case nr.* A. B., a seventeen year old, well 
developed, well nourished white female was 
admitted to the Jewish Hospital for the second 
time on October 31, 1952, with a chief complaint 
of generalized skin eruption. 

The illness had begun in January 1952, when 
an isolated maculopapular eruption first ap- 
peared on the left arm. A month later a similar 
lesion appeared in the hip region. Subsequently 
maculopapular lesions appeared and disap- 
peared all over the body except the face. Pruritus 
was severe, interfered with sleep and led to the 
first hospital admission on October 6, 1952. 
During this admission several antihistaminic 
drugs were given but provided no relief. 
Cortone? was administered beginning October 
15th in the amount of 50 mg. at first and then 
25 mg. every four hours thereafter. She was 
discharged as improved on October 22nd and 
the diagnoses made at that time were exfoliative 
dermatitis and neurodermatitis. 

Following discharge from the hospital and 
withdrawal of cortone a marked recurrent reac- 
tion occurred. Skin lesions became markedly 
exfoliative and weeping, the patient was in 
constant distress, had fever of 101?r. and severe 
chills. Facial edema appeared and readmission 
to the hospital was necessary nine days after 
the patient had been discharged from the first 
admission. 

Physical examination on October 31, 1952, 
revealed a maculopapular eruption, exaggerated 
in skin folds, covering the entire body. Some 


* This case is presented through the kindness of 
Dr. H. Felson. 
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Fic. 26. Case m. Large cell from pleural exudate con- 
taining dozens of organisms; original magnification 
X 1000. 


lesions were dry and red, others were crusted, 
and still others were weeping. Cervical nodes 
were moderately enlarged. Apart from the skin, 
no other body systems were abnormal. 

Laboratory examinations revealed the follow- 
ing: red blood cells 3.9 million; hemoglobin 
11.5 gm.; white blood cells 10,300, 68 per cent 
polymorphonuclears, 9 per cent lymphocytes, 
6 per cent monocytes and 17 per cent eosinophils. 
Serologic test for syphilis gave negative results. 
The urine contained 10 mg. of albumin and a 
few red cells. The chemical composition of the 
blood was within normal limits in all compo- 
nents studied. 

The patient ran an intermittent fever ranging 
between 100?r. and 104?r. which was often 
associated with chills. No response to anti- 
biotics was noted. On November 18, 1952, ad- 
ministration of ACTH was started; the tempera- 
ture fell and the condition of the skin improved. 
At this time a heart murmur was noted in the 
apical and pulmonic areas, and diffuse ab- 
dominal tenderness was present. A small pleural 
effusion appeared. On November 21st H. cap- 
sulatum was identified in uncountable numbers 
in the pleural exudate (Fig. 26) and in the 
peripheral blood. (Figs. 27 and 28.) The patient 
was started on 2-hydroxystilbamidine. Her 
condition deteriorated and she died Novem- 
ber 22nd. 
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Fic. 27. Case m1. H. capsulatum, 7000 colonies per cc. of blood. were counted. They were 
already visible after forty-eight hours; natural size of pour plate. 


Autopsy. At autopsy, on external inspection, 
edema of the face, petechiae and scratch marks 
were prominent. (The serosal cav ties all con- 
tained  straw-colored fluid, the left pleura 
800 cc., right pleura 500 cc., the pericardium 
200 cc. and the peritoneum 300 cc.) 

Organ weights: heart 280 gm., right lung 
700 gm., left lung 600 gm., liver 2,700 gm., 
spleen 770 gm. and kidney 290 gm 

In the apex of the right lower lobe, there was 
a caseous focus of 10 by 7 mm. immediately 
below the pleura and the regional interlobular 
lymph nodes showed enlargement and caseation 
which was found also in a lymph node in the 
right inferior hilus. The rest of the thoracic 
lymph nodes were swollen but showed only 


spot-like foci of caseation. Tracheal nodules of 


| to 2 mm. were visualized and similar lesions 
were found in the left costal pleura. The lungs 
were solid throughout and only occasional 
miliary nodules on a diffusely brown back- 


ground were recognized. Similarly, grayish 
nodules of 1 to 4 mm. were noted in the liver, 
the spleen, adrenals and kidneys. The gastro- 
intestinal tract appeared normal on gross ex- 
amination as was the heart, the internal geni- 
talia, the thyroid and the pancreas. Micro- 
scopically, the primary lung focus contained a 
very large number of organisms and histiocytes 
which filled all alveoli or their remnants. There 
was complete loss of pulmonary architecture 
(but no caseation), and the overlying pleura 
showed fibrinous inflammation. The remainder 
of the lung showed innumerable histoplasma in 
phagocytes (Fig. 29), filling the alveoli, and less 
numerous interstitial (hematogenous) tubercle- 
like structures. Liver and spleen displayed un- 
believable numbers of organisms with degenera- 
tive lesions of the parenchyma. Macrophages 
containing histoplasma were numerous in kid- 
neys (Fig. 30), bone marrow (Fig. 31) and 
adrenals (Fig. 32), but were less numerous 
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phagocytes; original magnification X 160. 


Fic. 29. Case 11. Pulmonary vein; innumerable organisms in the phagocytes in 
the wall of the vessel and two cells in the lumen; original magnification X 650. 


in skin, pancreas, thyroid and parathyroid. 
(Fig. 33.) The heart and the gastrointestinal 
tract were normal on microscopic examination. 
The lymph nodes throughout the bodv, in 
addition to the specifically described node 
formation related to the primary complex, were 
hyperplastic with enormous numbers of organ- 
isms in sinusoids and elsewhere. 

Comment. ‘This was a case of fulminating 
disease in a young adult in whom massive 
dissemination occurred while under treatment 
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with adrenal cortical extract. The disease was 
so overwhelming and the organisms so numerous 
that they must have interfered with the function 
of organs in which they abounded by sheer 
mechanical displacement. 

Case tv.* E. B., a sixty-nine year old white 
man whose past history was not available, was 
admitted to Booth Hospital, Covington, Ken- 
tucky, June 4, 1951. In February, 1951, he had 


* This case is presented through the kindness of 
Dr. D. Richfield. 
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glomerular tufts; original magnification X 650. 


Fic. 31. Case m1. Bone marrow section; numerous organisms in swollen phagocytes; original magnification 


X 650. 


Fic. 32. Case m1. Adrenal involvement; numerous intracellular organisms; original magnification X 650. 


Fic. 33. Case m. Parathyroid involvement; original magnification X 650. 


had an episode of cough and fever associated 
with positive roentgen signs of pneumonia." 
He had been treated with penicillin; the response 
is not known. In April, 1951, roentgen examina- 
tion of the gastrointestinal tract for unknown 
complaints was said to show “‘spastic colon and 
diverticula." Following this, without specific 
complaints, the patient became anorexic and 
gradually weakened. Shortly before admission 
to the hospital an acute decline occurred asso- 
ciated with cyanosis of the lips and mottling 
of the skin. In the belief that this represented 
“vasomotor collapse" administration of digitalis 
was begun on June 2, 1951, and he was also 
given lipoadrenal extract. Marked improvement 
occurred but was only temporary, and with 
return of somnolence he was hospitalized. 

On physical examination he appeared chroni- 


cally ill. He was dyspneic at bed rest; there was 
no cyanosis. The skin was sallow. The attending 
physician stated “it appears somewhat tan 
although he has not been in the sun." No 
lymphadenopathv was noted other than a 
left axillary node the size of a lima bean. 
lhe chest was mildly emphysematous. There 
was moderate non-tender hepatomegaly but 
no splenomegaly. 

Laboratory data were as follows: The red 
blood count and hemoglobin within normal 
limits. The white blood cells numbered 5,000 to 
7,000/cu. mm., but rose to 12,550/cu. mm. 
during the terminal stages. Initially, there was 
an eosinophilia of 21 per cent and a mild 
lymphocytosis; with cortisone treatment there 
was a gradual increase in neutrophils and stab 
cells, and a decrease in eosinophils and lympho- 
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Fic. 34. Case iv. Interstitial (hematogenous) fibrosing tubercle; original magnification X 160. 


Fic. 35. Case iv. Submiliary necrosis and round cell infiltrates in liver; original magnification X 160. 


cytes. Blood urea nitrogen was normal; bili- 
rubin was 0.5 mg./100 cc.; total protein was 
7.0 gm./100 cc. with the albumin comprising 
2.8 gm. and the globulin 4.2 gm. A blood 
culture was sterile; urine was normal. Sputum 
was negative for acid-fast organisms. Roentgen 
examination of the chest demonstrated general- 
ized miliary infiltration with left hilar enlarge- 
ment with gradual but incomplete clearing. A 
needle biopsy of the liver was interpreted as 
showing miliary granulomatosis and fatty 
vacuolization; acid-fast stains gave negative 
results. 

The patient was treated with antibiotics. 
Four days after admission a course of cortisone 
was begun; sudden improvement occurred on 
the eighth day of treatment and the patient 
went home when the drug was discontinued on 
the sixteenth day. There had been little febrile 
reaction at any time. Death occurred at home on 
July 12, 1951. 

Autopsy. The body was that of a well nour- 
ished male of 165 cm. length and 75 kg. weight. 
The external inspection revealed no abnormal- 
ity. In addition to extensive adhesions there 
were 100 cc. of straw colored fluid in each 
pleura. The right lung weighed 960 gm., the 
left lung 840 gm. A fine grayish granularity was 
more prominent in the upper lobes. The bron- 
chial mediastinal lymph nodes were not re- 
markable. The liver was markedly enlarged 
(3,180 gm.) and showed miliary nodules. The 
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spleen weighed 240 gm. The outstanding ab- 
normality was found in the markedly enlarged 
adrenals (90 gm.) which were quite firm. Cortex 
and medulla were entirely replaced by reddish, 
grayish, yellowish mottled tissue. A small nodule 
was found in the pyramid of one kidney. Brain, 
heart and intestines were free of pertinent 
findings. 

Microscopic Examination. In the lungs, a few 
interstitial tubercles were found which were 
very small and contained mostly epithelioid 
cells. (Fig. 34.) However, some foci had in 
addition numerous polymorphonuclear leuko- 
cytes. In some isolated spots H. capsulatum 
could be recognized definitely. All foci in the 
pulmonary parenchyma were of equal size. 

Several lymph nodes of the bronchomediasti- 
nal region were examined and showed either 
scattered small abscess-like foci with poly- 
morphonuclears and necrosis or the hyper- 
plastic type of sinusitis with considerable swell- 
ing of the local histiocytes. Organisms in small 
number were recognized in some of the lymph 
nodes. 

The spleen showed slight abnormality except 
for congestion but there were small circum- 
scribed epithelioid tubercles between the other- 
wise normal cells. 

In the liver were numerous foci, either small 
polymorphonuclear accumulations or necrosis 
plus polymorphonuclears. (Fig. 35.) No organ- 
isms were demonstrated in the liver lesion. Also 
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36A 


36B 


Fic. 56. Case iv. A and B, "small" and "giant" forms of H. capsulatum in the same adrenal; original magnification 


X 650; periodic acid Schiff stain. 


present was an interstitial round cell myocarditis 
but no evidence of histoplasma was found. The 
outstanding observation was in the adrenals 
which showed complete caseation and some 
small typical organisms. In addition, there 
were a great number of veast cells, of about 
6 to 8 u diameter, which stained quite differ- 
ently from the usual histoplasma organism but 
in view of the demonstration of giant forms in 
tissue explants!" they can be accepted as repre- 
sentative for this species. (Fig. 36.) 

In the bone marrow there were small foci 
of abscess-like metastases but no organisms were 
demonstrated. 

Comment. ‘This case represents a subacute or 
chronic form of histoplasmosis with hematog- 
enous dissemination, manifested by foci in 
nearly all organs and diffuse caseation of the 
adrenals. Obviously, the patient could have 
overcome the hematogenous dissemination as 
shown by occasional scar format-on in miliary 
nodules of the lung, if the destruction of the 
adrenal cortex had not produced an unsur- 
mountable difficulty. This patient, like that 
discussed in Case m, was under treatment with 
cortisone. 


Case v.* B. S., a three year old white girl, 
had an episode of “‘acute pneumonia" in 
April, 1949, after three months’ continuous 
residence on a farm in Kentucky. Prompt 
response to penicillin was noted although a blood 
count, taken twelve hours after institution of 
treatment, was said to be “‘inconsistent with 
pneumonia." Recovery from the acute episode 
apparently was complete in seventy-two hours. 

However, subsequently the child was noted to 
be anorexic and irritable and became fatigued 
easily. Medical attention was sought approxi- 
mately six months later. At this time, at the age 
of three and one-half years, the child was pale, 
had slight bilateral catarrhal otitis media and 
slight injection of the posterior pharynx. There 
were shotty submental and anterior cervical 
lymph nodes but no generalized lymphadenop- 
athy was present. The percussion note was 
slightly impaired in the base of the chest on the 
right, and breath sounds were diminished in the 
same region. The liver edge was palpable 1 cm. 
below the right costal margin; the spleen was not 
felt. Hemoglobin was 72 per cent, white blood 

* This case is presented through the kindness of 


Dr. Carl F. Wagner. 
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cells 14,400 per cu. mm. and the erythrocyte 
sedimentation rate was 17 mm. in one hour. 
Urinalysis gave normal results. 

The patient. was hospitalized for treat- 
ment and study. Tuberculin test gave nega- 
tive results. A histoplasmin skin test gave 
positive results. Roentgen examination of the 
chest revealed enlargement of the right hilum 
and increased markings bilaterally consistent 
with pulmonary inflammatory reaction with 
hilar lymphadenomegaly. Although there was 
little febrile reaction, penicillin and chloro- 
mycetin were administered and the child was 
discharged after one week in the hospital. 

During the hospital stay blood cultures were 
made for H. capsulatum and bone marrow was 
studied by smear and culture. Blood cultures 
were negative but positive cultures of H. 
capsulatum were obtained from two separate 
marrow aspirations. Only three of twenty-six 
plates which were inoculated gave positive 
results. Complement fixation studies gave posi- 
tive results in a 1:20 dilution on several occa- 
sions and subsequently they gave negative 
results. The identification of the organism * was 
confirmed in two other laboratories. 

Clinically, the child was well but pale and 
slow in developmental behavior for about six 
months after admission to the hospital. Onlv on 
supportive treatment of a dietarv nature did she 
begin to improve, gain weight and become more 
active, and one vear later was to all appearances 
a healthy child. The shadows in the roentgeno- 
grams gradually disappeared and questionable 
calcification was noted about eighteen months 
later. 

Comment. ‘This is an example of symptomatic 
non-fatal histoplasmosis which could easily have 
been missed had not careful mycologic studies 
been made. The symptoms were minimal and in 
no way indicated strong suspicion of histo- 
plasmosis. They could easily have been over- 
looked, in which case later pulmonary calcifica- 
tion and positive skin sensitivity to histoplasmin 
would have had little definite significance. The 
finding of H. capsulatum in the bone marrow 
was almost incidental in this child, who had 
been discharged from the hospital as well fully 
two weeks before the diagnosis was established 
by the positive cultures. 

Case vi.t C. B., a twenty-three year old 


* Initial isolation performed by Miss Dorothy Artis. 
T This case is presented through the kindness of 
Dr. H. Felson. 


SEPTEMBER, 1955 


449 


married university student, was admitted to 
the Jewish Hospital on April 20, 1953, because 
of increasing fatiguability, chills and fever, 
occasional arthralgia without swelling or red- 
ness of the joints and generalized malaise. The 
illness had begun three weeks prior to admission. 
The chills and fever had subsided with treatment 
by aureomycin but the other symptoms had 
persisted. A chest film prior to admission was 
reported to show **pulmonary congestion." 

Past medical history was non-contributory. 
There had been no previous similar episodes. 
The patient had lived in the northeastern part 
of the United States all his life and had never 
been out of the country or visited the southern 
part of the United States or the West Coast. 

Physical examination revealed a well devel- 
oped and well nourished white man in no acute 
distress. Blood pressure was 130/75, pulse 96, 
temperature 99.6°F, Positive findings included 
a sharp, non-tender liver edge just palpable at 
the costal margin on deep inspiration. The 
spleen was also palpable but not tender. A few 
small, non-tender nodes were palpated in the 
anterior and posterior cervical chains and in the 
axillas. 

The clinical impression on admission was fever 
of undetermined origin. Possible etiologic 
factors included virus pneumonia, infectious 
mononucleosis, histoplasmosis or tuberculosis, 
blood dyscrasia and brucellosis. 

The patient’s nine-day hospital course was 
characterized by an intermittent fever with 
diurnal elevation of 99.8?r. in the afternoon and 
a gradual decline to 97.8?r. by the next morn- 
ing. Roentgen examination of the chest was 
reported to demonstrate enlargement of hilar 
shadows and some widening of the mediastinum. 
A battery of diagnostic procedures was under- 
taken. These included a complete blood count, 
sedimentation rate, heterophile agglutination, 
cephalin flocculation, thymol turbidity, alkaline 
phosphatase, total protein and A/G ratio, 
Van den Bergh test, prothrombin time, agglu- 
tinations for typhoid, paratyphoid, brucellosis, 
cold agglutinin titer, blastomycosis and histo- 
plasmosis complement fixation test, stools for 
culture, ova and parasites, blood cultures, bone 
marrow aspiration, and tuberculin and histo- 
plasmin skin tests. The histoplasmin skin test 
gave positive results, the sedimentation rate was 
29 mm./hour and the prothrombin time was 
60 per cent of normal; the remainder of the 
tests gave normal results except for one blood 
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Fic. 37 Case vir. Epithelioid cells and multinucleated 
giant cells with numerous intracellular organisms; 
the greater part of the lymph node was calcified 
and partially ossified; original magnification X 
800. 


culture from which H. capsulatum was isolated 
the day after the patient left the hospital, im- 
proved but with his condition no: diagnosed. At 
the time of discharge the intermittent fever per- 
sisted but the patient was subjectively better. 
Complement fixation was and stil: is (June, 1954) 
strongly positive, but fourteen months after the 
acute episode the patent is in excellent health. 

Comment. ‘This is another example of sympto- 
matic non-fatal histoplasmosis in which the 
diagnosis would have been missed without 
mycologic cultures. Clinically, the patient had a 
mild to moderate fever of unknown origin from 
which recovery was taking place at a time when 
H. capsulatum were present in his blood stream. 

Case vi. B. J. S., an eleven year old white 
girl, was admitted to the hospital for surgical 
treatment of a patent ductus arteriosus. The 
clinical history and physical findings were typical 
for uncomplicated patency of the ductus 
arteriosus. The examining physician did elicit a 
history of recurrent *'bronchitis" as a younger 
child. The anticipated treatment was carried 
out successfully and the patient is now clinically 
normal. 

In preoperative roentgenograms of the chest, 


in addition to characteristic features of the 
cardiac malformation, a calcification was noted 
in intimate relationship to the dilated pul- 
monary artery. (Fig. 18.) Because of its accessi- 
bility to the area of surgery, the calcifying lymph 
node was removed by the surgeon at our request. 

The lymph node measured approximately 12 
by 8 by 6 mm. and was in its major part calci- 
fied. Microscopically (Fig. 37), numerous and 
fairly large foci of calcification were surrounded 
by areas with active granulomatous prolifera- 
tion. There were small foci of histiocytic prolifer- 
ation and a small number of multinucleated 
giant cells were seen. There was also caseation 
between the calcific masses. Occasional giant 
cells and histiocytes contained numerous organ- 
isms which were morphologically consistent 
with H. capsulatum. The culture from the lymph 
node and injection of the material into eight 
mice and reculture gave negative results, 
which probably reflects the fact that the organ- 
isms were not viable. 

Comment. ‘This patient illustrates the inap- 
parent form of the disease for which positive 
proof in the past has been lacking or at best 
very scarce. It might be inferred, from evidence 
derived from the roentgenograms of intra- 
theracic calcification in this tuberculin-nega- 
tive, histoplasmin-positive child, that the cal- 
cification and skin sensitivity were due to 
histoplasmosis, but in the absence of cultural 
or histologic proof this common combination of 
observations would have onlv statistical support. 


SUMMARY 


Histoplasmosis, once an *obscure" fungus 
disease, is recognized with increasing frequency, 
especially in the endemic area comprising Ohio, 
Kansas, Missouri, Indiana, Illinois, Kentucky 
and Iowa. 

Ihe disease is most frequently acquired by 
inhalation of spore-containing dust. The organ- 
ism has been repeatedly recovered from soil and 
has given origin to local outbreaks in the form of 
small epidemics. 

Hepatosplenomegaly and anemia with leuko- 
penia occur in children. A picture very similar 
to any pulmonary disorder caused by tuber- 
culosis is found in adults. Ulcerations in the 
oronasal region seem to be quite prevalent in 
adults. 

The pathology of the disease 1s characterized 
by invasion of histiocytic elements by the 
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organisms. These multiply within the cells, 
which may become greatly enlarged. A produc- 
tive and exudative response to the organism may 
be observed in many organs. 

The skin test is an excellent epidemiologic 
tool and may also call attention to the possi- 
bility of histoplasmosis i in clinical practice. How- 
ever, only identification of the organism can be 
accepted as conclusive proof of disease, although 
a positive complement fixing test, especially with 
rising titer, contributes to a presumptive 
diagnosis. 

lhe organism can be cultured successfully 
from many sites but bone marrow and blood 
are preferred. Sputum, bronchial washings and 
gastric lavage generally have to be injected 
into mice in order to avoid overgrowth by con- 
taminating organisms. Liver and other biopsies 
may be decisive in establishing the diagnosis. 

The mycologic diagnosis can be established by 
demonstration of the tuberculate spores pro- 
duced at room temperature; the change of phase 
is an essential determinant in confirming the 
diagnosis. Sabouraud's glucose-agar or blood- 
agar are ideal media for isolation and identifica- 
tion of the organism. 

Histoplasmosis has been found in several 
lower animals. In the laboratory, mice are ideal 
experimental subjects both for primary isolation 
and virulence studies. 

No specific treatment is at present available; 
the value of surgical removal of lung lesions will 
have to undergo the scrutiny of time. If current 
estimates that 20 to 30 million people in the 
United States have histoplasma infections are 
correct, the magnitude of the problem becomes 
obvious. It is also apparent that histoplasmosis 
is a benign disease which only in exceptional 
cases becomes symptomatic and dangerous. 

Seven hitherto unreported cases are de- 
scribed. In the endemic area many patients, 
upon initia examination, reveal active or 
healed lung lesions in the presence of positive 
histoplasmin and negative tuberculin reactions. 


ADDENDUM 
Since the preparation of this paper several 
other proved cases of histoplasmosis have been 
encountered. Among them was a fifty-five year 
old negro who had had cough and hemopty Sis 


for one year associated with marked loss of 


weight. Studies for tuberculosis gave consist- 
ently negative results; material removed on 
bronchoscopy, by biopsy and by suction demon- 
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Fic. 38. Man, age 55; proved histoplasmosis, chronic 
progressive type; cough, hemoptysis and weight loss 
for one year; carcinoma of lung also present; H. 
capsulatum apparent from sputum and gastric lavage 
by culture. 


strated carcinoma, but cultures and animal 
inoculation of the same material revealed Histo- 
plasma capsulatum. Roentgen examination of the 
chest disclosed widespread densities in the upper 
portions of both lungs and definite cavitation. 
(Fig. 28.) This case is typical of the chronic 
progressive form in adults and is an example of 
histoplasmosis complicating other chronic lung 
disease, in this instance, carcinoma. The dis- 
covery of this and several other cases not in- 
cluded, further emphasizes that careful myco- 
logic studies are necessary in the endemic area 
to permit recognition of the role played by H. 
capsulatum in morbidity and mortality. 
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Spontaneous Hypoglycemia’ 
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Ann Arbor, Michigan 


physicians that periodic spontaneous hypo- 
glycemia is the cause of significant and 
sometimes alarming symptoms in a relatively 
large number of patients. A widespread diag- 
nostic awareness of the “hypoglycemic syn- 
drome” as a cause of periodic symptoms has been 
finally induced as the result of a number of 
reviews!" on the subject published during the 
past twenty years. Whereas formerly many such 
patients went undiagnosed because hypo- 
glycemia was not considered, the diagnosis is 
now being made promiscuously and without 
the supporting evidence necessary to establish it. 
This presentation has four major purposes: 
(1) to outline again the whole problem, incor- 
porating recent additions to our knowledge 
and rejecting discredited concepts; (2) to 
demonstrate the clinical usefulness of a few 
‘simple but rigid criteria in establishing the 
specific etiologic diagnosis in more commonly 
encountered and confusing types of spontaneous 
hypoglycemia; (3) to discuss rational therapy 
for the various types, based upon present con- 
cepts of the abnormal mechanism which pro- 
duces hypoglycemia in each instance; and (4) to 
attempt to prevent unnecessary pancreatic 
explorations and subtotal pancreatectomies in 
patients who exhibit no indication for such 
procedures, 


I has gradually became apparent to most 


DEFINITION OF SPONTANEOUS HYPOGLYCEMIA 


Spontaneous hypoglycemia is not a disease. It 
is an indication of a derangement in the over-all 
utilization of carbohydrate in which glucose 
has been removed from the blood at a rate faster 
than it has been replenished, with a resultant 
depression of the blood sugar to an abnormally 
low level. As will be indicated later, many 


organic and functional lesions exist, any one of 
which is capable of increasing the rate of re- 
moval of glucose from the blood and/or of 
decreasing its rate of entry into the blood. 
Recognition of th:s fact constitutes the first step 
toward an intelligent appraisal of the mechanism 
by which hypoglycemic episodes are produced 
in any given patient. 

By definition the term excludes hypoglycemia 
induced by the administration of exogenous 
insulin, but in the evaluation of the patient 
suffering from spontaneous hypoglycemia the 
possibility of a factitious cause (self-administra- 
tion of insulin) must always be in mind. Also, by 
definition, the term excludes the concept of 
“relative hypoglycemia” which has crept into 
the literature to cause confusion in both diag- 
nosis and management. Patients with vague 
emotional or gastrointestinal symptoms whose 
blood sugar levels, either when symptomatic or 
in the course of a glucose tolerance test, remain 
essentially normal are said to have “relative 
hypoglycemia."3-1? It is implied that such 
individuals are unusually sensitive to minor 
depressions of blood sugar values. In all patients 
with unequivocal spontaneous hypoglycemia, 
low blood glucose values (below 55 mg. per cent 
by the Folin-Wu method,!! or below 40 mg. 
per cent by the Somogyi-Nelson method?) 
can be demonstrated repeatedly. The condi- 
tions under which such diagnostic levels 
occur will aid greatly in disclosing the nature 
of the abnormality. 

It should be clear now that spontaneous 
hypoglycemia and hyperinsulinism are not 
synonymous terms. The former is the generic 
term. It includes all clinical situations in which 
the blood sugar may fall to abnormally low 
Jevels spontaneously. The term hyperinsulinism 
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is confined to those types of spontaneous 
hypoglycemia in which an absolute increase in 
the production of endogenous insulin is believed 
to occur. 


1 


SYMPTOMS OF HYPOGLYCEMIA 


Unusual manifestations of hypoglycemia as. 


well as their relation to the actual level of the 
blood sugar have often caused confusion in 
diagnosis. At opposite poles of the spectrum of 
symptoms are two distinct clinical pictures. The 
appearance of one pattern or the other, or,of a 
combination of the two, is determined not only 
by the level of the blood sugar but also by the 
rate at which it has fallen and the duration of the 
hypoglycemia. If the rate of fall in blood sugar is 
rapid, the predominant early symptoms are 
those produced by compensatory hyperepineph- 
rinemia. This mechanism represents an attemp: 
to restore normal blood glucose levels by accel- 
erating hepatic glycogenolysis.!* The symptoms 
are those which are observed during a mild 
reaction after administration of too much scluble 
insulin, and consist of sweating, weakness, 
hunger, tachycardia and “inward trembling.” 
Conversely, if the blood sugar falls slowly to low 
levels over a period of many hours, the mani- 
festations are cerebral in type:'* headache, 
visual disturbances, mental confusion, coma and 
convulsions. If the decrease in blood glucose is 
rapid, profound and persistent, the initial 
symptoms due to excessive circulating epineph- 
rine merge with those of cerebral hypoglycemia. 

When the blood sugar concentration remains 
low for most of the twenty-four-hour period, a 
situation which may occur in organic hyper- 
insulinism, the manifestations of hypoglycemia 
may be so bizarre as to be completely mislead- 
ing.5 Any aspect of the entire range, of neurologic 
or psychiatric disorders may be mimicked, 
including sensory or motor loss of an extremity, 
hemiplegia, outbursts of temper, extreme de- 
pression or apparent catatonic schizophrenia. 
Despite the atypical nature of symptomatology 
in some individuals, it is of interest that the 
same complex of symptoms tends to recur in the 
same patient. In our experience periodicity cf 
symptomatology represents a more important 
diagnostic hint of underlying hypoglycemia 
than the specific type of complaint which is 
offered. The repetitive nature of the complaint 
occurring at fairly specific times during th= 


twenty-four-hour period, should arouse suspi- 


cion. The demonstration of hypoglycemia during 
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an attack, together with dramatic relief of 
symptoms with intravenously administered glu- 
cose, establishes only the non-specific diagnosis of 
spontaneous hypoglycemia. The specific etio- 
logic diagnosis must now be established if 
rational and effective therapy is to be applied. 


CLASSIFIGATION OF SPONTANEOUS HYPOGLYCEMIA 


It is beyond the intent of this presentation to 
attempt to discuss the body's complex physio- 
logic mechanisms which, when properly inte- 
grated, result in normoglycemia. Mention of 
the more important tissues, organs and endocrine 
glands involved is sufficient to impress one with 
the multiplicity of possible aberrations which 
can upset the delicately balanced level of blood 
sugar. The list includes the central nervous 
system, the autonomic nervous system, the 
gastrointestinal tract, kidneys, liver, muscles, 
pancreas, adenohypophysis, adrenal cortex and 
medulla, and the thyroid. 

Table 1 presents a classification . of spon- 
taneous hypoglycemia based upon etiologic 
factors. Some of the situations listed are asso- 
ciated only rarely with, hypoglycemia, but are 
included for purposes of more complete classi- 
fication. The more commonly encountered types 
will be discussed in detail. 

H TABLE I 
ETIOLOGIC CLASSIFICATION OF SPONTANEOUS HYPOGLYCEMIA 
- (Enlarged from original. !5) 
1. Organic recognizable anatomic lesion 
A. Hyperinsulinism 
1. Pancreatic islet cell adenoma’ 
. Single 
. Multiple 
. Aberrant 
. Associated with adenomas of other 
endocrine glands  (parathyroid,!9 
anterior pituitary?!) 
e. Pancreatic islet cell “suspiciously 
malignant” adenoma (localized) 
2. Pancreatic islet cell carcinoma (with 
metastases) 577 
3. Generalized hypertrophy and hyperplasia 
of the islets of Langerhans!* ?? 
B. Hepatic disease 
. Ascending infectious cholangiolitis?! 
. Toxic hepatitis?? ?* 
. Diffuse carcinomatosis?* ?? 
. Fatty degeneration?! or “fatty meta- 
morphosis" 30 
5. Laennec's cirrhosis?! 9? 
6. Viral hepatitis”: 32 
7. Chronic passive congestion in congestive 
heart failure? 
8. Glycogenosis (von Gierke's disease) 95.36 
C. Anterior pituitary hypofunction 
1. Destructive lesions (chromophobe tumors, 
craniopharyngiomas) ?7 4° 
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TABLE 1 (Continued) 


2. Atrophy and degeneration (Simmonds' 
disease) 55 4* 
3. Surgical hypophysectomy 5 
4. “Pituitary myxedema” 
a. Thyroid hypofunction secondary to 
pituitary failure** 45 
b. Pituitary failure secondary to myx- 
edema‘9~ 5? 
5. Severe inanition5454 
6. Postoperative hypoglycemia®*.56 
D. Adrenocortical hypofunction 
1. Idiopathic cortical atrophy5? 
2. Destructive infectious granuloma®™ 
3. Destructive neoplasm® 
4. Congenital adrenal hyperplasia? 

E. Fibromas and sarcomas’! 

F. Central nervous system lesions (hypothalamus 
or brain stem; interference with nervous con- 
trol of blood sugar)9? 9? 

u. Functional—no recognized anatomic lesion, but ex- 
plainable on basis of unusual somatic furcction 

A. Hyperinsulinism (imbalance of the autonomic 
nervous system); “hypoglycemic fatigue; nerv- 
ous hypoglycemia; functional hypoglycemia, 
reactive hypoglycemia''$,98776 

B. Alimentary hyperinsulinism (rapid intestinal 
absorption) 

1. After gastroenterostomy"* 
2. After partial or total gastric resection?! ^8? 

3. Hyperinsulinism of infancy (Staub-Traugott 


phenomenon)5! 

D. “Idiopathic spontaneous hypoglycemia of 
infancy"?! 

E. Renal glycosuria (severe degrees of low renal 


threshold for glucose)?? 
. Lactation9456 
. Severe continuous muscular workt$ 
ui. Factitious (surreptitious insulin administration)?? ^9? 


Q rj 


As an initial approach to placing a given 
hypoglycemic patient into his proper category 
etiologically, we have found it helpful to classify 
spontaneous hypoglycemia in still another way: 
the fasting hypoglycemias, the stimulative 
hypoglycemias, and those types in which both 
phenomena are demonstrable. 

I. Fasting hypoglycemia: In this group the 
lowest level of blood sugar of the twenty-four- 
hour period is always obtained after the longest 
period without food. This usually means just 
before breakfast, providing a three-meal sched- 
ule is being followed during the day. 


Hepatogenic hypoglycemia 
Anterior pituitary insufficiency 
Adrenal cortical insufficiency 
Central nervous system lesions 
Fibromas and sarcomas 

Severe renal glycosuria 
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II. Stimulative aypoglycemia: This group ex- 
hibits consistently normal levels of the fasting 
blood sugar. It is two to four hours after the 
beginning of absorption of carbohydrate that 
hypoglycemia occurs. Measures designed to 
prevent the postorandial rise of blood sugar 
abolish the secondary hypoglycemic dip which 
follows it. 


. Functional hyperinsulinism 
. Alimentary functional hyperinsulinism 
. Hyperinsulinism of infancy 


W bo e 


IM. 


cemia: 


A 


Combined fasting and stimulative hypogly- 


. Organic hyperinsulinism 

. “Tdiopathic spontaneous hypoglycemia 
of infancy’ 7 
Factitious (exogenous hyperinsulinism) 


Noe 


lod 


DETERMINATION OF ETIOLOGY IN THE INDIVIDUAL 
CASE 


It will be clear from reviewing the etiologic 
classification that in most of the causes listed 
spontaneous hypoglycemia represents but one 
facet of an obvious clinical entity which is 
usually easily recognized. Thus.one scans the 
patient first for clinical signs of adrenal or 
pituitary insufficiency, for central nervous sys- 
tem damage, for an abdominal scar which might 
indicate a gastric operation, for lactation or renal 
glycosuria, etc. Much less obvious is the rare 
case of self-administration of insulin. This 
possibility should come to mind when the pa- 
tient is a nurse, Dhysician, diabetic or a close 
relative of a diabetic who takes insulin. The 
suspicion is heightened when severe hypo- 
glycemia occurs at unexpected times and with- 
out similarity of time pattern from day to day. 
The etiologic factors mentioned in this para- 
graph, however, represent the cause of sympto- 
matic hypoglycemia is less than 15 per cent of 
the total number of cases encountered. 

From the point of view of apparent difficulty 
in differential diagnosis, three causes of spon- 
taneous hypoglycemia stand out and together 
they account for about 80 per cent of all cases. 
They are (1) functional hyperinsulinism, (2) 
organic hyperinsulinism and (3) hepatogenic 
hypoglycemia. Functional hyperinsulinism is 
the most common cause of symptomatic hypo- 
glycemia and appears to be a psychosomatic 
disorder. The hypoglycemia, however, can be. 
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controlled by rigid adherence to a high proteir, 
low carbohydrate diet. Organic hyperinsulinisra 
requires surgery. In this condition hypoglycemia 
is intensified by a diet low in carbohydrate and is 
only temporarily alleviated by one high in 
carbohydrate. Proper differential diagnosis 


463 
is all that can be offered. Occasionally, removal 
of the source of a chronic, active, ascending 
cholangiolitis (cholecystectomy) results in re- 
markable improvement in hepatic function with 
relief of fasting hypoglycemia.?! 

In attempting to differentiate these three im- 


TABLE II 


Fasting Blood Sugar 





Glucose Tolerance 


Clinical Course ' 





À Curve 
Type of Liver 
H lycemia ic- i 
a aa Standard pod Eu After Standard HBRORUE Progression and Time 
Diet Hour Fast Die:ary Preparation of Attacks 
Functional Normal Normail* Norraal fasting blood | Normal Not progressive in severity; 
hyperinsulinism sugar; sharp fall to more frequent under emo- 
hypoglycemic levels tional or physical tension; 
between 2nd and 4th relief by vacations, etc.; 
hours no prebreakfast attacks; 
attacks 2 to 4 hours after 
meals; no effect of skipped 
or late breakfast 
Organic Subnormal: | Subnormal: Subrormal fasting Normal Progressive in frequency and 
hyperinsulinism | usually always below | blood sugar; low severity; prebreakfast at- 
below 40 mg. %; level curve; sharp tacks frequent from 2 A.M. 
50 mg. % | usually below | fall to very low to 8 A.M.; attacks 2 to 4 
30 mg. % levels between 2nd hours after meals; attacks 
and 5th hours precipitated by skipped or 
late meals, or exercise 
Hepatogenic Subnormal: | Subnormal: Subrormal fasting Usually Progressive in frequency and 
hypoglycemia often always below | blocd sugar; hyper- |- markedly severity; prebreakfast the 
below 40 mg. %; glycemic plateau “diminished | time of most frequent oc- 
50 mg. % | often below curve with glyco- currence, 2 A.M. to 8 A.M.; 
30 mg. % suria; gradual fall to daytime attacks rare unless 


hypoglycemic levels 
in 4 to 7 hours 


precipitated by skipped 
meal; sometimes clinical 
evidence of hepatic disease 





* During 3 days of severe carbohydrate restrictior most normal people show fasting blood sugar levels of 50 to 


60 mg. 95 (Somogyi). 
T See text. 


of these two conditions results in selection 
of the proper patient for exploration cf the 
pancreas, and avoids unnecessary subtotal 
pancreatectomies in those who had no indica- 
-tion for surgery in the first place. 

Hepatogenic hypoglycemia may be acute and 
transient or chronic and persistent, dependinz 
upon the etiology of the diffuse hepatic lesion. 
'The prognosis is dependent upon the etiology cf 
. the hepatic lesion. In most cases dietary contral 
of the hypoglycemia (high protein, high carbo- 
hydrate diet with an extra feeding at bedtime 
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portant causes of spontaneous hypoglycemia, we 
have found the following guides to be of greatest 
value: (1) the history and clinical course of the 
disturbance; (2) the level of the fasting blood 
sugar: (a) on an average intake of carbohydrate, 
(b) upon restriction of carbohydrate or after a 
period of fasting; (3) the results of a glucose 
tolerance test performed after standard dietary 
preparation;?! (4) the results of a battery of liver 
function tests. 

Table u summarizes the usual distinguishing 
characteristics among the three types, and 
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Figure 1 illustrates the characteristic oral glucose 
tolerance curve obtained in each. 


CHARACTERIZATION AND MANAGEMENT OF SOME 
OF THE TYPICAL CLINICAL SYNDROMES WITH 
ILLUSTRATIVE CASES 


Functional Hyperinsulinism 


This is the only really common form of 
spontaneous hypoglycemia, and accounts for 
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Fic. 1. Glucose tolerance curves in spontaneous 
hypoglycemia (three types). 


about 70 per cent of all cases. Synonyms em- 
ployed by various authors for this type of 
spontaneous hypoglycemia include: “‘hypo- 
glycemic fatigue,” "(nervous hypoglycemia,” 
“functional hypoglycemia” and *'reactive hypo- 
glycemia.” The term functional hyperinsulinism 
seems preferable to us because it defines the most 
probable mechanism by which the hypoglycemia 
is produced.!5 All who have studied the problem 
agree that the disorder involves a disturbance 
in the finer regulation of the blood sugar by the 
vegetative nervous system. 

Insulin-producing pancreatic islet cells secrete 
in response to a rising concentration of arterial 
blood sugar. ??-* The influence of the autonomic 

nervous system upon this mechanism has re- 
ceived little study although vagal effects are 
probably important.**%> Until more information 
is available on this point, we choose to regard 
an increased vagal effect as increasing the 
sensitivity and responsiveness of the insulin- 
producing cells to a given rise of arterial blood 
sugar. Functional hyperinsulinism is thus con- 
sidered to represent a hypersensitivity and an 
excessive responsiveness of histologica:ly normal 
islet cells to the normal stimulus for insulin 
secretion. Under these circumstances a normal 
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postprandial rise in blood sugar elicits an 
excessive secretion of insulin. The existence of 
concurrent emotional tension in such patients is 
beyond dispute. Demonstration that the post- 
prandial secondary hypoglycemia exhibited by 
these patients is actually associated with hyper- 
insulinemia must await an accurate method for 
assaying circulating insulin. 

The general physiologic and psychologic 
status of individuzls subject to attacks of func- 
tional hyperinsulinism is interesting. They are 
intense, driving and intensely conscientious. 
They typify the so-called “‘vagotonic personal- 
ity.” 68171 They are zotal hyper-responders, gastric 
hyperacidity and vasomotor instability being 


' frequent concurrent manifestations of a general 


instability of the vegetative nervous system. 
Some authors have emphasized the obvious 
psychosomatic aspects of functional hyper- 
insulinism.9?759? In many of these patients it is 
abundantly clear that after having established 
functional hyperirsulinism as a major cause of | 
symptomatology, one is forced to make the 
additional diagnosis of an anxiety state. How- 
ever, it is of practical importance to the patient 
that the hypoglycemia, which often produces his 
most iroublesome symptoms, can be controlled 
by dietary means when environmental tensions 
persist. 

Clinical Characteristics. 1. Relation of attacks to 
meals: 'The hypog.ycemia is purely stimulative 
(postprandial) in type. It never occurs in the 
fasting state. Prebreakfast attacks do not occur, 
nor do symptoms develop during the morning 
when the patient omits breakfast. Symptoms 
occur only after meals and usually appear in 
two to four hours. The periodicity of symptoms 
in relation to time comprises the most helpful 
clue to the underlving disturbance. 

2. Character of the symptoms: ‘The manifesta- 
tions of functional hyperinsulinism are essen- 
tially those of hyperadrenalinemia: weakness, 
hunger, “inward trembling,” sweating and 
tachycardia. They are usually mild and transi- 
tory, often subsiding within fifteen or twenty 
minutes. Although early symptoms of cerebral 
hypoglycemia may supervene (diplopia, con- 
fusion, faintness, “black out spells"), it is a 
differential diagncstic point of great value that 
actual loss of consciousness or convulsions never 
occur in functional hyperinsulinism. 

3. Progression of symptoms: In contrast to the 
intensification of symptoms with time observed 
in organic hyperinsulinism and hepatogenic 
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hypoglycemia, the manifestations of functional 
hyperinsulinism are not progressive. They 
tend to vary in proportion to the magnitude and 
persistence of environmental pressures. 

4. The glucose tolerance test: The oral glucoze 
tolerance curve is pathognomonic (Fig. -) 
providing that standard dietary preparation is 
employed.?' The fasting blood sugar is alwavs 
normal, as is the absorptive rise. The secandary 
hypoglycemic phase, however, is rapid ard 
profound. Unless levels below 40 mg. per cent 
(true blood sugar) can be demonstrated, the test 
is not regarded as diagnostic. It is imperative 
that blood samples be obtained at half-hour 
intervals after the second hour of the test for two 
additional hours. Almost invariably the patient's 
characteristic symptoms occur during the test, 
and the time of symptoms coincides with the 
time that hypoglycemia occurred. 

Illustrative Case. Patient N. P., atwentv-eigat 
year old single, female, art teacher, was admitted 
on April 16, 1954, complaining of recurrent spe Is 
of sleepiness and epigastric pain of three years' 
duration. These occurred usually late in the 
morning or afternoon, but occasionally about 
9 p.m. They were accompanied by sweating, 
"inward tremor," weakness and a sense of loss of 
contact with her surroundings. Palpitation was 
noted during some episodes, and blurred vision 
during others. Attacks usually lasted fifteen to 
twenty minutes and, although she had “almcst 
blacked out" several times, actual loss of coa- 
sciousness had never occurred. The patieat 
recognized a definite correlation between the 
frequency of attacks and physical or emotional 
exhaustion resulting from excessive hours of 
work. Benzedrine had afforded no relief of 
symptoms. For a three-month period, however, 
she had noted relative freedom from spells wh_le 
following a self-devised high protein diet divided 
into six feedings daily. Symptoms recurred 
promptly after returning to a normal three-meal 
diet. Except for these episodes she considered 
herself to be entirely well. 

On physical examination the patient’s general 
health appeared to be excellent. Her personal:ty 
pattern was an admixture of intense, driving 
energy and effusive, pleasant and outwarcly 
calm demeanor. She blushed frequently aad 
large areas of vasodilatation on neck and chest 
remained after facial flushing disap peared. 
Dermatographia was demonstrable. The palms 
were cool and clammy. The remainder of the 
examination revealed nothing abnormal. 
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After standard dietary preparation for three 
days, the glucose tolerance curve was as follows 
(Fig. 2): fasting, 59 mg. per cent (Somogyi); one 
hour, 148 mg. per cent; two hours, 92 mg. per 
cent; two and one-half hours, 53 mg. per cent; 
three hours, 22 mg. per cent; three and one-half 
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Fic. 2. Glucose tolerance curves in functional hyper- 
insulinism and in alimentary functional hyper- 
insulinism. 


hours, 46 mg. per cent; four hours, 74 mg. per 
cent. Following the two and one-half hour sam- 
ple the patient noted the onset of weakness and 
shakiness,- which partially subsided after the 
third hour but persisted to some extent until she 
had lunch: after completion of the test. 

A diagnosis of functional hyperinsulinism was 
apparent, but in order to rule out the unlikely 
possbility that symptoms were caused by a 
functioning insuloma, the patient was fed a 
diet of 50 gm. protein, 50 gm. carbohydrate and 
1,200 calories for three days. On this regimen 
she remained asymptomatic, and daily fasting 
blood sugar values were: before starting the diet, 
64 mg. per cent; after twenty-four hours, 44 mg. 
per cent; after forty-eight hours, 55 mg. per 
cent; after seventy-two hours, 64 mg. per cent. 
Adherence to a therapeutic diet containing 
130 gm. of protein, 75 gm. of carbohydrate and 
maintenance calories resulted in prompt and 
sustained relief of all major symptoms. 

Management. Curtailment of excessive post- 
prandial production of insulin by minimizing the 
postprandial rise in blood sugar eliminates the 
secondary hypoglycemia. Early methods of 
treatment helped to establish this concept. Low 
carbohydrate, high fat diets with frequent 
feedings??? or administration of ten units of 
soluble insulin thirty minutes before each 
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meal’? were partially effective but unwieldy 
and impracticable. 

In 1936 experimental and clinical data were 
reported? indicating the singular advantage of a 
diet high in protein in the management of these 
patients. In the nineteen years that have ensued, 
the high protein, low carbohydrate diet has 
proved in our experience to be the most effec- 
tive form of therapy for functional hyper- 
insulinism. This has been confirmed both 
clinically ®#.7072,73,7889 and — experimentally.?? 
Depending upon the tolerance of the individual 
for protein, we prescribe diets containing 120 to 
140 gm. of protein, 75 to 100 gm. of carbo- 
hydrate and maintenance calories. This is given 
as three meals, the protein and carbohydrate 
allotments being divided as equally among the 
meals as is practicable. 

Portis? has attempted to circumvent the chief 
objection to this dietary regimen, the rigid 
carbohydrate restriction, by eliminating only 
foods containing rapidly absorbed "free sugar" 
and relying on atropine to block the vagotonia. 
However the amount of atropine required (gr. 
14600 to 445 three or four times a day) often 
causes side-effects as troublesome as those of 
hypoglycemia. Secondly, we have demonstrated 
that the postprandial rise of blood sugar follow- 
ing ingestion of isoglucogenic quaatities of 
polysaccharides is essentially the same as that 
produced by glucose.!?! 

Despite older reports of its occasional effi- 
cacy!05193 pancreatic resection as a therapeutic 
approach in functional hyperinsulinism is 
wrong. The only excuse for such surgery today is 
the uncommendable one that an erroneous 
diagnosis of organic hyperinsulinism was made 
preoperatively. | 


Alimentary Functional Hyperinsulinism 


Recognition of this type of spcntaneous 
hypoglycemia should present no difficulty, since 
it is seen only as a sequela of gastric surgery. 
Aside from its clinical importance, hcwever, it 
warrants discussion in some detail because it 
clarifies several points concerning the mechanism 
which produces the stimulative type of spon- 
taneous hypoglycemia. 

A final figure on the incidence of clinically 
significant postprandial hypoglycemia after 
gastric surgery is difficult to establish. Evensen’’ 
reported its occurrence in thirteen of thirty- 
seven patients following gastroenterostomy, and 
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in ten of ninety-seven patients after gastrectomy. 
Fifteen of Zollinger’s twenty-five gastrectomized 
patients with postprandial gastrointestinal symp- 
toms had symptomatic hypoglycemia, which he 
believes occurs more commonly than is gen- 
erally realized.?? Gilbert and Dunlop®! estab- 
lished its presenc2 in seventeen of forty-five 
consecutive partial gastrectomies; and over a 
three-year period Adlersberg!" saw fourteen 
patients with the postgastrectomy hypoglycemic 
syndrome. Although Welbourn?? found signifi- 
cant postprandial hypoglycemia in only a few 
of his 300 subtotally gastrectomized patients, 
Capper reported an incidence of 5.2 per cent 
in a series of 600 such patients.9?? The actual 
frequency of this type of symptomatic hypo- 
glycemia is further obscured by the fact that 
some patients are aware of such symptoms for 
but a short time following surgery, despite 
persistence of a profound hypoglycemic dip 
during subsequent glucose tolerance tests.77:9? 
Nevertheless, review of the over-all data creates 
the impression that this type of spontaneous 
hypoglycemia is next in importance numerically 
to functional hyperinsulinism. It is likely that its 
incidence will increase in parallel with the 
increasing number of gastric operations being 
performed. 

The role of the pyloric valve in the regulation 
of carbohydrate metabolism may not be ap- 
preciated until one observes the result of a by- 
passing operation. -n the normal person ingested 
carbohydrate is released through the pylorus in 
spurts. Absorption from the small intestine 
extends over a relatively prolonged period. In a 
gastrectomized individual, however, food may 
pour uninterruptedly through the stoma and 
suddenly cover a large surface of small bowel. 
Absorption of glucose is then excessively rapid 
and results in an abnormally high initial 
elevation of blood sugar. This is seen best in the 
course of an oral glucose tolerance test. (Fig. 2.) 
From a normal fasting blood sugar value a rapid 
rise to hyperglycemic levels (usually between 200 
and 300 mg. per cent) occurs within one hour. 
Since the patient has normal islet cell function, 
the initial hyperglycemic phase constitutes an 
excessive stimulus for insulin secretion which in 
turn produces a very rapid fall of the blood sugar 
to hypoglycemic levels. Evensen’’ and others”? 
have demonstrated that the same phenomenon 
occurs in normal persons to whom glucose is 
administered by intraduodenal tube. 

In Figure 2 this type of response is contrasted 
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with that seen in the usual variety of functional 
hyperinsulinism. Although the postprandial 
hypoglycemia which occurs in both groups is 
presumably the result of a sudden and a»- 
normally large release of insulin into the blood, a 
sharp distinction must be made between the 
mechanisms involved in the two situatiors. 
Functional hyperinsulinism represents an a>- 
normal response of functionally hyper-reacti-e 
islets to the normal insulogenic stimulus, since 
the initial elevation of the blood sugar is within 
normal limits. On the other hand, alimentary 
functional hyperinsulinism represents the nor- 
mal response of normally sensitive pancreatic 
islets to an abnormal insulogenic stimulus, 
namely, a very high initial elevation of the 
blood sugar level. This, then, represents a 
functional pancreatic response of a different 
type. 

The clinical manifestations of alimentary 
functional hyperinsulinism should not be con- 
fused with the well known “dumping syndrome,” 
which is also a sequela of gastroenterostomy or 
gastrectomy. When postprandial hyperosmolar 
jejunal contents draw fluid rapidly into tke 
lumen and distend it,!?* symptoms of epigastr.c 
fullness, nausea, sweating, weakness and palpita- 
tion appear within a half hour after eating and 
subside in less than an hour.!09$196 These 
symptoms are not due to hypoglycemia. A pericd 
of about an hour then elapses before the onset 
of hypoglycemia. Hypoglycemic symptoms ap- 
pear abruptly within one and a half to three 
hours after meals and are primarily those of 
hyperadrenalinemia. Occasionally, evidence of 
severe cerebral hypoglycemia (diplopia, head- 
ache and mental confusion) supervene; and rare 
instances of loss of consciousness and even com- 
vulsions have been reported.’ Not all patients 
with symptoms of the “dumping syndrome" 
have hypoglycemic episodes. 

Since this is a pure type of stimulative hypo- 
glycemia, the fasting blood sugar is alwavs 
entirely normal and prebreakfast attacks do not 
occur. 

Illustrative Case. Patient W. O., a fifty year okd 
white man, was admitted to University Hospital 
on January 26, 1954. Two years previously sub- 
total gastrectomy had been performed for 
bleeding gastric ulcer. One month postope-- 
atively he had noted the onset of attacks of 
*trembly weakness" associated with sweating, 
dyspnea and tachycardia, which usually ap- 
peared about three hours after breakfast, but 
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sometimes occurred also in mid-afternoon. 
Severe symptoms lasted but five to ten minutes, 
and subsided even more quickly if he ate some- 
thing at the onset of an episode. Attacks had 
increased in frequency but not in intensity for 
five months prior to admission. He had never lost 
consciousness during a spell. Despite a good 
appetite he had lost 6 pounds in four months. 

The patient appeared chronically ill and was 
malnourished. Height was 71 inches, weight 
114 pounds, pulse 80 and blood pressure 110/78. 
Other positive findings were a transverse epi- 
gastric surgical scar; a non-tender and smooth 
liver edge which descended 10 cm. below the 
right costal margin on deep inspiration; and a 
palpable splenic tip 4 cm. below the left rib 
margin on deep inspiration. 

Complete blood count and routine urinalysis 
were normal. Hepatogram revealed the follow- 
ing values: total serum bilirubin, 0.2 mg. per 
cent; gamma globulin, 8.2 units; thymol 
turbidity, 8.9 units; cephalin cholesterol floc- 
culation, 3-plus after twenty-four hours and 
4-plus after forty-eight hours; bromsulfalein 
retention, 1.0 per cent forty-five minutes after 
injection of dye; total serum cholesterol, 205 mg. 
per cent; total serum proteins, 6.8 per cent, with 
albumin, 4.5 per cent and globulin, 2.3 per cent. 
Barium swallow disclosed a normally function- 
ing postgastrectomy gastroenterostomy stoma, 
with no evidence of obstruction or marginal 
ulceration: 

After standard dietary preparation?! for three 
days, the patient yielded the following glucose 
tolerance curve (Fig. 2): fasting, 77 mg. per cent 
(Somogyi); one hour, 194 mg. per cent; two 
hours, 32 mg. per cent; two and one-half hours, 
16 mg. per cent; three hours, 41 mg. per cent; 
three and one-half hours, 54 mg. per cent; four 
hours, 60 mg. per cent. Just before the two-hour 
sample was drawn the patient noted the abrupt 
onset of weakness, inward trembling and sweat- 
ing, with attenuation of these symptoms in 
about fifteen minutes. The diagnosis of ali- 
mentary functional hyperinsulinism was thus 
confirmed. Postprandial symptoms were abol- 
ished within three days by a diet containing 120 
gm. of protein, 125 gm. of carbohydrate and 
maintenance calories. 

Management. A medical program designed to 
prevent abnormally rapid intestinal absorption 
of glucose eliminates the initial hyperglycemia 
and, consequently, the secondary hyperinsulin- 
ism and hypoglycemia. Excellent results have 
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been obtained with the same high protein, low 
carbohydrate dietary regimen which is used in 
functional hyperinsulinism. Symptoms are well 
controlled on a three-feeding schedule, although 
some postgastrectomy patients prefer a six-meal 
regimen. 


Organic Hyperinsulinism 


The important differential diagnostic criteria 
which separate organic hyperinsulinism from 
other forms of spontaneous hypoglycemia have 
been outlined. (Table 1.) However, a number of 
additional points in relation. to this ene 
require discussion. 

McQuarrie has recently delineated a syn- 
drome which he has temporarily named “‘idio- 
pathic spontaneous hypoglycemia of infancy.” 51 
(Table 1.) This is discussed in detail later in the 
present paper. For integrative purpcses, how- 
ever, brief reference to it must be made at this 
point. This disease is characterized by severe 
fasting hypoglycemia without a demonstrable 
organic lesion. It occurs in infancy or early 
childhood and subsides spontaneously as the 
child grows older. In the active phase of this 
disturbance the clinical and laboratory findings 
are indistinguishable from those observed in 
organic hyperinsulinism. ‘Thus it is now neces- 
sary to consider seriously the age of the patient 
before advising pancreatic exploration. Further- 
more, since pancreatic islet cell tumors do occur 
below the age of five years (although this is very 


rare), a clear-cut differential diagnosis in this: 


age group may be impossible by present testing 
methods. 

Nature of the Leston. In Howard's compilation 
of 264 hypoglycemic patients upon whom pan- 
creatic surgery had been performed,? five were 
children below the age of five years. Two of 
them harbored an adenoma, while normal islet 
tissue was present in three. Critical review of the 
data in sixteen adults whose subto:ally resected 
glands were thought to contain hyperplastic or 
hypertrophic islets, suggests that most of these 
cases had been instances of functional hyper- 
insulinism and that the rest probably harbored 
an undiscovered insuloma postoperatively. It is 
our opinion and that of others®*:*° that organic 
hyperinsulinism due to hyperplastic islet tissue 
is indeed rare in the adult. 

About 9 per cent of functioning islet cell 
tumors are malignant, the presence of metastases 
being required for a diagnosis of malignancy.*~” 
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No case of islet cell carcinoma has been reported 
below the age of eighteen.’ Thus it would appear 
that in adults about 90 per cent of cases of 
organic hyperinsulinism are due to the presence 
of one or more benign, functioning islet cell 
adenomas. It is of some interest that over 80 per 
cent of islet cell adenomas (on the basis of 
autopsy findings) are devoid of function. 5.197 

Useful Procedures in  Suspicicus or Borderline 
Cases. As has been emphasized, a diagnosis of 
organic hyperinsulinism cannot be made unless 
unequivocal fasting hypoglycemia can be dem- 
onstrated repeatedly. In most cases this phenom- 
enon is easily demonstrable even when the 
patient is ingesting a diet abundant in car- . 
bohydrate. In milder cases, however, severe 
restriction of carbohydrate mav be necessary to 
prove the existence of fasting hypoglycemia. 
Wilder’! advises a thirty-hour fasting period. 
When severe symptoms of hypoglycemia de- 
velop, requiring administration of glucose, the 
blood sugar level is expected to be 40 mg. per 
cent or less (Folin-Wu). 

As the initial approach to suspicious cases we 
employ what we have termed a “provocative 
diet" for a period of three days. This diet con- 
tains 50 gm. of carbohydrate, 50 gm. of protein, 
and a total of 1,200 calories. The patient is 
hospitalized during this period and daily fasting 
blood sugar values are determined. If an in- 
suloma is present the diagnosis is abundantly 
clear before forty-eight hours have elapsed. 
When diagnostic Eypoglycemia has not become 
evident after three days on the provocative diet, 
the patient is fasted on the fourth day. This is 
followed by two hours of vigorous exercise on a 
stationary bicycle on the morning of the fifth 
day, the patient still fasting. When we have failed 
to demonstrate fasting hypoglycemia with the 
three-day provocative diet, we have failed also 
during the subsequent procedures. We believe, 
however, that the entire procedure must be 
carried out if one is to be certain that organic 
hyperinsulinism does not exist. The importance 
of this test or a similar one95198 in distinguishing 
functional hyperinsulinism from organic hyper- 
insulinism cannot be overemphasized. 

The importance of the blood sugar lowering 
effect of exercise zs a helpful diagnostic proce- 
dure in organic hyperinsulinism has been 
emphasized by Ford.!?? He observed that a 
previously symptomatic patient may have no 
attacks, and may even tolerate a day or more of 
fasting, during the tranquillity of hospital 
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bed rest. Prolonged delay in diagnosis, rangir.g 
from months!!? to years,?? has been reported :n 
patients with suspected insuloma, in which fast- 
ing blood sugar values remained above 50 mz. 
per cent during starvation in the hospital but =n 
whom superimposed exercise was not employed. 
Nevertheless, in early or mild cases diagnostc 
criteria required for operation may rot be 
demonstrable until further progression of the 
disease has occurred. However, if rigid diagnostic 
criteria are relaxed, a large number of patients 
who harbor no insuloma will be operatec upcn 
unnecessarily; and many of them will lose a 
large part of their pancreas. 

Although the glucose tolerance curve is not 
the most important diagnostic test in organ-c 
hyperinsulinism, its value in differentiating this 
type of spontaneous hypoglycemia from othe-s 
has been deprecated unduly. Some authors®?%#8 
seem mystified by responses which vary from 
low flat curves to high plateau curves in diffe-- 
ent patients and even in the same patient. We}? 
have already demonstrated in insuloma patients 
the important alterations that can be produced 
in the glucose tolerance curve by changes in the 
antecedent diet; but another significant factor 
exists. Prolonged and continuous insulin secrz- 
tion from islet cell tumors appears to suppress 
function of the normal islets.!? The latter, 
however, can be restimulated to normal 
responsiveness by a few days of high carboh-- 
drate feeding. In the most severe cases bf 
organic hyperinsulinism in which normal isl=t 
function is maximally depressed, it may require 
a week of very high carbohydrate feedirg 
(500 gm. a day or more) to restore normal 
responsiveness. The typical glucose tolerance 
curve can then be obtained. We have demon- 
strated this to be the responsible mechanism in a 
study of chronic exogenous hyperinsulinism .n 
dogs!? as well as in an insuloma patient given 
alloxan, the result of which was destruction 3f 
beta cells of the normal islets without any in- 
fluence upon the insulin-secreting tumor.!!? 

The mechanism is of more than academic 
interest since in hepatogenic hypoglycemia the 
plateau curve cannot be depressed by high 
carbohydrate feeding. A hypoglycemic fasting 
blood sugar, followed by a high plateau curve .n 
the presence of normal liver function, does not 
require an attempt to produce the characteristic 
curve of organic hyperinsulinism by excessive y 
high carbohydrate feeding. On the other hand, 
depression of the same type of curve by high 
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carbohydrate feeding in the presence of evidence 
of hepatic impairment suggests that the cause 
of the hypoglycemia is pancreatic in origin. 

Illustrative Cases. The two brief case reports 
which follow illustrate some of the points 
discussed: 

Case 1. For two years prior to admission, 
fifty-one year old Mr. H. B. had noted progres- 
sive frequency and severity of prebreakfast 
mental confusion and late afternoon attacks of 
weakness, tremor, sweating and disorientation. 
He had had one convulsion before breakfast, and 
once had to be aroused in the morning by 
administration of glucose intravenously.. At 
4 a.m. of the first day of admission to University 
Hospital, he had a severe convulsion during 
which he sustained a fracture-dislocation of the 
left humerus. The fasting blood sugar drawn 
four hours later was 92 mg. per cent (Somogyi). 
That evening a closed reduction of the disloca- 
tion was performed under intravenous pentothal® 
anesthesia. On the standard preparatory diet, 
which contains 300 gm. of carbohydrate, fasting 
blood sugar values for the next three days were 
46, 67 and 71 mg. per cent. The following 
day a glucose tolerance test revealed: fasting, 
53 mg. per cent; one hour, 111 mg. per cent; 
two hours, 84 mg. per cent; two and one-half 
hours, 82 mg. per cent; three hours, 70 mg. per 
cent; three and one-half hours, 50 mg. per cent; 
four hours, 51 mg. per cent; four and one-half 
hours, 41 mg. per cent; five hours, 40 mg. per 
cent. The next morning the fasting blood sugar 
was 31 mg. per cent. Lunch was withheld to 
induce a short period of fasting. At 2 p.m. the 
blood sugar level was 33 mg. per cent and at 
4 P.M. it was 27 mg. per cent. The patient 
exhibited obvious mental confusion, sweating 
and tachycardia. Orange. juice relieved these 
symptoms promptly. 

The next three daily fasting blood sugar 
values, while the patient continued to eat the 
standard preparatory diet, were 31, 36 and 38 
mg. per cent. All tests of liver function gave 
normal values. The diagnosis of organic hyper- 
insulinism was now established. It is likely that 
failure to obtain diagnostic values during the 
first three days in the hospital was due to 
temporary alleviation of fasting hypoglycemia 
by the pituitary-adrenal response to the fracture. 

Aqueous ACTH (40 units intramuscularly 


three times a day) was begun in preparation for 


operation. Fasting blood sugar values for the 
next three days were 118, 109 and 111 mg. per 
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cent. À benign insuloma was excised from the 
tail of the pancreas. The patient is now well. 
Case rt... When Mr. A. H., a thirty-five year 
old white male, was admitted to University 
Hospital on September 7, 1952, he stated that 
unless he ate two sandwiches and drank two 
glasses of milk just before retiring. he did not 
wake up in the morning. He had been in 
entirely good health until May, 1950, when he 
first noted disorientation and amnesia upon 
arising after sleeping late on Sunday mornings. 
At the onset, breakfast quickly restored normal 
mental lucidity. Over the following few weeks, 
however, the frequency and severity of pre- 
breakfast mental confusion increased until 
episodes were occurring daily and persisted for 
an hour or more after breakfast. In another 
hospital, five fasting blood sugar values (Folin- 
Wu) ranged from 36 to 49 mg. per cent and one 
was 63 mg. per cent. It was noted that each 
morning the patient was confused, and on one 
of these occasions symptoms disappeared within 
five minutes after glucose was administered 
intravenously. A diagnosis of functioning islet 
cell adenoma was made and on July 29, 1950, 
the pancreas was explored. When no tumor was 
found, splenectomy and an estimated 80 per 
cent pancreatectomy were performed. Diagnosis 
on the excised tissue was islet cell hyperplasia. 
(Subsequently, Dr. C. V. Weller, University 
Hospital, reviewed sections of this material 
and reported similarly: “Increased numbers of 
islets of Langerhans with increase in size of some 
of them. Moderate hyperplasia of islet tissue"). 
Within a week postoperatively, symptomatic 
prebreakfast hypoglycemia reappeared but was 
less severe than before the operation. In Jan- 
uary, 1952, a severe attack of mental confusion 
occurred just before lunch. This responded 
slowly to ingested sugar and to intravenous 
glucose. Thereafter, frequent afternoon episodes 
accompanied by sweating, weakness and tachy- 
cardia appeared about two hours after lunch. 
One afternoon in February, 1952, he was found 
unconscious in a park. He responded to an 
intravenous injection of glucose. No further loss 
of consciousness occurred, but progressive 
frequency of prebreakfast, early afternoon and 
late afternoon attacks led to extreme introspec- 
tion regarding his ultimate prognosis. He 


entered University Hospital for further evalua- 


tion on September 7, 1952. 
Physical examination revealed no abnormali- 
ties other than moderate obesity. 
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On the standard preparatory diet for three 
days, with an additional feeding of 30 gm. of 
carbohydrate at bedtime, fasting blood sugar 
levels were 40 and 30 mg. per cent (Somogyi), 
and the glucose tolerance test gave the follow- 
ing values: fasting, 31 mg. per cent; one hour, . 
117 mg. per cent; zwo hours, 205 mg. per cent; 
two and one-half hours, 181 mg. per cent; three 
hours, 137 mg. per cent; three and one-half 
hours, 77 mg. per cent; four hours, 55 mg. per 
cent; four and one-half hours, 27 mg. per cent; . 
five hours, 36 mg. per cent. It was concluded 
that the patient still harbored a functioning 
insuloma and that exploration of the pancreatic - 
remnant was indicated. 

For three days preoperatively the patient 
was given 40 units of aqueous ACTH intra- 
muscularly every sight hours. On September 
15, 1952, the day of surgery, the fasting blood 
sugar was 73 mg. per cent. At operation it 
appeared at first tnat the tail and most of the 
body of the pancreas had, in fact, been removed. 
However, careful exploration disclosed that most 
of the body remained. On the surface of the 
body of the pancreas a reddish purple nodule 
2 cm. in diameter was observed. The nodule was 
excised, but when the frozen section suggested 
possible malignancy because of invasion of the 
capsule, the remaining portion of the body of the 
pancreas was resected. This procedure proved 
to have been unnecessary, since the final histo- 
logic diagnosis was benign islet cell adenoma. 

Moderate elevation of the fasting blood sugar 
persisted until ACTH was withdrawn com- 
pletely on the fifth postoperative day. Carbo- 
hydrate metabolism has continued to be normal 
to date (three and one-half years). 

Management. Waen the diagnostic criteria 
have been satisfied. prompt surgical removal of 
the abnormal islet cell tissue is mandatory. It 
arrests progression of a disease which can 
eventuate in (1) permanent central nervous 
system damage, 595.31411$ (2) a prolonged and. 
irreversible episode of hypoglycemic coma, 
or (3) increasing obesity which complicates 
future surgery. The opinion that delay of 
surgery might permit transformation of a 
benign adenoma to a malignancy is no longer 
held.? 

For two reasons the patient should be pre- 
pared for surgery w:th ACTH or hydrocortisone. 
The primary purpose is to elevate the blood 
sugar by inducing resistance to the activity of 
excessive quantities of insulin. Secondly, it 
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appears to us that use of steroids may preveat 
the mysterious ‘‘idiopathic hyperthermia” which 
caused five of the eighteen postoperative deatas 
in the series of cases culled from the literature 
by Howard.’ All hyperpyrexic deaths occurred 
within four days of removal of a benign adenoma. 
In the past two years a solitary insuloma has 
been excised from four patients at Universi-y 
Hospital. Three of these patients had received 
120 units of aqueous ACTH intramuscularly 
daily pre- and postoperatively and all recovered 
uneventfully from their surgery. The fourzh 
patient received no ACTH or steroids. Thirty- 
six hours postoperatively his temperature rose 
suddenly to 107?r. and he expired within tvo 
hours. No explanation for the hyperthermac 
crisis was disclosed at autopsy. This experience 
was probably nothing more than a coincidence 
but it deserves serious thought. A number bf 
theoretic possibilities exist to explain this 
phenomenon. 

At laparotomy, the surgeon can now be guided 
by the statistical data regarding the location, 
size and detectability of benign adenomas. Of 
274 functioning adenomas’ the tumors we-e 
almost equally distributed in the head, body ard 
tail. Ectopic tumors are rare and are usualy 
contiguous with the pancreas Gn the duodenal 
wall, in the splenic hilum or posterior to the 
pancreas). Functioning benign tumors are 
usually of small size, the diameter in 75 per 
cent of them ranging from 1 to 3 cm. and rare y 
exceeding 5 cm.*5 Tumors of the body and teil 
tend to lie near the anterior surface of tLe 
pancreas and to be visible or palpable; whereas 
those in the head are usually buried deep.y 
within the parenchyma.!9!!7 Adenomas are 
usually of firmer consistency than rormal 
pancreatic tissue, and are therefore palpab.e 
when not visible as purplish nodules.?° However, 
de Peyster!!i? reports three cases of soft. nonm- 
palpable tumors which were detectable oniy 
after the excised gland had been resected. 

When no tumor 1s discovered in the body or 
tail of the pancreas, the surgeon must proceed 
with a meticulous exploration of the head after 
mobilizing the second portion of the duodenum 
before he considers subtotal resection. This 
important point has been emphasized re- 
peatedly.29117.319.120 The literature contains 
many reports of tumors later removed frem tke 
head of the pancreas when symptoms persisted 
following subtotal resection. Statistically, a 
“blind” subtotal resection should remcve €2 
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per cent of the tumors. However, the post- 
operative mortality after excision of a portion of 
the pancreas. (14 per cent) was significantly 
greater than that following simple removal of an 
adenoma (9 per cent). The surgeon’s task is 
complicated further by the fact that multiple 
adenomas occur in 10 to 15 per cent of the 
cases.” 

An interesting observation, which eventually 
may be helpful to the surgeon, was made by 
McMillan. While operating upon a patient 
with organic hyperinsulinism, he obtained 
blood samples for glucose determination im- 
mediately before and thirty minutes following 
removal of suspiciously abnormal tissue; and 
awaited the results before closing the abdominal 
wound. The blood sugar rose from 131 to 258 mg. 
per cent. This made him reasonably certain that 
he had removed the adenoma. During a previous 
operation on the same patient there had been no 
such rise in blood sugar when lymphoid tissue 
had been removed instead of the insuloma. One 
might argue that the frozen section gives the 
same information, but in the case of multiple 
tumors it would not. De Peyster!!? and Dickie!” 
report similar hyperglycemia responses within 
ninety minutes following removal of a tumor. 
More observations of this kind are needed. 

If the patient refuses surgery or if great 
obesity constitutes a prohibitive surgical risk, 
alternative management should be attempted on 
a temporary basis. Hydrocortisone can then be 
employed in sufficient dosage to maintain 
normal fasting blood sugar levels. Large doses of 
steroid will be required, and should be used 
only as a temporary expedient while the patient 
is being convinced of the need for surgery or is 
being dieted down to a weight compatible with 
adequate pancreatic exploration. Large doses of 
steroids should, of course, be used to prevent 
frequent. hypoglycemic attacks produced by 
metastatic islet cell carcinomas. Alloxan has 
been unsuccessful in controlling organic hyper- 
insulinism caused by either benign!!? or malig- 
nant islet cell tumors.!?*?3?^* Administration of an 
extract of the adenohypophysis, which produced 
permanent diabetes with islet cell degeneration 
in dogs, intensified the hypoglycemia in two 
patients with organic hyperinsulinism.!?* 


Hepatogenic Hypoglycemia 


Proper perspective is required in assessing the 
role of liver disease as a cause of hypoglycemic 
episodes. In relation to the large total number of 
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patients with severe hepatocellular disease, those 
who exhibit symptomatic hypoglycemia are few. 
Nevertheless, the absolute number is probably 
considerably larger than is generally appre- 
ciated. This view is strengthened by reports that 
previously unsuspected hypoglycemia of hepatic 
etiology was the principal cause of symp- 
toms in several situations in which attention 
had been focused upon more obvious clinical 
manifestations. ?? 34 


Hepatogenic hypoglycemia was first recog- . 


nized in patients with advanced and irreversible 
lesions of toxic or neoplastic nature.?223,26—27 
Similar cases are still described.?8 Hypoglycemia 
as the dominant cause of symptoms in some 
patients with reversible hepatocellular lesions 
has been established.?^?* Recent reports that 
profound hypoglycemia can precipitate mental 
torpor masquerading as “hepatic coma" in 
Laennec’s cirrhosis? or as “cerebral anoxia” in 
the chronic passive congestion of heart failure, ** 
lend credence to the view that many cases of 
hepatogenic hypoglycemia are not recognized. 

The clinical and laboratory criteria required 
for a diagnosis of hepatogenic hypoglycemia 
have been outlined in Table n. The character- 
istic response to ingested glucose is demonstrated 
in Figure 1. Impairment of hepatic glycogenesis 
as well as of hepatic glycogenolysis account for 
the disturbance of carbohydrate metabolism in 
the advanced case.?! Fortunately, these functions 
are maintained in the majority of patients with 
hepatic disease for a longer time than are 
many of the other functions for which tests are 
available. From a diagnostic point of view three 
elements stand out as the critical ones: (1) in- 
ability to tolerate fasting or low carbohydrate 
feeding without severe hypoglycemia; (2) evi- 
dence, from multiple tests, of diffuse hepato- 
cellular disease; and (3) a plateau glucose 
tolerance curve not brought down by prepara- 
tion with diets very high in carbohydrate. In 
rare instances in which organic hyperinsulinism 
occurs in a patient with severe hepatic disease, 
the differential diagnosis will be difficult indeed, 
if not impossible. 

In severe acute hepatic lesions of infectious or 
toxic etiology when hypoglycemia is present, 
recovery of the blood sugar regulatory functions 
of the liver may be expected to parallel restora- 
tion of other hepatic functions.?1:32,34 

Illustrative Case. In September, 1951, I. Ra 
thirty-two year old housewife, noted the onset of 
weakness, ease of fatigue, and stabbing post- 
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prandial upper abdominal pain. Anorexia and 
ch-onic nausea developed. Jaundice appeared 
five weeks after the onset of symptoms, and was 
associated with pruritus, dark urine and clay- 
co.ored stools. X-rey examination elsewhere led 
to a diagnosis of obstructive gallbladder disease. 
At laparotomy the gallbladder was reportedly 
enlarged and thickened; and although it con- 
ta:ned no stones or gravel, cholecystectomy was 


. performed. Postoperatively the jaundice, pruri- 


tus and anorexia abated for several weeks, but 
al. symptoms recurred with progressive intensity. 
Episodes of colicky right upper quadrant pain 
occurred, radiating to the right scapular area. 
Total loss of weigh: from the onset of illness was 
2C pounds. On March 4, 1953, the patient was 
acmitted to University Hospital. 

Except for intense jaundice she appeared 
neither acutely nor chronically ill. The oral 
temperature was 9€.6°r., pulse 92, blood pressure 
110/70, height 67 inches and weight 168 pounds. 
A soft, sharp, tender liver edge was palpable 
6 cm. below the right costal margin on deep 
inspiration. The spleen was not palpable. 

The only abnormalities in routine blood and 
urine studies were a positive Harrison spot test 
fo^ bilirubin and a moderate increase in urine 
urobilinogen. The stool was light brown in color. 
Lrver function tests revealed the following 
velues: total serum bilirubin, 37.4 mg. per cent, 
w:th one-minute direct bilirubin, 14.1 mg. per 
cent, thirty-minute direct bilirubin, 23.2 mg. per 
cent and indirect bilirubin, 14.2 mg. per cent; 
gemma globulin, 33.0 units; thymol turbidity, 
15,7 units; cephalin cholesterol flocculation, 
4-plus after both twenty-four and forty-eight 
hours; total serum cholesterol, 42 mg. per cent, 
2£ per cent of which was esterified; prothrombin 
ccncentration, 27 rer cent; alkaline phosphatase, 
11.8 King-Armstrang units; total serum protein, 
6.1 gm. per cent, with albumin, 2.9 gm. per 
cent and globulin, 3.2 gm. per cent. 

Strict bed rest, a diet high in protein and 
cerbohydrate, anc vitamin supplements were 
prescribed. On the seventh hospital day the 
patient complained of nausea in the morning. 
Consumption of food on this day was negligible. 
A= 3:45 p.m. she noted the abrupt onset of 
weakness, faintness, sweating and trembling. 
B.ood pressure was 136/66, pulse 100. A blood 
sample for glucose determination was ob- 
tained and 50 fer cent glucose was given 
irtravenously. The symptoms disappeared at 
omce. The blood sugar level at the time of 
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symptoms was 23 mg. per cent. The followirg 
morning the fasting blood glucose was 52 mg. 
per cent. Two months after the hypoglycem:c 
episode the fasting blood sugar was 83 mg. per 
cent. Convalescence was slow and without 
relapse, but two full years passed before all tests 
of liver cell function had returned to normal. 
The etiology of the profound hepatocelluler 
damage was presumed to be viral. It is interest- 
ing to speculate, in passing, that temporary 
relief of the jaundice following cholecystectomy 
was associated with a “stress-induced” activa- 
tion of the pituitary-adrenal system. 
Management. In most cases dietary managz- 
ment is all that can be offered. The high 
carbohydrate, high protein diet generally prz- 
scribed in hepatocellular disease, but with the 


addition of a bedtime meal to shorten the longest . 


fasting period of the day, eliminates the hypo- 
glycemic attacks which usually occur before 
breakfast. In the rare instance in which liver cell 
damage is secondary to an active ascendirg 
biliary tract infection, cholecystectomy my 
result in sufficient return of hepatic function -o 
ensure normal carbohydrate metabolism.?! 


Idiopathic Spontaneous Hypoglycemia of Infancy aad 
Childhood 


Perhaps the most interesting recent develo»- 
ment in this field is McQuarrie’s careful delinea- 
tion of the most common form of spontaneos 
hypoglycemia encountered in early childhood.*! 
Not only does his analysis explain the myste-y 
of the many older reports of infantile hyp- 
glycemic convulsions in the absence of a 
detectable organic lesion,^!14!!5 but it also 
affords a simple and effective substitute for 
subtotal pancreatectomy. 

The virtually complete absence of alpha ce_ls 
in the islets of two young siblings suffering from 
hypoglycemic attacks led McQuarrie orizinally 
to postulate a congenital deficiency of tae 
hyperglycemic-glycogenolytic “alpha cell fec- 
tor" (glucagon) as the etiologic lesion. s Tre 
validity of this concept has been shaken, how- 
ever, by failure to find a paucity of alpha cells in 
pancreatic biopsies obtained from subsequent 
patients. Properly, McQuarrie is unwilling naw 
to localize the primary lesion to the pancreacic 
islets, because of the possibility that a pituitary 
insulotropic principle!^* or a hypothalamic ab- 
normality!27 may be the stimulus causing 
hyperinsulinism. Examination of his data leaves 
little doubt that this is a type of hyperinsulinism 
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(relative or absolute) indistinguishable from 
that caused by islet cell tumors in adults. The 


‘hypoglycemia is of the fasting variety, but in 


addition the glucose tolerance test demonstates 
the stimulative component, namely, a sharp 
secondary postprandial hypoglycemia. Although 
the histologic appearance of the islets is usually 
normal, the data are highly suggestive that 
excessive insulin activity is present both in the 
fasting and in the postprandial state. A high 
familial incidence (siblings and cousins) is 
reported. . 

It is noteworthy that the onset of hypoglycemic 
manifestations varies from the first day of life to 
the age of five years; and that no clinical or 
laboratory evidence of endocrine, hepatic or 
gastrointestinal disease is present. ‘Twenty-one of 
McQuarrie’s twenty-five patients were sympto- 
matic before the age of two years. The clinical 
picture is not duplicated by other types of 
infantile hypoglycemia. Newborn babies demon- 
strate moderate fasting hypoglycemia for about 
two weeks, but this is asymptomatic and not 
progressive. 9511287139? Occasionally a baby born of 
a diabetic mother develops symptoms of fasting 
hypoglycemia,1^5113! but again these are tran- 
sient. During infancy some children manifest a 
postprandial type of hypoglycemia due to 
overstimulation of normal islet cells by excessive 
ingestion of sugar (Staub-Traugott phenome- 
non). This is a stimulative type of ‘hypo- 
glycemia, the fasting blood sugar remaining 
normal and symptoms subsiding upon relative 
restriction of carbohydrate. 

Idiopathic infantile hypoglycemia is not a 
permanent condition, but one which subsides 
spontaneously as the child grows older. Mc- 
Quarrie emphasizes the tragedy of unrecognized 
cases, in which permanent brain damage remains 
after the hypoglycemia (which could have been 
controlled) has disappeared. 

Management. McQuarrie believes that corti- 
cotropin is the treatment of choice; that cortisone 
or hydrocortisone are less effective.*! Twenty- 
five mg. of ACTH gel daily may be required 
initially, but with time as littlé as 2 mg. every 
other day has been sufficient to prevent hypo- 
glycemia. In four such patients, discontinuation 
of ACTH therapy has been possible after several 
months without return of hypoglycemia. In 
view of the success of this simple regimen in a 
self-correcting condition, exploration of the 
pancreas for an islet cell tumor (very rare in this 
age group) should be deferred and the possibility 
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re-evaluated at a later date pending future 
developments. 

Illustrative Case. Patient L. T., a Negro girl 
five months of age, was admitted to the Pediatrics 
Division of University Hospital on December 13, 
1948. She had been a normal, fuil term baby 
with no evidence of birth injury. At the age of 
two months she began to have episodes of jerk- 
ing of the head, rolling of the eyes and “blank- 
ness." Attacks occurred every two or three days, 
and were not associated with fever. They lasted 
only a few minutes and always subsided spon- 
taneously. Episodes were never noted within an 
hour after feedings. The drowsy stzte which 
followed an attack disappeared more quickly if 
the patient was given milk or fruit juice. Before 
the morning feeding on the day of admission she 
had had an unusually severe attack. When an 
electroencephalogram was said to be compatible 
with a grand mal convulsive disorder, the pa- 
tient was discharged on a regimen of phenobar- 
bital and dilantin. 

From December, 1948, until August, 19523, 
she was seen periodicaly in the Pediatrics 
Clinic. During this time frequent generalized 
seizures had occurred despite anticonvulsant 
therapy, and progressive mental deterioration 
was observed. She was readmitted on August 
24, 1953, at the age of six years, following a 
three-day episode of diarrhea and anorexia. 
She had had five severe convulsions on the day of 
admission. 

The patient was found to be comatose, with a 
rectal temperature of 100?r. Frequent twitch- 
ing of the extremities and occasional generalized 
seizures occurred intermittently. A spinal fluid 
sugar of 4 mg. per cent and a blood sugar of 
14 mg. per cent. were found. After three days of 
an infusion of glucose, she regained conscious- 
ness. A permanent left convergent strabismus 
was then noted. 

Fasting blood sugars ranged from 24 to 39 mg. 
per cent. Oral glucose tolerance test showed: 
fasting, 39 mg. per cent; one-half hour, 157 mg. 
per cent; one hour, 137 mg. per cent; two 
hours, 136 mg. per cent; three hours, 92 mg. per 
cent; four hours, 50 mg. per cent; five hours, 
29 mg. per cent. The hyperglycemic response to 
epinephrine and a battery of liver function tests 
were entirely normal. 

On October 16, 1953, careful exploration of 
the entire pancreas disclosed no adenoma. The 
tail and body of the pancreas, comprising ap- 
proximately 70 per cent of the gland, were 


Spontaneous Hypoglycemia—Conn, Seltzer 


resected. Histologic examination revealed some 
increase in the number and size of the islets of 
Langerhans. Staining of the islets by the Gomori 
technic demonstrated a normal ratio of alpha 
and beta cells. 

Hypoglycemia has not recurred. ‘The morning 
after surgery the fasting blood sugar was 192 mg. 
per cent, two weeks later it was 126 mg. per cent, 
and fifteen months later it was 90 mg. per cent. 
However, mental retardation persists. 


REMARKS UPON SOME OF THE RARER CAUSES OF 
SPONTANEOUS HYPOGLYCEMIA 


Finally, a few additional comments are indi- 
cated upon some of the rarer causes of spon- 
taneous hypoglycemia, which we have included 
in bringing up to date our older etiologic 
classification.!$ 

7. Hypoglycemia associated with primary hypo- 
thyroidism: ‘Two more cases}? of severe hypo- 
glycemia respondirg to administration of thyroid 
substance have bezn reported. We continue to 
believe that hypotkyroidism, per se, is not a cause 
of symptomatic spontaneous hypoglycemia. 
Lack of function o? the adenohypophysis and of 
the adrenals as the result of long-continued pri- 
mary hypothyroid:sm (myxedema of the pitui- 
tary, adrenal, etc.) isthe morelikely explanation. 
Administration of thyroid repairs their respon- 
siveness. While this would appear to be splitting 
hairs, it is stated :n an effort to avoid cloudy 
concepts. 

2. Hyposlycemia associated with fibromas and 
sarcomas: There have now been reported twelve 
cases of large sarcomatous or fibromatous 
tumors associated with a severe, fasting type of 
hypoglycemia. 661.132 Eight of these tumors 
were excised with prompt disappearance of 
hypoglycemia. Recurrence of the tumor has 
occurred in five, with return of hypoglycemic 
attacks. Two of tne tumors were assayed for 
insulin and none was found to be present. 55.135 
Nevertheless, it has been postulated?! that these 
tumors secrete insulin or something akin to it. 
In view of the great size of these neoplasms it 
would seem more likely that they are consuming 
selectively very large amounts of glucose. 

3. Hypoglycemia associated with congenital adrenal 
hyperplasia: In 1951. White and Sutton® reported 
the occurrence o- episodes of severe hypo-. 
glycemia in a four year old female with con- 
genital adrenal virilism. These attacks occurred 
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always under conditions of stress and were 
not associated with excessive loss of sodiura. 
Subsequently, Wilkins!?7 also observed stress- 
induced hypoglycemia, without abnormalicy 
of electrolyte metabolism, in a twenty-six monzh 
old male with macrogenitosomia precox. We!?8 
have seen the same phenomenon in a two year 
old girl with congenital adrenal hyperplasia. Cn 
two occasions profound hypoglycemia occurred 
in the course of acute infection. In this patiert, 
however, temporary severe depletion of sodium 
accompanied the hypoglycemic crises. We have 
also observed abnormally low levels of blocd 
sugar in two infants with this same disease, in 
whom the primary problem was severe loss of 
sodium. 

It is reasonably clear now that a fundamental 
disturbance in congenital adrenal hyperplasia is 
an inability of the adrenal cortex to produce 
normal amounts of hydrocortisone.!?? Defi- 
ciency of the finished product in the body consti- 
tutes an abnormally and continuously great 
stimulus for increased production of ACTH. Tke 
adrenals become hyperplastic and produce a 
large amount of steroidal material other than 
hydrocortisone, much of which appears in tke 
urine as 17-ketosteroids. Thus it is not surprisirg 
that under conditions of stress, ordinarily accom- 
panied by a sharp increase in the level of hydro- 
cortisone in the blood,'^^ some patients with 
this disturbance manifest symptomatic hypo- 
glycemia. Ely et al.!*! have reported that both 
the fasting blood sugar and the concentration of 
17-hydroxycorticoids of plasma are significantiy 
lower in these patients than in normal children 
of the same age. 

At present hydrocortisone is the treatment of 
choice in the management of congenital adrenal 
hyperplasia. ACTH is contraindicated. It inten- 
sifies the abnormalities which characterize tke 
condition. 
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FIFTY-NINE year old white male bus 

A driver (No. 241074) entered the Barnes 

Hospital for the first time on Julv 31, 

1954, with a chief complaint of jaundice of three 
weeks’ duration. 

For the past five or six years the patient had 
noted occasional mild epigastric discorafort 
associated with bloating following meals. About 
four or five years prior to admission he suffered 
the onset of intermittent right upper quadrant 
throbbing pain, particularly postprandially, 
which was aggravated by eating pork or cab- 
bage. Approximately two years prior to admis- 
sion the patient noted an increase in the severity 
of this discomfort, at which time he had the 
onset of non-pruritic jaundice and an increase 
in the girth of his abdomen, associated with 
anorexia, occasional vomiting and ankle edema. 
He was hospitalized elsewhere for fifty-five days, 
during which time five paracenteses were per- 
formed, with removal of 4 to 5 quarts of ascitic 
fluid each time. His jaundice, ankle edema and 
ascites gradually disappeared. His appetite im- 


proved and he returned to his job. He felt well 


until approximately five weeks prior to this 
admission; while cutting weeds he became very 
fatigued and noted again the onset of right upper 
quadrant pain, this time radiating around the 
right flank and across the abdomen. ‘This vain 
subsequently occurred following meals. He had a 
gradual decrease in his appetite with some in- 
crease in abdominal bloating and flatulance. He 
also began to have occasional vomiting, par- 
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ticularly in the morning on arising. Three weeks 
prior to admission the patient noted the onset 
of jaundice associated with dark urine, light 
stools, a bad taste in his mouth, increasing 
weakness, arrincrease in the girth of his abdomen 
and more frequent vomiting during the day. 

Prior to two years before admission the patient 
ingested alcohol only rarely on social occasions. 
He denied drinking alcohol at all for two years 
prior to admission. There had been no known 
exposure to hepatotoxic agents. He had lost a 
total of 10 pounds during the previous six 
weeks. His diet was not described in detail but 
was stated to have been "adequate." 

Physical examination on admission revealed 
the patient's temperature to be 37°c.; pulse, 80; 
respirations, 16; and blood pressure, 130/80. 
The patient was a well developed man appearing 
chronically ill and mildly jaundiced. There were 
several arteriolar spiders on the upper trunk, 
but no palmar erythema. There were a few 
shotty inguinal lymph nodes. The sclerae were 


icteric, the pupils reacted to light and accom- 


modation, and extraocular movements were 
intact. The eyegrounds revealed slight increase 
in the light reflex with some questionable tem- 
poral pallor. Examination of the ears, nose, 
mouth and throat was not remarkable. There 
was moderate increase in the anteroposterior 
diameter of the thorax. Examination of the lungs 
revealed hyperresonance on percussion with a 
few coarse rhonchi over the left chest anteriorly 
on auscultation; no rales were heard. The left 
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border of cardiac dullness was encouatered 8 cm. 
from the mid-sternal line in the fifth intercostal 
space. The heart sounds were of gooc quality, no 
murmurs were heard, and there was a normal 
sinus rhythm. The abdomen was slightly 
protuberant; there was some.bulzing of the 
flanks and shifting. dullness, but no fluid wave. 
There was poorly defined tenderness in the 
right upper quadrant. Liver, kidneys and spleen 
: were not palpable. There was a rezdily reduci- 
ble, left, indirect, inguinal hernia. There was a 
trace of pitting edema of both ankles. Rectal 
examination revealed a firm prostate which was 
two or three times normal size, was not tender 
and contained no nodules. No hemo-rhoids were 
noted. The remainder of the physical examina- 
tion was not remarkable. 

The past history disclosed that in 1923 the 
patient had had pneumonia. Since then he had 
noted asthmatic attacks usually in the fall and 
the winter. One brother had asthma. 

Laboratory data on admission were as fol- 
lows: hemoglobin, 12.1 gm. per cent; white 
blood count, 6,800 per cu. mm.; differential: 
basophils, 1 per cent; segmented forms, 69 per 
cent; lymphocytes, 30 per cent. Urinalysis: 
pH, 5.5; protein, negative; sugar, negative; 
microscopic examination: amorphous urates, 
4 plus; bacteria, 2 plus. Stool: gua ac-negative. 
Serologic test for syphilis: negative. Blood chemi- 
cal determinations were as follows: non-protein 
nitrogen, 15 mg. per cent; fasting 5lood sugar, 
55 mg. per cent; sodium, 137.5 mEq./L.; 
. potassium, 4.4 mEq./L.; chloride, 130 mEq./L.; 
carbon dioxide combining power, 28.2 mM/L.; 
cephalin cholesterol flocculation, 4 5'*us; thymol 
turbidity, 38.6 units; total bilirubin, 6 mg. per 
cent; one minute fraction, 2.4 mz. per cent; 
albumin, 3 gm. per cent; globulin, 6.2 gm. per 
cent; cholesterol, 167 mg. per cent; amylase, 107 
Somogyi units; prothrombin concentration, 22 
per cent of normal; alkaline phosphatase, 5.8 
Bodansky units; bromsulfalein retention, 64.5 
per cent at the end of forty-five minutes. Electro- 
cardiogram: within normal limits. Roentgeno- 
gram of the chest: minimal infiltrate in the 
left upper lobe which was inverpreted as 
representing a questionable fibrotic tuberculous 
lesion; hypertrophic osteoarthritis of the dorsal 
spine; elongation of the aorta. Complete gastro- 
intestinal series: within normal .imits. Gall- 
bladder series: non-visualization of the gall- 
bladder. Sputum culture: a heavy growth of 


neiseria and a moderate growth of beta- 
hemolytic streptococci. | 
The patient's hospital course was uneventful 
until the sixth hospital day, at which time he 
began to complain of severe aching pain in the 
right flank, radiating inferiorly to the pubis and 
questionably to the right side of the scrotum. He 
denied dysuria, urinary frequency or urgency. 
At that time he manifested extreme tenderness 
in the right costovertebral angle with radiation 
of the tenderness anteriorly around the right 
flank, and his temperature spiked to 38.5°c. 
Urinalysis was as follows: pH, 4.5; protein, 
negative; sugar, negative; microscopic examina- 
tion: mucus, 3 plus; 30 to 35 white blood cells per 
high power field, moderate number of epithelial 
cells, rare red blood cells, rare white blood 
cell casts. A urine culture grew a few colonies 
of Staphylococcus albus and Staphylococcus 
aureus, and a moderate growth of beta-hemolytic 
streptococci. He was given tetracycline, 250 mg. 
orally every six kours. However, this dose was 
changed to 200 mz. intramuscularly four times a 
day because of vomiting which began after three 
oral doses of the medication; the intramuscular 
drug was continued throughout the remainder 
of his hospital stav. By the following day he had 
been given three doses of atropine, 0.4 mg. each 
dose. His discomfort had decreased but was 
still present. His abdomen was distended and 
there was tenderress in the epigastrium and the 
right upper quadrant. À rectal examination at 
that time was not remarkable; there were no 
feces in the rectal ampulla. The white blood 
count on the seventh hospital day was 14,750, 
the differential count comprising myelocytes, 6 
per cent; metanryelocytes, 19 per cent; band 
forms, 50 per cent; segmented forms, 20 per 
cent; lymphocytes, 4 per cent; monocytes, 1 per 
cent. Slight hypochromasia of the red blood cells - 
with adequate platelets was noted and two 
atypical lymphocytes were seen. Roentgeno- 
grams of the chest and abdomen: discoid 
atelectasis at the base of the right lung, and 
ascites; because of the absence of gas in the 
rectum and large bowel it was believed that a 
very early small bowel obstruction could not be 
excluded on the basis of this roentgen examina- 
tion. The patient continued to vomit and was 
maintained on parenteral fluids. On the morning 
of the eighth hospital day retrograde pyelograms 
were taken; these were within normal limits. 
The patient's emesis became coffee-ground in 
quality. On the afternoon following tbe retro- 
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grade pylography the patient's blood pressure 
was found to be 74/40 with a pulse rate of 120. 
An electrocardiogram showed no change. He 
was given vasoxyl,® 20 mg. intramuscularly, with 
subsequent rise in blood pressure to approci- 
mately 100/60. The patient was then placed 
on an intravenous drip of nor-epinephrine in tae 
amount of 4 mg./L. 

The patient's condition rapidly deteriorated. 
The serum non-protein nitrogen increased 
progressively to a high of 174 mg. per cent on 
the fourteenth hospital day at which time tae 
serum potassium was at its height, 7.4 mEq./L. 
Despite electrolyte and fluid replacement his 
serum sodium remained low, in the range of 
125.8 mEq./L. to 132.1 mEq./L. He was main- 
tained on almost constant gastric suction. 
Intravenous nor-epinephrine was cortinued 
until the eleventh hospital day, but it had to De 


reinstituted on the thirteenth day because of a- 


gradual fall in the blood pressure in the previos 
twelve hours to a low of 75/35. The patienz’s 
jaundice became more intense His urine outpat 
decreased from 500 ml. on the seventh hospital 
day to only 100 ml. on the thirteenth hospital 
day. He was given large doses of parenteral 
vitamins in addition to sodium glutamare, 
23 gm. per day, for three days beginning on tne 
eleventh hospital day. The prothrombin con- 
centration fell to 15 per cent of normal despite 
administration of parenteral vitamin K, 20 mg. 
each day, beginning on the fifth hospital day. 
Fresh ecchymoses at pressure sites were noted on 
the eleventh hospital day. The patient becarme 
intermittently irrational, and died quietly on 
. August 13, 1954. 


CLINICAL DISCUSSION 


Dr. EDWARD REINHARD: I would like to start- 


the conference by having Dr. Elliott show us tae 
x-ray films. 

Dr. GLADDEN ELLIOTT: The first examination 
was of the chest, and one of the few positive 
findings suggested was a questionable infiltrete 
of the second anterior interspace representing 
minimal fibrotic pulmonary tuberculosis. Tne 
remainder of the chest was normal. A gastro- 
intestinal series was negative, and a retrograde 
pyelogram on August 7th showed normal collect- 
ing systems bilaterally. At that time the patient 
had a rather marked degree of ascites. 

Dn. REINHARD: This patient, a fifty-nine year 
old bus driver, had only one admission to tae 
Barnes Hospital, and he died two weeks after 
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this one admission. He was not an alcoholic; his 
diet is stated to have been adequate, although a 
detailed description was not available. About 
six years prior to this admission he had noted 
occasional mild epigastric discomfort associated 
with postprandial bloating. Two years prior to 
admission abdominal pain developed. The 
intern’s note stated that this was a right upper 
quadrant throbbing pain; the assistant resident’s 
note described this as a right lower quadrant | 
pain which was constant, dull and aching in 
character. l'wo years prior to admission an 
increase in severity of this pain developed, 
associated with non-pruritic jaundice, an in- 
crease in the girth of his abdomen, and anorexia, 
occasional vomiting and ankle edema. He was 
hospitalized for two months, during which 
period five paracenteses were performed, each 
one yielding from 4 to 5 quarts of ascitic fluid. At 
the end of this two months of hospitalization his 
jaundice had subsided, his ankle edema had 
cleared up, his ascites had disappeared and he 
was asymptomatic. As far as we know he was 
entirely well so far as any residual evidence 
or clinical symptoms were concerned. He re- 
turned to work following this and remained well 
for a' period of two years. In June, 1954, after 
two years of freedom from any symptoms, 
symptoms referable to his terminal illness began 
to develop. This was five weeks prior to his 
admission: to the Barnes Hospital. Dr. Shank, 
this patient was not seen during the two-year 
interval when he was asymptomatic, so we have 
inadequate data about him during this period. 
If this patient had come to see you in June, before 
any of his terminal symptoms developed, saying 
he had felt perfectly well for two years but 
giving you this interesting history, how would 
you have interpreted this past story? 

. Dg. Rosznr E. Suanx: Under the conditions 
that you bave outlined I would have wanted to 
review the history very carefully and obtain 
a httle more data than our protocol contains. 
With the information that we have available to 
us in this synopsis of his history, it seems to me 
that there are several possibilities, each difficult 
to assess. One of these possibilities is that cir- 
rhosis had developed at the time of his final 
illness, either on the basis of a nutritional 
deficiency or as the result of previous hepatitis. 
For that reason I would have liked to know what 
this man's dietary intake was five or six years ago 
rather than in more recent months. 

Dr. RENARD: I am sure we both agree that 
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the dietary history available was totally inade- 
quate. 

Dr. SHank: Another possibility i- that this 
man may have previously had an acute illness 
involving his liver, the most likely rype being 
viral hepatitis. If that were true, hepatitis would 
have been occurring in ‘a man of relatively 
advanced age; it is a much more common disease 
in earlier life. On the other hand, it does occur 
in older age groups and is frequently associated 
with a prognosis that has to be more guarded. 
In other words, the man would have seen more 
likely to have had a severe course, because he 
was older than fifty at the time of onset. If he 
had had acute hepatitis at that time, we would 
have to postulate that the course of this acute 
illness was not the usual one, going cn to com- 
plete cure, but that he had had a period of 
prolonged convalescence with the persistence of 
some symptoms and the evolution of a chronic 
lesion following his acute hepatitis. Regardless 
of the initial type of liver disease he could have 
had remissions and exacerbations. In the course 
of his illness this man undoubtedly hed a rather 
long period of remission of his disease, but this 
does not help us decide what was the initial 
event in his illness. Something had heppened at 
the time of his final illness to cause am exacerba- 
tion of his disease. 

Dr. REmNHARD: Would you like to fzvor one or 
the other of these types of chronic lives disease? 

Dr. Sank: If you will put it in the category 
of a guess, I will make one. When firs: seen here 
this man did not have a palpable liver or spleen. 
If his primary disease had been portal cirrhosis 
induced by dietary deficiency, his live“ probably 
would have been palpable and with tkis course 
his spleen also might have been palpeble. How- 
ever, there are instances when significant 
hepatomegaly is absent in portal cicrhosis. If, 
on the other hand, he had had postnecrotic 
cirrhosis, it would have been more likely that his 
liver would not have been palpable when he was 
seen here. On that basis, then, we cculd lean a 
little more to the initial diagnosis of acute 
hepatitis progressing to postnecrotic cirrhosis. I 
would like to stress that the initial disease would 
not necessarily have had to be viral hepatitis. 
It could have been acute liver damage of some 
other type, for example, that due to hepatotoxins. 

Dr. RzimNHARD: Dr. Karl, will you comment 
on this fact: this patient has ascites reguiring five 
paracenteses in a period of two months; the 
ascites then cleared up and he required no 


further taps for a period of two years. Do you 
think this constitutes very convincing evidence 
against either type of cirrhosis? 

Dr. MicHAEL M Kart: I think it would not 
provide evidence against either type. One must 
remember that in the production of ascites in 
liver disease there are many factors involved 
other than portal hypertension. These include 
an excess of antidiuretic substance, sodium 
retention presuma2ly on a hormonal basis, 
changes in the levels of the serum protein, and 
changes in the permeability of the capillaries. 
All of these are conditions in which reversible 
factors are operating. These might well change 
in the course of either of these two conditions 
under consideratior. 

Dr. REINHARD: Have you seen this? 

Dr. Kart: Yes, I have. 

Dr. Remar: Dr. Shank, how often does a 
patient have ascites which then clears up? Is this 
very common? 

Dr SHANK: This is not at all uncommon in 
carefully managed patients. 

Dr. REINHARD: Many different varieties of 
chronic hepatitis have been described and many 
names have been applied to differentiate the 
variations in the clinical picture following acute 
hepatitis. One type is the benign condition 
called in the literature posthepatitis bili- 
rubinemia which may be persistent or intermit- 
tent. A second category is acute infectious 
hepatitis with “apparent” recovery, “apparent” 
because these patients end up with advanced 
cirrhosis. Therefore it would appear that during 
this period of freecom from any symptoms or 
manifestation of disease, there must have been . 
some latent process which caused progressive 
damage to the liver. The third category of 
chronic active infectious hepatitis may be of 
various types. It may be characterized by con- 
tinuous or recurrert jaundice, or by persistent 
symptoms and laboratory evidence of hepatic 
dysfunction. Jaundice may be absent but the 
patient may have various vague symptoms of 
anorexia, bloating znd nervousness without any 
physical signs or laboratory evidence of hepatic 
dysfunction. These patients are often diagnosed 
as having psychoneurosis. Indeed, many of 
them may be patients with psychoneurosis who 
had active hepatitis in the past and whose 
exacerbation of psychoneurosis dates from the 
acute attack of hepatitis. T'he fourth category 
has been called chronic inactive infectious 
hepatitis. This may again be with or without 
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jaundice. This is a rather vague category, hard zo 
distinguish from the other cases of chronic active 
infectious hepatitis. In many instances there mzy 
have been very little to indicate actual activi y 
of the disease process. Dr. Mendeloff, would ycu 
care to tell me first whether you think this pa- 
tient had primarily hepatitis or nutritional liver 
disease? 

Dr. ALBERT I. MENDELOFF: At the time this 
patient entered this hospital he presented tke 
signs of chronic liver disease, most probably 
cirrhosis. When one tries to differentiate zmong 
the specific types of cirrhosis in a case in which 
the history is as unrevealing as this one wés, ore 
has to use a number of other findings, either 
laboratory or physical, which statistical:y are 
more often associated with one type than ar- 
other. As Dr. Shank pointed out, in this case 
‘the liver was not palpable, nor was the spleer.. 
The patient had a few spider angiomas, was 
moderately jaundiced, and had some fluid in h:s 
abdomen. The fact that his liver and spleea 
were not palpable is, statistically, most oftea 
associated with the postnecrotic form of chronic 
liver disease, whether postnecrotic scarring alone 
or whether postnecrotic cirrhosis, the more activ= 
form. The laboratory data tend to confirm this 
again from a statistical point of view. They 
reveal several features which are more oftea 
associated with the postnecrotic type of cirrhoss 
than with a diffuse cirrhosis. First the serum 
globulin was 6.2 gm. per cent. This is an 
extremely high value for either disease, but 
values over 5 are far more common in the fcrm cf 
disease which we call postnecrotic cirrhosis. 
Second, the normal alkaline phosphatase is im 
keeping with postnecrotic cirrhosis. The ver” 
high thymol turbidity and a very high cephalin 
cholesterol flocculation are not very help-ul in 
differentiating the two types. I do not believe 
they help us one way or the other. I would sar 
that both clinical findings and the laboratory 
data tend to favor postnecrotic cirrhosis in this 
case although, as everyone knows, none of these 
points is conclusive. 

Dr. REINHARD: After this asymptomatic two- 
year period, on June 12, 1954 (five weeks before 
death), the patient became very fatigued anc 
noted the occurrence of right upper quadran: 
pain while cutting weeds on a friend's farm. 
This pain radiated around the right flank anc 
down to the lower abdomen. Subsequent recur- 
rences of this pain occurred and seemed to come 
on more often after meals. A progressive increase 
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in anorexia, bloating and edema developed. He 
began to have occasional vomiting spells, 
particularly on arising in the morning. Shortly 
thereafter he noted the onset of jaundice. This 
was again without pruritus. He had dark urine 
and a bad taste in his mouth, weakness became 
steadily more marked, and there was an increase 
in the size of his abdomen. More frequent vomit- 
ing occurred during the day. The day before 
admission his vomitus contained a small amount 
of blood for the first time. On the day of admis- 
sion his stool was the color of light cream for the 
first time. During the six weeks prior to his 
admission to the hospital he lost 10 pounds. The 
patient had had no chills, he did not think he 
had had any fever, and upon admission to the 
hospital he did not have any fever. On physical 
examination his temperature, pulse and respira- 
tion were normal. The patient was mildly 
jaundiced. There were several arterial spiders on 
the upper trunk. He had no palmar erythema. 
The scleras were icteric. lhe abdomen was 
shghtly protuberant. There was some bulge in 


the flanks and shifting dullness, but no fluid 


wave was noted. The liver, spleen and kidneys 
were reported by several investigators to be not 
palpable. 'T here was a trace of pitting edema of 
both ankles. He had no hemorrhoids. Dr. 
Kenamore, this was your patient. When you 
saw him at this time, what diagnoses did you 
consider as the cause of the rather sudden onset 
of acute symptoms? 

Dr. Bruce KENAMORE: When I first saw this 
man, about two or three days before he entered 
the hospital, I thought he either had had an 
exacerbation of cirrhosis which resulted from 
acute hepatitis with prolonged course occurring 
two years before, or, lacking any laboratory 
data at the time I first saw him, that he 
had obstructive jaundice. He was obviously ill 
and in need of hospitalization and nothing more 
was done in the way of history or physical 
examination until he was admitted to the 
hospital. Those were the two considerations in 
my mind at the time of admission. 

Dr. REINHARD: On admission he had mild 
anemia, hypoglycemia, a low serum cholesterol, 
a prolonged prothrombin time, markedly ele- 
vated cephalin cholesterol flocculation and 
thymol turbidity, profound bromsulfalein reten- 
tion, and a serum bilirubin markedly elevated in 
both direct and indirect fractions. Dr. Recant, 
do these findings help us any in determining 
what the nature of this insult to the liver was? 
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. Dr. LinüiíN Recant: The only conclusion 
one could reach from these findings is to say that 
there was no evidence of any obstructive phe- 
nomenon, and that there had been severe 
hepatocellular damage. 

Dr. REINHARD: On the sixth hospital day the 
patient began to have severe aching pain in his 
right flank. This radiated down to the genitalia. 
There was extreme costovertebral argle tender- 
ness. He had fever at this time, 20 to 30 white 
cells in the urine, and very few red cells. Urine 
culture grew out beta-hemolytic streptococcus 
and only a few straphylococci. The day after 
these events he had a white blood c2ll count of 
14,700, with a very striking shift to the left. Dr. 
Harford, was this a separate ur-nary tract 
infection, or was this a renal diseas> due to or 
associated with his liver disease? 

Dr. Carr G. Hanronp: This probably was a 
urinary tract infection. 

Dr. RxmHARD: What organism would you 
have suspected here? | 

Dr. Harrorp: The laboratory isolated a 
streptococcus that gave beta-hemolysis. One 
would not expect, it seems to me, to kave urinary 
infection due to group A streptococci: however, 
thére are some enterococci encountered in the 
urine which would also give beta-hemolysis, 
so I imagine they were the organisms isolated. 

Dr. Remuarp: I have never seen so marked a 
shift to the left with a total white cel count of 
only 14,000 in the presence of < hemolytic 
streptococcal infection. I am a little disturbed by 
this. I have seen this more often in association 
with profound necrotic disease—advanced car- 
cinoma with profound necrosis or, p2rhaps, with 
profound liver necrosis. Does this white blood 
cell count disturb you? 

Dr. Harrorp: Yes, it does disturb me. All the 
rest of the circumstances are such a: to indicate 
that any urinary tract infection which was 
present would probably have been fairly 
promptly controlled by the medication given. 

Dr. Reinnarp: This patient began vomiting 
continuously thereafter. The dar after the 
onset of these acute symptoms his abdomen 
became distended. A small bowel obstruction 
was suspected by at least one observer. On the 
eighth hospital day, two days after the onset of 
acute symptoms of fever and the like, the patient 
vomited coffee ground material. That same 
day, in spite of the fact that his non-protein 
nitrogen concentration was 62 mz. per cent, 
bilateral retrograde pyelography was per- 
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formed. The following day the patient went into 
shock which was treated with vasoxyl and nor- 
epinephrine. Jaundice became progressively 
more intense and his urinary output steadily 
decreased, finally rzaching anuric levels. During 
the last two days o: his illness his blood pressure 
fluctuated betweer. 80 and 105 systolic and 50 
and 55 diastolic. On the day of death the sodium 
was low and the potassium was high. Dr. Sherry, 
what kind of kidnev disease do you think this 
patient had, and would you comment on these 
terminal events? 

Dn. SoL SHERRY: About five, six or seven 
days after some patients have had a very severe 
acute hepatic insult, they will suddenly go into 
acute renal insufficiency. I think that the pathol- 
ogist will show us evidence of acute tubular 
necrosis; 1 believe this case was an example of 
the hepatorenal syndrome. The terminal events 
might almost suggest that there had been some 
adrenal insufficiency of a physiologic nature as 
well. 

Dr. RziNBAnD: Do you think that taking the 
retrograde pyelograms when the patient was 
azotemic was ill-acvised, or did this have nothing 
to do with the terminal events? 

Dr. SHERRY: I doubt that it had anything to 
do with the terminal events. 

Dr. RemnHARD: Dr. Harrington, would you 
discuss this patient's terminal bleeding difficul- 
ties? Just before he died bleeding from his gastro- 
intestinal tract developed which may or may 
not have been due to a localized gastrointestinal 
lesion. He also certainly had a blood dyscrasia 
of some sort because he had a great many 
spontaneous ecchymoses occurring during the 
last few days of life. We all know the patient had 
a profoundly low prothrombin concentration in 
his blood. Are there any other mechanisms for 
the bleeding that we would have had to consider? 

Dr. WiLLiAM HanmiNGTON: Yes, in the 
terminal stages of liver disease many abnormali- 
ties may be noted. Deficiency of prothrombin, 
accelerator globulin and convertin all con- 
tribuze to prolongation of the one-stage deter- 
mination of prothrombin time. In addition, 
hypohbrinogenen-ia can occur, although it is an 
unusual cause for generalized bleeding in 
cirrhosis. Nevertheless, the fibrinogen is of a 
poor quality, '^ess reactive," and possibly 
related to the low grade proteolytic activity 
seen in the plasma of these patients. Some have 
imputed a deficiency of “thrombin accelerator" 
to the plasma. Lastly, thrombocytopenia is 
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frequently a factor, although this patient ap- 
parently did not have a significant depression of 
his platelet levels. 

Dn. MeNpELorr: In general, when a person 
with stable chronic liver disease suddenly fails, 
one suspects either that he is having episodes of 
hepatic necrosis, or else hepatoma has developed. 
This latter development is often ushered in by an 
episode of pain in the general area of the liver, 
and the liver need not be enlarged. At the same 
time this cancer may also be associated with 
complications such as thromboses in the portal 
system which might well have caused the leuke- 
moid reaction in his blood, the abdominal 
distention and the gastrointestinal hemorrhages, 
even though the spleen was not noted to be 
palpable. He did also have a gallbladder which 
was not visualized by x-ray; this may have been 
due to the inability of the liver to excrete the 
dye, but there is a possibility that acute chole- 
cystitis or acute pancreatitis developed, which 
might have accounted for his terminal episode. 

Dr. W. Barry Woop, Jr.: Could thrombi in 
the hepatic vein have gotten into the inferior 
vena cava and involved the renal vein, to ex- 
plain this very sudden renal insufficiency, or is 
that unlikely? 

Dr. MENDELOFF: That has been described, 
Dr. Wood, but I should have expected him to 
show hematuria rather than pyuria alone. 

Dr. REINHARD: If this was portal thrombosis, 
should not the liver have enlarged terminally, or 
did he die too soon for that? 

Dr. MreNpELorr: If the thromboses were in 
his portal system, they need not have affected 
the size of the liver. 

Dr. REINHARD: The clinical diagnoses of the 
house staff were: (1) Laennec's cirrhosis, (2) 
acute hepatic necrosis, (3) obstructive emphy- 
sema, and (4) acute pyelonephritis, right, 


PATHOLOGIC DISCUSSION 


Dn. Dante L. Rosenstern: The body of this 
man was markedly icteric; there were spider 
hemangiomas in the skin over the upper thorax 
and shoulders, and petechiae along the costal 
margins and about the umbilicus. The testes 
were atrophic and there was moderate sub- 
cutaneous edema about the ankles. The peri- 
toneal cavity contained 5,000 ml. of clear ascitic 
fluid, and venous varicositis were apparent in the 
omentum and on the inferior surface of the 
diaphragm. On cutting through the esophagus 
some intramural varices were exposed, but these 
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did not distort the mucosa and there was no 
evidence of any rupture. In the remainder of the 
gastrointestinal tract there were many petechiae 
throughout the mucosa, and the contents of 
the lumen consisted mostly of blood-tinged 
mucus. A few superficial erosions were present 
in the fundus of the stomach. 

A section of the liver is illustrated in Figure 1. 
This organ was of decreased size. It weighed 
1,160 gm. and was rather soft and flabby. The 
capsular surface presented numerous rather 
small and widely separated nodules. On the 
surfaces exposed by incision there were two types 
of nodules: a small rust-brown nodule that 
bulged above the surface, and larger and more 
irregular nodules which were yellow and soft 
and had a hyperemic peripheral zone. Between 
these nodules there were confluent bands of 
firm, yellow-gray, rather translucent fibrous 
tissue. The spleen had the appearance of 
chronic passive congestion and was slightly 
enlarged to a weight of 320 gm. 

The heart was not remarkable except for 
petechiae and ecchymoses present both in the 
endocardium and in the epicardium. Petechiae 
were also scattered over both the visceral and 
parietal pleurae. The lower lobes of the lungs 
were atelectatic and slightly congested. The 
kidneys were scarred and icteric, but their 
cortices showed no evidence of swelling. The 
capsular surfaces presented several small cortical 
cysts and were moderately irregular. 

Dn. W. STANLEY HanrRorr: The history of 
this patient, the clinical discussion and the gross 
findings at autopsy have all served to focus our 
interest on the liver. Microscopically it is 
composed of nodules of parenchyma widely 
separated by bands of a collapsed, rather loosely 
arranged stroma. (Fig. 2.) Recent cellular 
necrosis has occurred throughout many of the 
nodules, with but small zones of surviving 
parenchyma at their edges in some instances. 
In the latter regions there is evidence of abortive 
attempts at regeneration in the form of pseudo- 
cholangioles. (Fig. 3.) Hemorrhage is present 
throughout the necrotic centers of the nodules. 
Where necrosis has not obscured the picture, 
it 1s evident that in many of the nodules portal 
triads and radicals of central veins are present. 
Other nodules represent only fragments of liver 
lobules. Occasional parenchymal cells with 
more than one nuclei are encountered through- 
out, but regenerating liver plates, two cells in 
thickness, are rarely encountered. In the scarred 
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Fic. 1. Sections through the hilum and showing the capsule of the liver. There is extensive interstitial 
scarring with slightly irregular nodules of surviving parenchyma. The darker nodules are hemorrhagic 
and necrotic. 
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Fic. 2. The area between three nodules in the liver showing the rather loose fibrous scar infiltrated with 
lymphocytes and mononuclear cells. The parenchymatous nodules contain several portal units and central 


veins and variable amounts of necros s. 


areas (Fig. 3) generous numbers of mononuclear 
cells and lymphocytes are encourtered. The 
other cellular constituents of the scarred areas 
consist of isolated liver cells, cholangioles and 
blood vessels. By appropriate techmics surpris- 
ingly little collagen can be demonstrated. Silver 
stains (Fig. 4), however, reveal that the normal 
reticulin content of the liver has persisted in the 
scarred areas, becoming only slightly compressed 
and contracted, so that the fibers are coarser than 


usual. Lamination of the reticular fibers is not 
advanced, still another indication that the 
adjacent nodules of parenchyma have under- 
cone but little regeneration. Bile pigment is 
present in many liver cells, and both cholangioles 
and bile ducts contain plugs of inspissated bile. 
[n this liver, therefore, the parenchymal nodules 
are multilobular in manv instances; many have 
undergone recent acute necrosis with hemor- 
rhage; and the scarred areas consist chiefly of 
OF MEDICINE 
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Fic. 3. The edge of a nodule in the liver at high magnification. Pseudocholangioles and lymphocytes are 
present in the loose scar tissue surrounding the irregular hepatic cells which are arranged in single cell plates. 


Fic. 4. Reticulin impregnation demonstrating the slightly coarsened and compressed fibers in the scarred 
areas in the liver. This change is not nearly as striking as is seen in true cirrhosis. 


collapsed, but only slightly compressed reticulin, 
mononuclear cells, pseudocholangioles and rem- 
nants of liver plates. Fat is almost completely 
absent throughout all sections. The microscopic 
findings therefore suggest postnecrotic scarring, 
with a recently superimposed necrosis. 

In microscopic sections of the esophagus 
moderately dilated submucosal veins without 
evidence of rupture are encountered. In the 
testes the tubules are atrophic and interstitial 
cells have disappeared almost entirely. Sections 
of the kidney reveal evidence of chronic pyelo- 
nephritis with considerable destruction of paren- 
chyma. Tubular necrosis is absent. 

Finally, in the pancreas portions of the 
acinous tissue and adjacent fatty tissue appear 
necrotic. Polymorphonuclear inflammatory reac- 
tion is prominent in these areas. In microsections 
of the heart and the gastrointestinal tract the 
petechiae seen grossly are visualized, but other 
significant abnormalities are not encountered. 

The gross and microscopic findings revealed 
at autopsy indicate that the liver had suffered 
a severe degree of destruction. The histologic 
features suggest that death of liver cells occurred 
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in at least two distinct episodes. The scarred 
nodular pattern, absence of fat or evidence to 
indicate abnormal fat previous to death suggest 
that the scarring may have been caused by a 
previous attack of viral hepatitis. The second 
episode, consisting of acute necrosis in the 
surviving nodules of parenchyma, is of more 
recent occurrence, possibly occurring on a 
circulatory basis. The morphologic evidence 
fails to suggest that hepatotoxins or nutritional 
deficiencies were responsible for the production 
of hepatic damage. It is possible that the devel- 
opment of terminal acute pancreatitis acted as 
an accessory factor responsible for the final 
episode of acute hepatic destruction. 

Final anatomic diagnoses: Postnecrotic scarring 
of the liver with acute necrosis of persistent 
parenchyma; acute pancreatitis with fat necro- 
sis; petechiae and ecchymoses in the gastro- 
intestinal tract, pericardium, urinary tract and 
skin. 


Acknowledgment: Illustrations were made by the 
Department of Illustrations, Washington Uni- 
versity Scheol of Medicine. 


Case Report 


Subacute Bacterial Endocarditis Due to 


Listeria Monocytogenes 


PauL D. HOEPRICH, M.p.t and Hyman M. CHERNOFF, M.D. 


New Haven, Connecticut 


EDICAL writings now contain many ref- 
erences to Listeria infectiom in man. A 
recent review! tabulated 147 cases of 
reported human infection. Forty-five of these 
cases were infections of the meninges; none was 
thought to involve the endocarditm. In this 
same review thirty-six additional cases (nine 
meningitis, no subacute bacterial eadocarditis) 
were listed which were possibly due to Listeria. 

Other reviews?’ stress meningitis as being the 
most frequent form of human Listeria infection. 
The possible relationship of Listeria to 
infectious mononucleosis, a human illness in 
which isolation of Listeria has been reported, 
was thoroughly discussed by Girard and Mur- 
ray.” No mention was made of subacute bacterial 
endocarditis due to Listeria in aav of these 
reviews. 

In writings dealing with bacterial »ndocarditis 
Listeria was not included among the listed 
etiologic agents.*^9 So far as we have been able 
to ascertain, this is the first case of subacute 
bacterial endocarditis due to Lis eria mono- 
cytogenes to be reported. Moreover, it is one of 
the rare instances of human Listeria infection in 
which significant levels of Listeria agglutinins 
have been demonstrated. 

Adequate descriptions of 
Listeria, of its bacteriology and epidemiology 
are contained in any of the reviews previously 
referred to. Writings pertinent to the im- 
munologic aspects of listerosis are reviewed 
subsequently. 


CASE REPORT 


On March 21, 1954, a forty-two year old white 
man was admitted to the private Medical 
Service of the Grace-New Haven Community 


the history of 


Hospital for study of an illness suspected of being 
subacute bacterial endocarditis. Three years 
prior to entry, when he first became the patient 
of one of the authors (H. M. C.), he was found to 
have rheumatic heart disease with both mitral 
and aortic valvular involvement, He could not 
recall having had rheumatic fever or any of its 
equivalents although three years prior to this 
initial examination he had a sore throat with 
cervical node enlargement. The patient was 
not seen again until one year prior to admission 
when he complained of easy fatigability and mild 
exertional dyspnea. ‘There was no evidence of 
cardiac failure and the cardiac murmurs were 
unchanged. An electrocardiogram was normal; 
by x-ray examination after barium swallow 
there was slight enlargement of the left auricle. 
He weighed 203 pounds and was advised to 
reduce. With restriction of caloric intake, 
amphetamine and methylcellulose, his weight 
dropped to 190 pounds, and his symptoms 
subsided. 

In May, 1953, because of persistent pain in his 
jaws, the patient consulted his dentist. Severe 
periodontoclasia was discovered, and on June 
19, 1953, the patient’s remaining twenty-eight 
teeth were extracted. On the day before, the 
day of, and the day after surgery, the patient 
was given 600,000 units aqueous procaine peni- 
cillin G intramuscularly. No chills, fever or 
malaise obtained. Artificial dentures were fitted 
but were unsatisfactory, for the patient could not 
chew properly with them. On July 27, 1953, a 
retained tooth fragment was excised and several 
sutures were required to close the operative 
wound. No penicillin was given during this 
procedure. Four months after this surgery (four 
months prior to entering the hospital) the patient 


* From the Department of Internal Medicine, Yale University School of Medicine, New Haven, Conn. 
f Present address: University Hospitals, 2065 Adelbert Road, Cleveland 6, Ohio. 
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began to have "stiffness and weakness" of both 
knees. This was most severe on arising in the 
morning and wore off by evening. Concomms- 
tantly, a gradual decrease in “drive and energy" 
set in. Although the knee pains spontaneous.y 
disappeared, the lack of energy grew more 
prominent as time passed. This he ascribed 
to poor food intake caused by pain from tke a 
teeth. 

On March 6, 1954, he ‘first sought kde 
attention because of recurring chills and fever. 
About three weeks before this visit he had zn 
upper respiratory infection manifested by coryza 
and a non-productive cough. Ten days befors, 
he had a sudden shaking chill lasting about 
thirty minutes, followed by drenching sweats 
and profound weakness. The following day he 
felt better and went to work. Despite two moze 
episodes of chills and fever, and persistent sti-T- 
ness of the knees, he continued to work. He had 
taken no medication except aspirin. When he 
was examined by one of the authors (H. M. C.) 


on March 6, 1954, he looked chronically ill. Eis 


temperature was 99*r. (orally), blood pressure 
normal, and heart murmurs unchanged. Despite 
the absence of characteristic physical findings, 
the history was such that subacute bacter:al 
endocarditis was suspected and hospitalization 
was advised. This was refused. The »atient 
returned home and continued to work desp:te 
the daily afternoon occurrence of fever and 
exhaustion. He finally consented to hospitaliza- 
tion for study and treatment on March 21, 19£4. 

On physical examination at admission the 
weight was 189 pounds, temperature 99.2°r. 
(rectal), pulse 88 per minute and respirations 18 
per minute. The blood pressure was 140/50 in 
the right arm with the patient supine. There 
were no petechiae and there was no rash. The 
lungs were clear. The heart appeared sligh:ly 
enlarged by percussion, the rhythm was regu.ar 
and the aortic and pulmonic second sourds 
were equal in intensity. A grade 3 harsh, systolic 
murmur was heard, best in the aortic area, aad 
was transmitted to both sides of the neck. At the 
apex, the first sound was absent; there was a 
grade 2 murmur which began late in diastole 
and extended into systole. No organs were 
palpable in the abdomen and there was no 
peripheral edema. 

The hemoglobin was 15 gm. per cent and the 
hematocrit 47 per cent. The erythrocy:e sedi- 
mentation rate (Wintrobe) was 23 mm. per 
hour. Total leukocytes were 8,350 per mm..?, with 
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55 per cent polymorphonuclear forms, 40 per 
cent lymphocytes, 1 per cent monocytes and 4 
per cent eosinophils. A second white blood count 
forty-eight hours after admission was 10,350. 
Fasting blood sugar and non-protein nitrogen 
were normal. Two specimens of urine were 
normal. Antistreptolysin O was not elevated 
(125 units). Venous pressure, arm-tongue cir- 
culation time and an electrocardiogram were all 
within normal limits. A culture of the throat 
grew out only normal flora. There was no 
growth in any of the six blood cultures taken 
during the first forty-eight hours in the hospital. 

During the four days of this hospital stay the 
patient was asymptomatic except for a complaint 
of stiffness of the left elbow. Films of this area 
revealed no abnormalities. The highest tempera- 
ture recorded was 100.2"r. (rectal) at 8 P.M.. 
of the day of entry. By radiographic examination 
there was no abnormality of the paranasal 
sinuses, and there was no over-all cardiac 
enlargement. Films of the jaws disclosed a density 
near the site of the second left maxillary bicuspid, 


consistent in appearance with a broken root 
. fragment. Since the patient was asymptomatic 


and no evidence substantiating the diagnosis of 
endocarditis had been obtained, he was dis- 
charged on March 25, 1954. He was advised to 
keep a daily record of his temperature and to 
report any fever, or any new clinical develop- 
ment. Several days after discharge the tooth 
fragment was removed; no pus was found at 
operation. Prior to and after this surgery he was 
given 1,000,000 units crystalline penicillin G 
intramuscularly: 

One day after discharge from the hospital the 
patient noted onset of stiffness in all large joints 


except the ankles. This persisted for about two 


weeks and then disappeared. Pain and stiffness 
reappeared in the knees only three days before 
re-entry into the hospital. T'wo weeks prior to 
readmission the patient noted pain in the pads of 
the fourth and fifth fingers of the left hand; after 
one or two days the pain disappeared. During 
the interval between admissions the patient was 
unduly tired on returning from work each even- 
ing. His appetite fell off. Although there were no 
chills, the patient felt feverish, usually in the late 
afternoon, and there were episodes of copious 
nocturnal hidrosis. At times there was some 
headache associated with the fever. A sense of 
imbalance manifested itself by a tendency tc 


' bump into doorways. The patient was advised tc 


return to the hospital for re-evaluation but it 
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was not until April 26, 1954, that he consented 
todoso. | 

Physical examination on re-entry disclosed a 
weight of 190 pounds, temperature of 100.6?r. 
(rectal), pulse of 88 and respiration of 20 per 
minute. The blood pressure was 131/64 in the 





75 per cent neutrophils, 18 per cent lymphocytes, 
2 per cent monocytes and 4 per cent eosinophils. 
The urine was normal. A chest film disclosed 
no significant change from the film taken at the 
first admission. An electrocardiogram was again 
normal. 
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Fıs. 1. Summary of clinical course. 


right arm with the patient supine. One petechia 
was seen in the nail bed of the fourth finger of 
the left hand. There was no swelling or tender- 
ness of the finger pads. The heart murmurs were 
definitely changed. from those heard at the time 
of the first.admission. There was a grade 3 
systolic murmur at the aortic area transmitted 
to both sides of the neck. A grade 2, blowing 
diastolic murmur was heard to the nght of the 
sternum in the second intercostal space, and also 
to the left of the sternum in the third and fourth 
intercostal spaces. There was a grade 2 systolic 
murmur at the apex which could be heard well 
into the left axilla. The spleen was not felt. 
During the next two days nine blood cultures 
were planted and serum was ob:eined for 
serologic testing. The hemoglobin was 13 gm. 
per cent, the hematocrit 42 per cent and the 
erythrocyte sedimentation rate 42 mir. per hour. 
Total leukocytes were 9,350 per mm.?, with 


Fever persisted and on April 28, 1954, a 
petechia appeared on the mid-upper lip. The 
spleen was palpated for the first time on this day, 
but was not felt again until May 11th. In the 
belief that the patient had subacute bacterial 
endocarditis, he was empirically started on a 
regimen of 1,000,000 units of crystalline penicil- 
lin G, intramuscularly, every six hours, and 
dihydrostreptomycin, 0.5 gm. intramuscularly, 
every twelve hours. The clinical course has been 
summarized in Figure 1. l 

On the following day brucella, typhoid and 
paratyphoid agglutinations were reported as 
being negative. Growth was noted in the earliest 
blood cultures and a gram-positive bacillus was 
reported. The initial therapeutic regimen was 
maintained until further identification and 
sensitivity studies could be completed. 

New petechiae were noted on the lips on 
April 30th. The cardiac murmurs were un- ’ 
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changed but the temperature was significantly 
lower. The urine was again free of cells. Tae 
results of sensitivity tests run with the bacillus 
isolated from the blood cultures were reported. 
(Table 1.) Therapy was altered on May 1st only 
by the addition of 0.6 gm. of erythromycin, by 
mouth, every six hours. The temperature curve 
was definitely swinging downward at this time. 

Erythematous, pruritic wheals appeared on 
the skin of the wrists, thighs and elbcws on 
May 4th. No new petechiae were found. Admia- 
istration of antihistamine medication gav2 some 
relief from itching. On May 6th, since new 
wheals were still appearing, penicillin G was 
discontinued and crystalline penicillin D was 
substituted in the same dosage. The urine was 
clear on May 6th but on May 7th there were 
three to four red cells, and a rare white cell per 
high power field. By May 8th the wrist lesioas 
were subsiding, but the lower leg lesions were 
red, confluent, 5 by 10 cm. patches, which were 
slightly pruritic. There were no red cels 
in the urine at this time and none were fourd 
subsequently. 

On May 9th dull, steady, lower left chest pan 
was noted. Physical examination revealed no 
new findings. During the next two days the chest 
pain persisted but assumed a pleuritic character, 
and was accompanied by left upper quadrant 
abdominal pain. At this time, May 11th, the 
hemoglobin was 14 gm. per cent, white couat 
19,250 with 78 per cent neutrophils, 17 per ceat 
lymphocytes, 4 per cent monocytes and 1 per 
cent eosinophils. Late evening elevation 2f 
temperature accompanied the onset of the chest 
pain; by May 11th the temperature remained 
elevated throughout the day, attaining a maxi- 
mum of 102?r. Chest films were read as skowir.g 
left lower lobe pulmonary infarction and definize 
cardiomegaly. An abdominal film disclosed one 
dilated loop of small bowel but there were ro 
physical findings suggestive of mesenteric throm- 
bosis. At this time there was a decrease in 
breath sounds and tactile fremitus over the left 
lower chest, and a tender, palpable spleen. In tLe 
legs there was no venous distention, no change m 
skin temperature and no abnormal consistency 
or tenderness in the calf muscles. The stool was 
gualac-negative. 

By May 14th the temperature had fallen 10 
100?r. Pain and signs persisted in the chest but 


the spleen was no longer palpable. On May 17th | 


the chest pain was much decreased. The let 
diaphragm was still elevated by radiography but 
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the density had markedly cleared. Both breath 
sounds and tactile fremitus were still decreased 
at the left base. The hemoglobin was 13 gm. per 
cent, white 'count 17,650, with 64 per cent 
neutrophils, 25 per cent lymphocytes, 7 per 
cent monocytes and 4 per cent eosinophils. ` 


TABLE I 
SENSITIVITY OF LISTERIA MONOCYTOGENES, STRAIN 
ISOLATED FROM PATIENT IN THIS REPORT . 
TO VARIOUS ANTIBACTERIAL AGENTS 





Concentra- 














Agents (iod Result 
Single: l 

Sulfathiazole................ 1 mg./ml. | Resistant 
Sulladiüzine, i22. 22154 ris 1 mg./ml. | Resistant 
Sulfamerazine. ........, LLL. 1 mg./ml. | Resistant 
Bacitracin. aes car edo ve 20 u/ml. Slightly sensitive 
Chlortetracycline............ 10 ug./ml. | Very sensitive 
Oxytetracycline,............ 10 ug./ml. | Very sensitive 
Tetracycline. iva os Es 10 ug./ml. | Very sensitive 
Chloramphenicol............ 10 ug./ml. | Very sensitive 
Erythromycin....... Jor NN 1 pg./ml. | Very sensitive 
Streptomycin... ........-06. 10 ug./ml. | Moderately sensitive 

` 100 ug./ml. | Very sensitive 
Pesiculin. ul oou tage aed 1.5 u/ml. Resistant 

10.0 u/ml. | Very sensitive 
Combined: : 

Penicillin... noa ever 1.5 u/ml. Very sensitive 
Streptomycin. ahoan. 10 ug./ml 
Penicillin, a...an nnar aoan 1.5 u/ml Resistant 
Sulfisoxazole. ............un. 1 mg./ml 
Perici oe ais whe y aka oe acs 1.5 u/ml. Very sensitive 
Oxytetracycline. ... 10 ug./ml. 
Peniciiy.cs pu ssnadce Us 1.5 u/ml. Very sensitive 
Chloramphenicol............ 10 ug./ml. 
Streptomycin. «vescuse miu 10 ug./ml. | Very sensitive 
Chlortetracycline. ,.......... 10 ug./ml. 
Streptomycin. esasa oane LL. 10 ug./ml. | Very sensitive 
Oxytetracycline,............ 10 ug./ml. 
Streptomycin., «s weiss ieee es. 10 ug./ml. | Slightly sensitive 
Chloramphenicol. ........... 10 pg. /ml. : 


Pain and signs had disappeared from the chest 
by May 19th. The temperature hovered around 
100°r., an elevation thought consistent with the 
patient's demonstrated penicilin hypersensi- 
tivity. The patient was allowed to go. home on 
this day, to continue one more weck on all three 
antibiotics in the same dosage as given in the 
hospital. He was instructed to measure his 
temperature daily and keep a record of the 
readings. When seen at home during this final 
week of antibiotic therapy he was found to have 
remained afebrile and asymptomatic. 

On June 4th, ten days after cessation of anti- 
biotic therapv, a blood culture showed no 
growth. At that time, the hemoglobin was 13 gm. 
per cent, hematocrit 42.5 per cent, white count 
12,350, with 53 per cent neutrophils, 33 per 
cent lymphocytes, 5 per cent monocytes, 8 per 
cent eosinophils and 1 per cent basophils. Two 
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weeks later a blood culture again showed no 
growth. a 

When examined on July 8th the patient felt 
quite well. His record of temperature read- 
ings disclosed no fever during the six-weeks' 
period following discontinuance of antibiotic 
therapy. There was no dyspnea on moderate 
exertion, and the patient was eager to go back to 
work. The cardiac findings remain?d as pre- 
viously described and were the only abnormality 
on physical examination. An electrocardiogram 
was again normal. Re-examinations in the 
months of August, September and Ocrober failed 
to reveal any evidence of clinical relapse. 

Bacteriologic Studies. Eight of the aine blood 
cultures drawn during the first forty-cight hours 
of the second hospital admission grew out gram- 
positive bacilli. Cultures taken on May 7th 
(No. 10, 11, 12), May 11th (No. 13), May 13th 
(No. 14), May 19th (No. 15), June 4th (No. 16) 
and June 18th (No. 17) were all sterile. 

This organism grew readily on the usual 
laboratory media. Hemolysis occurred on blood 
agar, but took two to four days to appear on 
initial isolation. The bacillus was motile, both 
by hanging drop inspection and by growth in 
semi-solid medium. When offered various 
sugars, no gas was formed but acid was produced 
from: glucose, lactose, sucrose (late), maltose, 
mannitol, salicin, xylose and rhamnose. No 
reaction occurred with inulin, inosite, dulcite or 
arabinose. Citrate was not utilized, indole was 
not produced and H;S was not formed. Urea 
was split. B 

Forty-eight hours after inoculation of the 
conjunctiva of.an adult albino rabbrt by swab- 
bing gently with a twenty-four-Eour broth 
culture, there followed a purulent conjuncti- 
vitis.^* By microscopic examination, gram- 
positive bacilli could be seen within the leuko- 
cytes of the exudate. Culture of this pus grew 
out only gram-positive bacilli. 

An adult albino mouse was giver, by intra- 
peritoneal injection, 0.5 ml. of a twenty-four- 
hour broth culture. This mouse died after 
ninety-six hours. At necropsy the liver, spleen 
and mesentery were studded with small, pin- 
head sized, white nodules. Cultures of these 
nodules, peritoneal exudate, heart blood, all 
grew out gram-positive bacilli in pure. culture. 

This combination of morphology, cultural 
characteristics, biochemical reactions and patho- 
genicity is sufficiently unique to identify this 
organism as Listeria monocytogenes. » 
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Agglutination Studies. Using live, twenty-four- 
hour cultures of the Listeria isolated from the 
patient (grown in trypticase-soy medium at 
37°c.), the patient's serum was tested for ag- 
glutinins. Serum was diluted with sterile saline 
to which had been added crystalline penicillin G 


TABLE It 
AGGLUTINATION OF LISTERIA ISOLATED FROM THE 
PATIENT BY THE PATIENT'S OWN SERUM 
(SEE TEXT FOR METHODOLOGY) 


Fina! Dilution 


Date 


1:10/1:20/1:40|1:8011:160|1:320|1:64011 :1280 ond 
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March 22, 1954. 
April 27, 1954.. 
May 4, 1954... 
May 13, 1954.. 
May 19, 1954.. 
June 4, 1954,., 
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C = complete agglutination; I = definite, but incomplete agglutina- 
tion; 0 = no definite agglut ation. 

* Control serum obtained from a patient in first week of therapy for 
Strep. viridans subacute bacterial endocarditis. 

+ Normal serum obtainec irom one of the authors (P. H.). 


(final concentration 10 units per ml.) and strep- 
tomycin (final concentration 25 wg. per ml.). To 
0.5 ml. amounts of each serum dilution, in 10 
by 75 mm. tubes, was added 0.5 ml. of the cul- 
ture. The tubes were capped with parafilm, 
mixed by repeated inversion, and incubated at 
37?c. for two hovrs. After twenty-four hours 
in the refrigerator they were read. Firm edges to 
the agglutinated button, together with a clear 
supernatant, were taken as evidence of complete 
agglutination (designated C in Table 1). Slight 
turbidity, as compared with the saline control, 
a diffuse edge to the precipitate, and coherent 
masses spinning up on tapping the tube, were 
taken as signifyirg incomplete agglutination 
(designated I in Table n). Lesser degrees of 
agglutination were considered too subjective in 
reading to be wortky of reporting (designated 0 
in Table nm). Agglctinations were attempted us- 
ing formalinized bacteria. A twenty-four-hour 
broth culture was treated with 149 volume of 
37 per cent formalin by incubation at 37°c. for 
twenty-four hours; the bacteria were washed 
twice with normal saline, re-suspended in 
normal saline for use. With this antigen, ag- 
glutination was observed in all tubes, including 
the saline control. 
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Control serum was obtained from a patient ill 
with subacute bacterial endocarditis due to 
Streptococcus viridans; this patient was in Ler 
first week of therapy. Normal serum was cb- 
tained from one of the authors (P. D. HL). 
The agglutination results are tabulated in Table 
II; serum from the first admission (March 22nd) 
was also tested for agglutinins. 


COMMENTS 


One can only speculate as to when this pa- 
tient’s illness began. From the agglutination aad 
historical data he must have been ill fcr some 
time before his admission on March 21, 1954. 
He was known to have had occasional episodes of 
fever for at least three weeks prior to this admis- 
sion. He had experienced arthralgia and astheria 
four months before this admission and it is 
possible that his disease began at this time. Since 
subacute, bacterial endocarditis frequently fol- 
lows dental surgery and usually has an irsidicus 
onset, it is not impossible that the disezse 
began as far back as the dental surgery of June 
and July, 1953. In favor of a shorter duration of 
illness was the finding at the initial admission of 
a normal hemogram, and the development dur- 
ing the interval between admissions of the 
anemia characteristic of subacute bacter.al 
endocarditis. As far as could be ascertained, the 
patient had no contact with animals that might 
have been infected with Listeria. 

` The source of the embolus causing infarction 

of the left lower lobe of the lung could not pe 
definitely fixed. There was no clinical evidence 
of leg vein thrombophlebitis. While there were 
no definite signs of tricuspid or pulmonary valve 
disease, involvement of these valves might have 
been masked by murmurs arising fram tne 
already diseased aortic and mitral valves. 

Urticaria, due to allergy to penicillin G, was 
the only untoward effect engendered by tae 
antibiotic therapy given this patient. By sub- 
stituting penicillin O for the offending penicillin 
G, and giving antihistamine medication, it was 
possible to continue to give large doses of 
penicillin with minimal discomfort -o tne 
patient. | 

Of most interest in this case is the finding in 
the patient's serum of a significant level of 
agglutinins for the Listeria causing his illness. 
It should be emphasized that except for two 
reports, to be discussed, studies on immunity in 
human Listeria infections have failed to reveal 
significant antibody levels. 
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Janeway and Dammin? pointed out the 
Listeria agglutinating power of horse serum. In 
serum from a patient acutely ill with Listeria 
meningitis, Carey! reported Listeria agglutina- 
tion in a dilution of 1:640. Because this patient 
had received anti-meningococcus horse serum, 
and since there were no agglutinins in serum 
obtained two weeks after recovery, the initial 
high titer probably represented passively ob- 
tained horse serum agglutinins. 

Kapsenberg!! reported a titer of 1:800 in a 
patient ill with Listeria meningitis. No informa- 
tion was given as to time during illness when this 
serum was obtained, or what preceding and 
succeeding titers were. The patient survived and 
it was mentioned that sulfapyridine was used in 
treatment; no statement as to whether or not 
horse serum had been given was included. 
Further, there was no description of the ag- 


_glutination method and no mention was made 


of control sera. . 

Beute et al.!? described listerosis in a sixty-nine 
year old woman. This illness apparently began 
as a severe conjunctivitis, with signs and symp- 
toms of meningitis developing about a week later. 
Listeria -was isolated from the cerebrospinal 
fluid. Sera from the patient were tested for 
agglutinins active against the Listeria isolated, 
with these. results: l 


1 week after onset of conjunctivitis negative 
(4 days after meningitis) 

3 weeks after onset of conjunctivitis 1:1600 
(17 days after meningitis) 

5 weeks after onset of conjunctivitis 1:800 


(32 days after meningitis) 


Penicillin and sulfonamide therapy secured 
recovery; there was no mention of horse serum 
administration. The agglutination method was 
not described nor was use of control sera. 

Bennett et al.'* in reporting a case of Listeria 
meningitis sought serum agglutinins against the 
infecting Listeria. No agglutinins were found in 
sera obtained from the twelfth to the thirty-fifth 
hospital day. Both live and formalinized bacteria 
were used. 

' Line and Cherry! described two cases of 
Listeria meningitis. Using formalinized bacteria, 
complete agglutination was not obtained beyond 
a final dilution of 1:50; a trace was reported at a 
final dilution.of 1:200. 

Finegold et al.1ë looked for agglutinins in one 
of their two cases of Listeria meningitis. They 
obtained only partial agglutination at a final 
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dilution of 1:40 with acute serum and 1:80 vail 
convalescent serum. Formalinized bacteria were 
used in their studies. 

From these data it seems most likely that 
significant agglutination titers are not associated 
with Listeria meningitis. Infectious mono- 
nucleosis, according to Webb's case,!® also does 
not make for high agglutinin titers. He reported 
a classic case of inféctious mononucleosis 
(heterophile titer of 1:2048); Listeria was 
isolated from the blood. This patient’s serum 
gave only a trace agglutination at a 1:25 dilution 
on the thirty-seventh day after onset of the ill- 
ness. One year later the same titer was obtained. 

Janeway and Dammin? found no significant 
quantity of agglutinin for Listeria in the sera 
of thirteen patients ill with indisputable infec- 
tious mononucleosis. - 

The finding, then, of subacute bacterial 
endocarditis due to Listeria, while in itself 
unique, presents one of the few instances of 
Listeria infection in which significant antibody 
production has been demonstrated. Just as the 
non-invasive character of Listeria mizht lead one 
to predict it would be found to cause subacute 
bacterial endocarditis, so might one also predict 
that in such an infection significant levels of 
antibody would obtain, as the allergic aspects 
of subacute bacterial endocarditis pathogenesis 
demand.!™?!° 


SUMMARY 


1. A case of subacute bacterial endocarditis 
due to Listeria monocytogenes is described. A 
review of the writings on both human Listeria 
infections and bacterial endocarditis has dis- 
closed no previously reported case of subacute 
bacterial endocarditis due to this organism. 

2. Significant levels of agglutinins active 
against the Listeria causing the pat-ent’s illness 
were demonstrated in his serum. Th2 agglutinin 
titer fell from 1:320 in the untreated state to 
1:40 after cure. In more commcn forms of 
human Listeria infection significan: agglutinin 
titers have rarely been reported. 

3. Antibacterial therapy consisted of concomi- 
tant administration of crystalline penicillin, 
dihydrostreptomycin and erythrornycin. Five 
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months after cessation of therapy, there was no 
indication of relapse. 
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Editorial 


The Interrelationships of Ventilation, 


Circulation and Metabolism 


OMPARED to the vast amount of investi- 
gation of circulatory mechanics little 
attention has been given to the ventila- 
tory counterpart of the homeostatic mechanism 
Much recent work has been done in the la»ora- 
tory of the physiologist to remedy this defec: 
but so far little of it has permeated clinica. 
thought. 

The superficial aspects of the ventilatory acı 
have long been familiar to clinicians; suck 
aspects include the types of breathing describec 
by Kussmaul, Cheyne-Stokes and Biot, the 
orthopnea of heart failure or asthma and the 
rapid shallow breathing of pneumonia. Inter- 
spersed in the clinical jargon of the day fre- 
quent surmises can be heard that this or tha: 
anxious or hysterical person exhibits a ““hyper- 
ventilation syndrome," yet rarely is an effort 
made to verify the conjecture even by testing 
Chvostek's sign. This is understandable as 
regards laboratory confirmation because cf the 
ephemeral nature of the phenomena and the 
elaborate equipment requisite for the proof 
Hypoventilatory syndromes with respiratory 
acidosis are recognizable in morphine poison- 
ing, emphysema with bronchitis or bronchitic 
asthma or in some cases of poliomyelitis, and the 
clinical surmise can be checked by determina- 
tions of the pH and tensions of the respiratory 
gases in the arterial blood. It was not easy tc 
recognize that in many patients with polio- 
myelitis hyperventilation occurred in the respi- 
rators and this was often the cause of the subse- 
quent difficulty in weaning them from the 
“iron lung." This is apparently due to the 
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increased sensitivity which the respiratory center 
acquires as a part of its adaptation to low car- 
bon dioxide tensions resulting from prolonged 
hyperventilation. 

It is with the aberrations of homeostasis that 
the clinician is primarily concerned. To main- 
tain constancy of the internal environment of 
the body, in view of the wide variations in the 
metabolic demands of the cells, requires the 
closest coordination of the ventilatory events 
with those taking place in the circulation. Dis- 
turbance of the normal relationships between. 
ventilation and blood flow is immediately 
reflected in the tensions of the alveolar gases 
and their equilibration with those of the blood. 
Unless these changes are promptly compensated 
for by electrolyte. shifts between plasma and 
cells, the degree of alkalinity of the blood may be 
altered until a slower form of compensation is 
effected, primarily by the activity of the kidneys 
and also by the gastroenteric mechanisms for 
altering the base, chloride and phosphate of the 
blood. Conversely, when the primary disturb- 
ance occurs in these latter mechanisms or 
through some alteration in the intermediary 
metabolism, the most prompt reactions toward 
homeostasis are those affected by altering ventil- 
ation and blood flow, assuming, of course, that 
the coordinating activity of the nervous system 
is not impaired by narcosis, blocking agents or 
other pharmacodynamic effects which may alter 
the sensitivity of the nervous system mechanism. 

In recent years an enormous amount of work 
has gone into the systematic mapping out of the 
afferent nervous system pathways from various 
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types of receptors distributed widely over the 
body, by means of which the modifications of 
ventilation and circulation are mediated. These 
receptors are of two general types, those which 
are stimulated mechanically and are known as 
"stretch receptors,’ and those which are 
stimulated chemically by changes in reaction or 
changes in CO: and Oz tension and are known 
as chemo-receptors." The progress of this work 
has been well reviewed recently by Dawes and 
Comree.! 

The mechanics of respiration was the subject 
of a review by W. O. Fenn in this journal in 
1951.? A valuable compilation of the many pa- 


pers from Fenn’s laboratories was published in a - 


technical report of the United States Air Force 
in the same year.’ Rahn‘ in one cf these papers 
(and Riley and Cournand® independently) 
deals very clearly with the relationship of 
ventilation to blood flow in the pulmonary gas 
exchange of normal subjects. While this implies 
normal regulatory mechanisms and no abnormal 
barriers to diffusion of gases between the alveoli 
and the pulmonary capillaries, such as may 
exist under pathologic conditions, these papers 
will remain important guides to cl:nical thinking 
when dealing with such conditicns. Rahn has 
derived an equation from the blcod flow equa- 
tion of Fick and the alveolar ventilation equation 
of Fenn. With the aid of the Henderson diagram 
for blood and the Fenn diagram for gas respira- 
tory quotient, Rahn was able to represent 
graphically all the simultaneots tensions of 
oxygen and carbon dioxide which satisfy the 
combined equation in which the use of alveolar 
ventilation V, and blood flow F as a ratio, 
V,/F, makes it unnecessary to take account of 
the level of metabolism. Each point on the curve 
represents a particular V,/F ratio with its 
corresponding respiratory quotient. At the 
usual or average respiratory quotient of 0.8 the 
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V,/F ratio is 1.0 and the corresponding partial 
pressures of Os and CO; are 100 and 40 mm. Hg 
respectively. The mean of the normal range of 
alveolar respiratory quotients is from 0.7 to 1.0; 
with mean values above 1.0 the V,/F ratios are 
increased and relative hyperventilation is indi- 
cated, while respiratory quotients below 0.7 and 
correspondingly low V,/F ratios indicate rela- 
tive hypoventilatian. 

Ín clinical thinking the concept of this ratio 
becomes important in that hyperventilation may 
be dependent as. much upon failure of the blood 
flow to maintain parity with the ventilation as 
upon augmentation of the ventilation fer se. 
Conversely, hypoventilation may depend as 
much upon an inzreased blood flow with which 
the ventilation does not maintain parity as upon 
depression of the ventilation. 

In a recent paper by Alexander, Spalter and 
West® the hyperventilation of salicylate toxicity 
has been shown to be due to increased respira- 
tory sensitivity to zhe carbon dioxide stimulus. In 
this issue of the Journal, Tenney and Miller’ 
have studied the circulatory, ventilatory and 
metabolic effects of this drug. They; too, have 
found that salicyiate exerts a direct respiratory 
stimulant action on the medulla, independent 
of aortic or carotid chemoreceptors. They have 
added that salicylate is a profound metabolic 
stimulant acting primarily on skeletal muscle. 
The circulatory r2sponse to salicylate is affected 
partially by an increase in cardiac output and to 
a large extent by a widening of the A-V oxygen 
difference. The net result was a lowering of the 
P4, CO; and a rise in pH. In other words, the 
V,/F ratio was increased by the failure of the 
cardiac output to increase in proportion to 
the rise in ventilation and metabolism. 

In a previous paper? Tenney pointed out that 
the diminished response of the respiratory center 
of a patient with emphysema is proportional to 


the degree of CO; retention. In general, he 


finds that the sensitivity of the respiratory center, 
as indicated by the slope of a stimulus response 
curve, appears to change in a manner inversely 
proportional to the degree of CO; retention. 


$ ALEXANDER, J. K., SPALTER, H. F. and Wzsr, J. R. 
Modification of the respiratory response to carbon dioxide 
by salicylate. J. Clin. Investigation, 34: 533, 1955. 

' Tenney, S. M. and Miter, R.. M. The respiratory 
and circulatory actions of salicylate. Am. J. Med., 19: 
498, 1955. 

8 TENNEY, S. M. Ventilatory response to carbon 
dioxide in pulmonary emphysema. J. Applied Physiol., 6: 
471, 1954. 
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In Tenney's studies on salicylate an interesting 
and important difference was found when oral 
administration is compared with intravenous 
injection of the drug. With oral administraticn 
the respiration is stimulated but the increase 
in the sensitivity of the center does not occur 
until the kidneys have had time to excrete base 
and lower the bicarbonate level of the plasma. 
Thus the person who receives salicylate ky 
mouth reacts as does the person who is adaptirg 
himself to the hypoxia of high altitude. When, cn 
the other hand, salicylate is given intravenousty 
the respiration is stimulated to the produczion of 
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an alkalosis, yet the center is not rendered more 
sensitive because there is no immediate com- 
pensatory lowering of the bicarbonate level, 
and the metabolic effect of the drug has greatly 
increased CO» production. 

These experiments of Tenney illustrate beauti- 
fully the precise correlation that must exist 
between ventilation, blood flow and metabolism 
if homeostasis is to be maintained. 

WiLLIAM S. McCann, M.D, 
University of Rochester 

School of Medicine and Dentistry 
Rochester, New York 


Clinical Studies 


The Respiratory and Circulatory Actions 


of Salicylate’ 


S. M. Tenney and R. M. MILLER 


HE voluminous literature on the salicylates 

attests not only to their importance but 

also to the uncertainties and controversies 
associated with their action. Comprehensive 
reviews!-? over the years have emphasized many 
of the areas of doubt. Most authors agree that 
respiratory stimulation is an important action of 
the salicylates but precise quantitation of this 
response is wanting. The locus of action is 
not certain, although there are reports in the 
literature which purport to'show that peripheral 
receptor systems are essential if stimulation is to 
occur.*~? Direct medullary stimulation has been 
implied in many instances but:remains un- 
proven. The important question of salicylate 
effect on the acid-base balance of the body still 
remains controversial, although there is ac- 
cumulating evidence which indicates that 
respiratory alkalosis is the most common result 
in adult man.? Arguments persist as to whether 
there is a transient period of acidosis which 
serves as the initial respiratory stimulant. The 
effect of salicylate on gaseous metabolism? !? has 
been largely neglected and may serve as a 
major clue to the final effects on both the 
respiratory response and the ultimate acid-base 
pattern. Finally, the response of the circulatory 
system, which must serve as the integrator 
between lung and tissue in the altered respira- 
tory state of salicylism, has not been adequately 
studied. 

Experiments (designed for both man and dog) 
were performed to answer some of these prob- 
. lems and they form the stibject matter of this 
report. 


METHODS 


Mongrel dogs anesthetized with intravenous 
sodium pentobarbital (27 mg./kg. body weight) 


constituted the principal experimental prepara- 
tion. Attention wzs directed to maintaining as 
nearly as practicable a steady state under 
anesthesia. This was done by continuing an 
intravenous drip of low concentration pento- 
barbital in saline solution (half of the calculated 
anesthetic dose in 500 cc. saline solution) at the 
rate of approximazely 40 drops per minute. An 
endotracheal tube was inserted and fitted to a 
low resistance check valve. Alveolar (end tidal) 
samples were collected by syringe from an 
endotracheal polyethylene catheter. One ml. 
aliquots were aspirated at end tidal flow for five 
successive breaths and analyzed for CO; and Os 
by means of the Scnolander-Roughton micro-gas 
analyzer." Arterial blood was collected from the 
carotid artery and mixed venous blood from the 
right ventricle via catheter. Blood samples were 
analyzed for CC, and Os contents by the 
method of Van Slyke and Neill.!* Whole blood 
pH was determined immediately at 38?c. by the 
Beckmann model G pH-meter. Intravascular 
pressures were recorded with Statham strain 
gauges and a Sanborn polyviso oscillograph. 

A]l observations on man were made while the 
subject lay comfo-tably in the supine position. 
Oxygen consumption was determined under 
basal conditions. Ventilation measurements were 
made through a mouthpiece and check-valve 
arrangement, the input of which led from a 
Douglas bag containing the desired inspiratory 
gas mixture and the outlet connected to a low 
resistance gas meter previously calibrated at 
both high and low flow velocities against a 
spirometer. Respiratory frequency was recorded 
with pneumograph. The inspired gas mixtures 
employed were 100 per cent Os, 3 per cent CO, 
in 97 per cent Os, and 5 per cent CO; in 95 per 
cent Oz These mixtures were breathed for 


* From the Departments of Medicine and Physiology, University of Rochester School of Medicine and Dentistry, 
Rochester, New York. Supported in part by a research grant from the National Heart Institute, National Institutes 
of Health, United States Public Health Service and the Ernest L. Woodward Medical Research Fund. 
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fifteen minutes each but the mean minu:e 
volume and respiratory frequency for on.y 
the last five minutes were computed. All volumes 
were corrected to body temperature and pres- 
sure, saturated with water vapor (BTPS). At the 
end of each run a Haldane-Priestley alveclar air 
sample was collected and analyzed for CO, ard 
O». The respiratory dead space was measured n 
each subject by determining the alveolar ard 
expired CO; concentrations and applying the 
Bohr equation. Alveolar ventilation was then 
calculated in the usual way [alveolar ventila- 
tion = minute volume expired — (respiratory 
frequency X dead space volume)]. The normal 
subjects were all trained in respiratory manea- 
vers, and at least three consistent control ruas 
were required before evaluating effects of the 
drug. Ácute experiments involving intravenous 
salicylate were preceded by a control run on all 
gas mixtures immediately prior to exhibition of a 
drug. The salicylate response was observed by 
initiating measurements twenty minutes after 
drug administration. 

Sodium salicylate solution was always em- 
ployed in a concentration of 1 gm. per 5 cc., 
pH 3.5. 

Patients on salicylate therapy were studied .n 
the same manner except that no data were oD- 
tained on CO; breathing. 


RESULTS 


Acute Response to Sodium Salicylate in the Dos. 
Figure 1 illustrates a representative experimeat 
in which the immediate changes following the 
intravenous injection of sodium salicylate (100 
mg./kg. body weight) are recorded. Following 
an approximately one-minute latent period, 
ventilation was enhanced and the alveolar CO, 
tension began, to fall. The only detectable 
change in arterial pH was a continuing rise from 
the normal value concomitant with the fall -n 
CO; tension. No early fall in pH preceding 
respiratory stimulation was ever observed. 
Beginning shortly after the initial increase :n 
ventilation there developed a gradual increase 
in oxygen consumption which reached its maxi- 
mum in about twenty-five minutes. At tkis 
dosage range the oxygen consumption was 
nearly doubled. The early hyperventilation was 
attended by an increase in the respiratcry ex- 
change ratio but by the time oxygen consump- 
tion had reached its maximum the respiratory 
quotient had returned to control values, and the 
oxygen consumption and carbon dioxide produz- 
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tion were equivalent. That the increase in oxy- 
gen consumption is not secondary to the increase 
in ventilation will be shown subsequently. 
Indeed, the major part of the increase in ventila- 
tion after the first five minutes of the effect of 
the drug is secondary to the augmented CO» 
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Fic. 1. Respiratory responses of the dog immediately 
following the intravenous injection of 100 mg./kg. 
body weight sodium salicylate. 


production. It is for this reason that the later 
increase in ventilation is not attended by much 
further fall in alveolar CO; tension or further 
rise in arterial pH. In some instances this 
metabolic demand on ventilation may exceed its 
response, particularly under deep anesthesia, 
and a rise in CO; tension in the blood and 
alveolar air may result. Some of the questions 
which such observations pose are considered in 
the following experiments. 

Metabolic Effect of Salicylate. ‘The pronounced 
effect of salicylate on respiratory gas metabolism 
is unequivocal. Figure 2 illustrates the dosage- 
response relationship of this effect. Apparently 
there is a maximum change in oxygen consump- 
tion achieved at about 100 mg./kg. for sodium 
salicylate. At higher levels the range of response 
is wide; at very high doses (150 mg./kg.) many 
individuals may respond less than with a 
smaller dose. 

The source of such à major metabolic effect is 
probably in skeletal muscle. The predicted 
response to a dose of 100 mg./kg. is achieved in 
both the eviscerated dog and the “functionally 
hepatectomized" dog (Eck's fistula with hepatic 
artery ligation), indicating that the liver is not 
the principal source of increased oxidative 
requirement. Figure 3 illustrates that the 
response is independent of central and peripheral 
nervous control. Three decapitated dogs re- 
vealed the predicted metabolic response to 
salicylate; a similar number under the influence 
of curare showed no difference in this response 
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from intact dogs. ‘The metabolic response is also 
readily exhibited in the presence of established 
adrenal blockade (dibenzyline®) so that the 
“calorigenic action" of epinephrine is not im- 
plicated. This would appear to establish that the 
response reflects metabolic processes in the 
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Fic. 2. Dose-response data for sodium salicylate effect 
on oxygen consumption in the dog; determinations 
made twenty-five minutes after drug administration. 
Numbers in parentheses refer to number of experi- 
ments performed to define each mean point. 


peripheral tissues. Recent zn vitro studies support 
this contention,!? although Lutwak-Mann could 
detect no significant change in the oxygen con- 
sumption of liver slices except in the presence of 
high concentrations of salicylate when it acted 
as a metabolic depressant.!* 

The respiratory response to salicylate in the 
intact dog is a summation of (1) direct central 
stimulant action and (2) increased metabolic 
production of carbon dioxide. The magnitude of 
the latter stimulus may be seen in isolation if 
ventilation is held constant throughout the 
experiment. Figure 4 illustrates a typical experi- 
ment in which salicylate was administered to a 
dog already under the influence of curare, and in 
which ventilation was artificially maintained at 
a constant rate in a whole body respirator. As 
the metabolic effect develops the blood reaction 
becomes acid and the tension of carbon dioxide 
rises in the alveolar air. The extent of this acute 
respiratory acidosis is directly proportional to 
the increase in metabolic CO; production. It is 
clear from these experiments that the increase in 
oxygen consumption observed in the intact dog 
is not secondary to hyperventilation. 

Salicylates as Direct Central Nervous Stimulants. 
The observed fall in alveolar CO; tension and 
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Fic. 3. Segments of spirometer tracings of decapitated 
and curarized dogs maintained at constant ventilation 
in whole body respirator. In each pair the lower trace 
is control and the upper is the record made twenty-five 
minutes after salicylate (100 mg./kg.). 
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rise in arterial pH in the intact dog following 
salicylate administration implies a direct action 
on the ventilatorv mechanism. Experiments 
have been interpreted as proving that this effect 
is mediated via peripheral receptors since it 
could not be demonstrated in the vagotomized 
animal.*$7? It should be emphasized, however, 
that in each instance two large salicylate doses 
were administered within a short time interval, 
once before and once following vagotomy. Lack 
of ventilatory response to the second dose can- 
not be accepted as final evidence for the necessity 
of vagal pathways since the same lack of response 
is seen in the intact dog when a second dose 
closely follows the first. 

If the major part of the ventilatory increase is 
secondary to the metabolic stimulating action of 
salicylate, it would be anticipated that the 
medullary centers anly would be involved since 
this is the locus of action for CO;s. The direct 
drug stimulating effect might, however, depend 
upon a different area. That this area is not 
the chemoreceptor of the carotid or aortic 
arteries is shown by experiments of the type 
illustrated in Figure 5. Both vagi were severed 
and both carotid bodies denervated in the dog. 
Functional denervation was established since 
no respiratory stimulation occurred when the 
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animals breathed 5 per cent Oz in.95 per cen: 
Nz. However, immediately after administration 
of sodium salicylate intravenously there was an 
increase in the minute volume expired. The 
subsequent sequence of events in the vagotom- 
ized animal differed from the intact preparation 
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Fic. 4. Effect of 100 mg. /kg. sodium salicylate on acid- 
base balance and respiratory gas metabolism of zura- 
-rized dog in whole body respirator maintained at con- 
fee ventilation; drug administered at zero time over 
two minute time interval. 


25 30 35 


only in that there was less increase in respiratory 
frequency. 

That the locus of action of direct salicylate 
respiratory stimulation is in the central nervous 
system may be shown by applying low concen- 
trations of salicylate to the region of the medulla. 





Fic. 5. Spirometer record of dog with both vagi sec- 
tioned and both carotid bodies denervated; ventilation 
is not altered by 5 per cent Os in 95 per cent N: but 
increases after intravenous injection of sodium salicylate 
(100 mg./kg.). 


Three dogs studied in this manner gave con- 
sistent results, and a representative experiment 
is noted in the graphs in Figure 6. A needle was 
placed in the cisterna magna with the dog 
maintained in a slightly head-down position. 
Control observations were afforded by slowly 
withdrawing 2 ml. of cerebrospinal fluid and 
replacing an equal volume of phosphate buffer 
at pH = 7.34. Minimal changes in ventilation 
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occurred. Again 2 ml. were withdrawn, and a 
solution of sodium salicylate (1:500) in phos- 
phate buffer adjusted to pH = 7.34 was 
injected. This was followed by a prompt and 
dramatic increase in ventilation, a fall in alveolar 


- CO» tension and a rise in arterial pH, which oc- 
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Fic, 6. Respiratory changes following injection of 2 cc. 
1:500 sodium salicylate in buffer into cisterna magna 
of dog; see text. 


curred without any attendant rise in oxygen 
consumption. These effects then represent only 
the direct stimulating action of salicylate on the 
central nervous system. It is of considerable 
interest that as this action became more marked 
the respiratory frequency increased to such a 
degree that dead space ventilation occupied a 


TABLE I 
PHYSICAL DATA OF NORMAL SUBJECTS 





: Age, | Height | Weight | face | Space 
Subject | ‘sc a ) | (kg) | Area Volume 
(M?) | (cc.) 
R.M. |34,M | 183 TT 2.0 118 
A. M. |26,F | 174 59 1.72 114 
B. S. | 27;M | 186.5 95 2:2 100 
M. C. | 28, F i| 171 60 1.7 111 
M. T. | 32,M | 176 68 1.85 160 


larger fraction of the minute volume and effec- 
tive alveolar ventilation remained essentially 
constant in spite of the continuing increase in 
minute volume expired. It is for this reason that 
the alveolar CO; tension and arterial pH levelled 
off after the first few minutes, but at a new level 
characteristic of respiratory alkalosis. 

Salicylate Action in Normal Man. Five normal 
adult subjects with physical characteristics cited 
in Table 1 were studied in the manner described 
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under the section on methods. Table 1 lists the value. Thus an alveolar ventilation value which 
respiratory data obtained following intravenous is twice the control alveolar ventilation. while 


injection of 2 gm. of sodium salicylate. Im- . breathing room air is expressed as an alveolar 
mediate respiratory stimulation was observed ventilation ratio of 2. 
in each instance with development of a slight The immediate effect of sodium salicylate is to 


respiratory alkalosis. A group mean increase in shift the stimulus-response curve to the left but it 


TABLE I 
RESPIRATORY DATA IN NORMAL MAN 





Expired Volume, L./rin. Alveolar CO: Tension, Respiratory Frequency, 
(BTPS) mm. Hg Breaths/min, 
Plasma Oxygen 
Period Subject | Salicylate | Consumption 
(mg. %) | (ml/min) | Room | 3% 5% | Room | 3% 5% | Room | 3% 5% 


' Air CO: CO: Air CO»? CO Air COa CO: 























Control RM (5)* 0 273 7.59 43 2 47 7.9 13.5 16 
AM (3) 0 22. > 4.28 43 7 48.7 5 8.2 9,7 
BS (4) 0 273 8.1 41 7 44.3 8.1 10 13.4 
MO (3) 0 203 : 4.97 46 3 51.8 8 9.4 10.4 
MT (3) 0 224 6.7 423 | 44.7 8.4 | 11.2 | 13.4 
Mean xi 232 6.33 43 4 47.3 7.5 10.5 12.6 

Twenty-five min- | RM (2) 22 273 8.62 42 49 9.0 17.2 18 
utes after 2 gm. | AM (2) 22 27* 5.56 T 45.4 5.2 6.4 7.8 
‘Na salicylate | BS (2) 22 295 7.68 373 40.7 7.6 12.8 17.8 
intravenously | MC 2) 27 , 233 * 5.95 48.6 52.0 7.8 9.2 10.8 
7g MT (2) 27 233 8.55 36.5 43.2 8.6 1276 16.4 
Mean 24 261 7.27 41.1 46.0 7.6 11.6 14.2 

Oral aspirin, 2nd | RM 21 T 7.9 43.7 44 11.4 15.2 19 
day, 3gm./day | AM 32 2 5.71 41.4 46.2 5.0 7.6 8.6 
BS 29 fa sud 37.3 40.4 9.6 21.7 22.6 

MC 35 ate 6.94 43.2 49.2 8.6 11.6 14 
MT 37 a 7.68 36.2 . 43.6 9.6 13 17.4 
Mean 31 = 7.47 40.3 44.7 8.8 13.8 16.3 

24 hrs. after oral | RM 23 2 10 42.5 42.5 14.4 13.9 16 
drug discon- AM 23 z 5,44 41.2 42.8 4.4 7.4 10.8 
tinued BS 16 " 9.15 41.1 42.2 7.6 10.4 12.4 
Ma 38 z 6.84 41.2 45.3 9.2 11 13.8 

MT 35 A 7.68 36.2 38.8 11 15.8 18 
Mean 27 " 7.82 40.4 42.3 9.3 11.7 14.2 


^o 





* Figures in parentheses refer to number of determinations made on each subject. 


oxygen consumption of 18 per cent was noted. remains parallel to the control curve. The pro- 
Our interpretation of these effects is the same as longed action following oral administration of 
for similar experiments previously cited for the the drug results not only in a further shift to the 
dog. Also listed in Table m are the respiratory left but also in a steeper ascent. Since the slope of 


data obtained in these same five subjects as they AVaR 


such a curve ( ) is a quantitative esti- 


ingested 8 gm. of acetylsalicylic acid (enteric- A2,CO, 

coated) per day for a period or. three days. mate of the ventilation response for any incre- 

Continued hyperventilation is in evidence. ment in alveolar CO; tension (stimulus), it may 
The mean ventilatory response to carbon be regarded as an index of the “sensitivity” of 

dioxide in these subjects is indicated in Figure 7. the respiratory center to carbon dioxide. The 


On this graph the respiratory stimulus is con- response of the body to prolonged ingestion of 
sidered ,as the alveolar CO» tension and is acetylsalicylic acid is to cause a 24 per cent 
plotted on the abscissa. The resporse, plotted on increase in sensitivity of the respiratory center to 
the ordinate, is the alveolar ventilation ratio carbon dioxide (slope constant of ventilation line 
(VaR). The calculated alveolar ventilation while changes from 0.23 to 0.41), as well as main- 
the subject is breathing room air during the tained hyperventilation. The absence of change 
control per iod i 1S defined as the alveolar ventila- in sensitivity with. rapid intravenous administra- 
. tion ratio equal to 1. All other alveolar ventila- ^ tion of salicylate and the further increase in 
tion ratios are calculated in reference to this ^ sensitivity on the first day after cessation of the 
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orally administered drug, in the face of a sligkt 
fall in -mean blood salicylate level, suggest thet 
this change is not due directly to the salicylate 
but is the result of secondary changes in blood 
and tissue attending prolonged hyperventilatior. 
Similar respiratory data have been obtained ia 
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Fic. 7. Mean ventilatory stimulus-response curves tc 
CO: in normal man; equations noted are calculated by 
method of least mean squares and define the lines fitted 
to mean value points. Data are from Table m or cal- 
culated from it (VaR); values at end of line are mean 
blood salicylate levels for each curve. 


three patients receiving prolonged salicylate 
therapy. The mean alveolar CO; tension in this 
group was 25 mm. Hg and oxygen consumption 
was increased by 30 per cent. No additional 
information was added other than to establish 
that the maintenance of hyperventilation and 
increase in oxygen consumption is manifest im 
the presence of disease as well as in health. 
Graphic Synthesis of Combined Respiratory Actioz 
(Direct and Metabolic). For convenience in 
quantitating individually the combined effects of 
salicylate which occur simultaneously in intac: 
animal and man the graph of Figure 8 has beer 
constructed. The simple mathematical relation- 
ships of alveolar CO; tension, alveolar ventila- 
tion and metabolic CO; production in the bod» 
are portrayed on the major area. Relative value: 
are used, insofar as possible, in order to compare 
heterogeneous populations as well as to empha- 
size the generality of these relationships. The 
abscissa is the tension of CO; in the alveolar air? 
The normal value is arbitrarily selected a: 
40 mm. Hg. The ordinate represents. relative 
CO; production. Whatever the absolute control 
value, itis represented by 1 on this axis. A simila- 
ordinate is drawn for oxygen consumption bu- 
remains valid throughout any experimental 
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procedure only so long as the respiratory gas 
exchange -atio is the same for any two time 
periods being compared. If the gas exchange 
ratio is 0.8 and the absolute value of CO; 
production at the control period is 80 cc: per 
unit of time, then it is clear that the similar 
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Fic. 8. Gra»hic representation of interrelation of al- 
veolar CQO, tension, metabolic CO» production and 
alveolar vertilation (portrayed as family of alveolar 
ventilation ratio isopleths radiating from origin); solid 
dots represemt mean control alveolar points, and arrows 
indicate dirsction of movement of alveolar points in 
appropriate experiments to arrive at final values indi- 
cated by opzn circles. (See text for interpretation.) A, 
mean final zlveolar point of dogs with pure respiratory 
stimulation following application of sodium salicylate 
to fourth ventricle of brain; B, final mean point for 
normal man receiving prolonged oral salicylate therapy 
with mean »lood level of about 30 mg. per 100 cc.; 
Q, mean final point for anesthetized dogs receiving 
100 mg./kg. sodium salicylate intravenously; D, mean 
final point Jor curarized dogs receiving 100 mg./kg. 
sodium salicylate and maintained at constant ventila- 
tion in whole body respirator. 


point on the oxygen consumption scale, indi- 
cated at rekative value 1, represents an absolute 
oxygen .comsumption value of 100 cc. The only 
advantage in: adding the oxygen consumption 
ordinate.is that thinking is often in terms of this 
parameter rather than of CO; production. Since 
alveolar CO; tension is directly proportional to 
the level ‘of metabolic COs production, but 
inversely proportional to the magnitude of 
alveolar ventilation, alveolar ventilation iso- 
pleths may be represented as a family of straight 
lines radiazing from the origin of this plot. | 
Alveolar ventilation ratios are indicated on the 
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appropriate lines. As the isopleths approach the 
vertical position the alveolar ventlation ratios 
converge rapidly to infinity since it is only at 
infinite ventilation that the alveolar CO; tension 
can remain zero. The normal alveo ar point is at 
40 mm. Hg alveolar CO tension, relative CO; 
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tally (points A and D). Point A represents the 
final alveolar value from pure central stimulant 
effect achieved in zhe dog by topical application 
of salicylate to the medulla. Point D, on the other 
hand, is the final zlveolar point for a dog whose 
respiration is maintained at a constant value in a 


TABLE Il | 
RESPIRATORY DATA IN DOGS BEFOZE AND AFTER INTRAVENOUS INJECTION OF 100 MG./KG. SODIUM 
SALICYLATE 





Respiratory | Minute Os Con- 





Mean 12.5 3303 213 216 


Venous 


Arterial | Arterial | Venous 





D Frequency | Volume E PaO: PaCO: | Blood Os CO; Os CO»; 
OB (breaths/ (L./ eg is D | (mm. Hg) | (mm. Hg) | pH | Content | Content | Content | Content 
min.) min.) (ml. /rain.) | (voL %) | (vol. 95) | (vol. 95) | (vol. 92) 
| 
Control 

1 9.5 1643 16: 96 44.6 4«90-| 15:9 48.8 | 11.7 52.4 
2 6 1770 14- 93 45.7 7.42 | 13.2 53.3 8.9 55.3 
3 5 834 67 100 37.4 7.44 | 14.0 48.6 11.5 49.9 
4 10 1430 8. 99.4 41.5 7.41 14.2 45.7 11.3 47.7 
5 10 2000 123 99 46.6 7.42 | 17.1 46.0 13.5 48.6 
6 8.5 2978 17 1 94 45.1 7.47 | 17.5 | 49.5 14.3 50.1 
7 7 1890 12: 104 36 7.41 18.1 44 14.5 47.7 

8 24 3504 125 108 35 7.44 | 12.9 | 46.5 BO T 
Mean 10 2006 127 99.1 41.5 7.44 | 15.36 | 47.8 | 11.8 50.2 

25 Minutes after Salicylate 

1 15 3960 32) 101 41.7 7.53 | 15.9 47.2 9.3 Sod 
2 5,5 1975 2435. d uuu 46.4 7.47 | 13.0 48.7 | 7.4 53.3 
3 6.5 1625 103 100 40.5 7.40 | 14.3 47.7 | 10.0 51.9 
4 13 2600 144 102 40.3 7.45 | 13.5 44.8 9.8 48.9 
5 14 3206 18) 95 36.6 7.52 | 18.6 38.8 -| 13.2 42.3 
6 10 4550 32) 94 44.4 7.47 | 17.3 48 12.5 55.2 
7; 9.5 2907 22) 103 37 7.50 | 15.4 43.1 8.9 50.4 
8 27 5606 193 126 20 7.47 | 15.1 38.1 9.7 44.7 
38.3 7.48 15-40 44.6 10.1 49.9 





production = 1, and lies on he alveolar 
ventilation ratio line labelled 1. Pure vertical 
displacement of the alveolar point represents 
ventilatory response which is entirely secondary 
to changes in the level of CO; procuction. Since 
in this instance the tension of CO; i3 the alveolar 
air (and arterial blood) remains vnaltered, the 
total respiratory economy of the kody is static. 
On the other hand, ventilatory response of 
purely nervous origin results in a horizontal 
displacement of the alveolar point with resultant 
changes of CO; tension and hence in acid-base 
balance of the body. Combined ef'ects are seen 
as vectoral resultants of the two “‘pure’’ cases 
cited. All possible variations .n salicylate 
response must fall within the area defined 
by the extreme vectors determined experimen- 


whole body respirator and can exhibit only the 
effects of salicylate-induced increase in oxygen 
consumption and carbon dioxide output. The 
alveolar point can move only up and to the right 
along the control alveolar ventilation isopleth. 
It is clear that if the ventilatory response does not 
keep pace with the increase in CO» production, 
respiratory acidosis develops. The usual effect 
seen in the lightly anesthetized animal or in man 
is a combination of the two with a dominant 
central stimulant action resulting in respiratory 
alkalosis (points B and C). 

The simultaneous events which take place in 
the blood during any acute experiment are 
represented at the top of Figure 8. À range of 
blood bicarbonate values is indicated in the 
upper right section. The common alveolar 
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(arterial) CO» tension abscissa allows one to 
draw a CO; dissociation curve which is indicated 
as the curved line in the figure. pH isopleths 
are calculated from the Henderson-Hasselbalch 
equation and are represented by the family of 


straight lines in this portion of the figure. The 


consumpt:on caused by salicylate is met by 
widening the arteriovenous oxygen difference 
but the ozher half is met only at the expense 
of increasing cardiac output. This is effected 
largely by an increase in stroke volume since the 
pulse rate increases only slightly. 


—ABLE IV 
CIRCULATORY DATA IN DOGS BEFORE AND. AFTER INTRAVENOUS INJECTION OF 100 MG./KG. SODIUM 
SALICYLATE 















Do Pulse Rate | Carotid Pressure | Right Ven-ricular Pressure A-V Cardiac Output | Stroke Volume 
5 | (beats/min.) | (S/D mm. Hg) (S/E mm. Hg) O: diff. (L./min.) (ml.) 
Control 
1 150 165/126 23.5/1 4.2 3.9 26 
2 125 162/120 13/0 4.3 3.45 21.5 
3 160 165/125 21/0 2.5 2.48 15.5 
4 78 180/138 223.5/0 2.9 2.93 37.5 
5 81 167/125 21/0 3.6 5.47 43 
6 150 225/175 37/0 3.2 5.60 37.3 
7 170 155/110 33/0 3.6 3.55 21 
8 145 134/100 3i/0 3.7 3.32 23 
Mean 133 169/127 23.9/0 3.5 3.59 28.8 
25 Minttes after Salicylate 
1 174 165/130 | 35/A 6.6 5.00 28.7 
2 126 164/128 2./0 5.6 4.32 34.3 
3 120 155/120 25/11 4.3 2.40 20 
4 78 179/143 22/1 3.7 3.90 50 
5 78 174/137 27/0 5.4 3.34 45 
6 150 218/175 34/0 4.8 6.66 44 
7 182 147/112 3 71 6.5 3.40 18.7 
8 180 172/120 42/0 5.4 3.56 19.8 
Mean 136 172/133 | 3-7/2 5.3 4.07 32.3 


i 


arterial point is determined by projecting 
vertically from the alveolar point until the CO; 
dissociation curve is met. The pH is then reed 
directly. This method is not applicable :o 
chronic experiments in which there may be 
compensatory excretion of bicarbonate unless 
one has sufficient data to draw the new dissocia- 
tion curve. | 

Circulatory Adjustments. It is of major interest 
to know how the body adjusts, in respect to the 
cardiovascular system, to the increase in oxygen 
consumption caused by salicylate. Tables m ard 
IV list the data obtained to help answer this 
question. The low arterial oxygen content noted 
during the control period, and the wide alveolo- 
arterial oxygen gradient, are characteristic of 
dogs under pentobarbital anesthesia.!? It is 
noted that about half of the increase in oxygen 
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Pressures in both the systemic and lesser cir- 
cuit increased promptly following intravenous 
administretion of sodium salicylate. Figure 9 
illustrates one such experiment. Within fifteen 
minutes systemic pressure tended to return to 
the approximate control value, although in one 
instance it fell below and in one instance (illus- 
trated) it remained above the control level for 
one hour. The gradual fall in systemic pressure 
to normal in the presence of an elevated cardiac 
output suggests peripheral vasodilatation and 
fall in vascular resistance to flow. This probably 
is related to the mechanism by which salicylates 
act to lower body temperature. Right ventricular 
pressure remained elevated throughout the 
course of all experiments; the extent of rise could 
be wholly accounted for on the basis of the 
increase in pulmonary blood flow. 
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and circulatory changes listed in or derived 
from Tables m and Iv is portrayed in Figure 10. 


COMMENTS 


The early clinical reports which indicated a 
metabolic stimulating effect of salicylate mace 
little comment on this response.? More recent 
studies have raised the interesting speculation as 
to whether the therapeutic actions of salicylatzs 
may in some way be related to the rise in tissue 
oxygen consumption.!?!? Little attention has 
been given to the major effect that the change :n 
respiratory gas metabolism may have on the 
interpretation of both the respiratory response 
and the ultimate change in acid-base balance. 
There is no clue to the biochemical mechanism 
by which this stimulation is mediated, although 
the similarity of the dinitrophenol effect has been 
pointed out.!? 

The change in sensitivity of the respirato^y 
center is not surprising since this altered state is 
readily observed in other situations of chroric 
hyperventilation, whether it is caused by pr>- 
longed hypoxia!? or mechanical hyperventila- 
ton.!* The order of change coincides well wich 
general predictions concerning alterations in 
CO; and bicarbonate discussed elsewhere.!? 

The present series of experiments confirms tie 
more recent view that in adult man respirato-y 
alkalosis is the anticipated alteration in acid- 
base balance associated with tbe effects of 
salicylate.? The older studies purporting to show 
a metabolic acidosis are almost certainly tae 
result of faulty interpretation of blood CO; com- 
bining power values. The fatal effects of 
salicylate during the terminal period require 
further clarification, but the older stud.es 
demonstrating a late fall in blood pH in the 
experimental animal may very likely be related 


to an acidosis which is not metabolic in the serse 


in which this term is ordinarily employed. If for 
any reason the ventilatory mechanism fails to 
keep pace with the increase in CO: production 
secondary to salicylate stimulation of metzb- 
olism, an acidosis results. It is, however, a 
respiratory acidosis since it must invariably 
be associated with a rise in alveolar (and arterial) 
CO; tension without a fall in plasma bicaroonate. 

The circulatory effect raises the interesting 
question as to whether, with large doses of 
salicylate, cardiac output also is increased. 
This would be of particular importance in such 
states as rheumatic carditis. A direct acticn upon 
the heart has been sought in isolated tissue 
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work in th= past but no consistent changes have 
been notec. High concentrations may be directly 
depressant, but lower concentrations have a 
stimulating effect on rate and amplitude of 
contraction.'*-*° A rise in systemic blood pressure 
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Fic. 10. Mean changes in respiratory and circulatory 
measurements plotted as per cent of control value, 
following intravenous injection of 100 mg./kg. sodium 
salicylate. =stimates calculated from data of Tables m 
and IV. 


has been noted in the past even in the face of 
vasodilatation.?'?? 


SUMMARY 


1. Sodium salicylate has a direct respiratory 
stimulant action. The locus of this effect is in the 
medulla end is independent of the aortic and 
carotid ckemoreceptor areas. 

2. Sodium salicylate also is a profound 
metabolic stimulant and may increase oxygen 
consumption two-fold. A dosage-response rela- 
tionship Eas been established in dogs, the maxi- 
mum effect being noted at dosages of about 100 
mg./kg. when the drug is given intravenously. 
The source of metabolic increase is primarily 
skeletal n-uscle and is independent of the central 
and peripheral nervous system. It is also not 
dependent on epinephrine release. 

3. In normal man prolonged salicylate ad- 
ministration increases the ‘“‘sensitivity” of the 
respiratory center to carbon dioxide. 

4, The principal change in acid-base balance 
in the intact dog and adult human is the devel- 
opment cf respiratory alkalosis. When ventila- 
tion is inadequate, respiratory acidosis may 
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develop. A diagram is presented to illustrate 
and differentiate the combined actions of 
salicylate on the respiratory mechanism—direct 
stimulation and secondary 
increase in level of metabolism. 

5. The circulatory system meets the increased 
level of oxygen consumption by widening the 
auriculoventricular oxygen differeace and in- 
creasing cardiac output. There is an initial rise in 
systemic pressure, which usually returns to 
normal within fifteen minutes. Right ventricular 
pressure rises early and remains hig for at least 
one hour. The: magnitude of rise is directly 
proportional to the increase in cardiac output. 
The initial pressure rise is not causec by epineph- 
rine release and can also be demons rated in the 
presence of ganglionic blockage (tetraethyl 
ammonium chloride). It is concluded that this is 
a direct cardiac muscle effect of salicylate. 
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Effect of Salicvlate on the Acid-Base 
Equilibrium of Patients with Chronic CO, 
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FEW years ago it was demonstrated that 
A salicylate may induce respiratory alka- 
losis in animals and humans!^? ard 
recently it was shown that salicylate increaszs 
hyperventilation induced by CO; inhalaticn 
in normal human subjects.* Therefore it seemed 
logical to investigate the effects of salicylate .n 
patients with chronic retention of CO; due zo 
pulmonary emphysema. 


METHODS 


Patients with chronic CO; retention due :o 
pulmonary emphysema without evidence of 
acute or recent respiratory infection were 
studied under basal conditions. 

A first series of observations was designed to 
study acute effects of sodium salicylate on the 
acid-base equilibrium of the blood of patierts 
breathing room air. After a control period, 6 to 
8 gm. of sodium salicylate dissolved in 250 to 
300 cc. of isotonic sodium chloride solution were 
administered intravenously over a period of 
forty-seven to sixty-seven minutes. Samples of 
arterial blood were collected anaerobically from 
the brachial artery through an indwelling 
needle at appropriate intervals during the 
control period and after the administration of 
salicylate. Heparin was used as anticoagulant, 
and blood samples were analyzed immediately. 
Whole blood pH was measured with a Beck- 
mann model G pH-meter at room temperature 
and corrected to body temperature value.* 
Arterial plasma CQO, content and arterial 
blood oxygen content and capacity were deter- 


mined by the methods of Van Slyke and Neill.9'? 
Plasma CO; tension was calculated from the 
Henderson-Hasselbalch equation. The plasma 
salicylate level was determined by the method of 
Coburn.® 

In a second series of experiments the patients 
breathed room air during the control period. 
After the control period they breathed pure 
oxygen administered by mask for thirty-five to 
ninety minutes; then the acute effects of the 
intravenous administration, over a forty to 
sixty-five minute period, of 6 to 8 gm. of sodium 
salicylate dissolved in 300 to 500 cc. of isotonic 
sodium chloride solution were observed while the 
patients continued to inhale pure oxygen. 
Samples of blood were collected, as in the first 
series of experiments, during the control period 
and during the period of oxygen inhalation 
before and after administration of salicylate. 
Blood pH, plasma CO; content, blood oxygen 
content and capacity and plasma salicylate were 
determined as in the first series of experiments. 

The third series of observations dealt with 
the effects of acetylsalicylic acid. administered 
orally over a period ranging from three to 
twenty-two days. After a control period patients 
were given approximately 0.6 to 1.8 gm. of 
aspirin every six hours, day and night. Blood 
samples were collected anaerobically at the same 
time of day, the patients being in a basal state. 
In some experiments arterial blood was col- 
lected and analyzed as in the first two series of 
experiments; in other experiments only venous 
blood drawn from the antecubital vein without 
stasis was analyzed; in some experiments both 


* From the Department of Medicine, St. Luke's Hosp.tal, New York, N. Y. This work was made possible by grants-in- 
aid of research from the New York Heart Association and the American Heart Association. 
7 Fellow of the New York Heart Association. 
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venous blood and an occasional a-terial blood 
sample were analyzed. Blood szmples were 
always drawn just before the admin.stration of a 
dose of aspirin. 


‘ RESULTS 


Effect of Salicylate in Pulmonary Emphysema— Wégria el al. 


A. Acute effects of intravenous administration of 
sodium salicylate. As can be seen in Table 1, 
five patients received 6 to 8 gm. of sodium 
salicylate intravenously within forty-seven to 
sixty-seven minutes. The maximal plasma 
salicylate levels noted occurred three to ninety- 


The results observed are summarized in two minutes after termination of the salicylate 
Tables 1, u and m. injection and ranged from 21.1 to 51.9 mg. per 
TABLE : 


EFFECT OF INTRAVENOUS ADMINISTRATION OF SODIUM SALICYLATE ON ARTERIAL BLOOD pH, pCOs, 
BICARBONATE AND OXYGEN SATURATION IN PATIENTS WITH ANOXSMIA AND HYPERCAPNIA 


DUE TO CHRONIC PULMONARY EMPHYSEMA 
f | 1 





























Arterial Arterial Pinas Arterial ®t 
Observation Patient, Time Arterial Plasma Plasma Salicylate | Blood Oxygen 
Number Age (min. ) Blood pH pCO» HCO: (m £^ Saturation 
(mm. Hg) | (mEq./L.) bk (%) 
1 H. W., 64 — 57 4233 82 42.0 0 69.7 
— 5 1.92 81 40.7 0 
0 to +60 nfusion of 6 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
chloride solution 
+ 63 7.35 78 ' 41.7 21.1 76.8 
+123 7.35 73 38.9 20.8 80.2 
4-188 7.38 64 36.7 ied 91.8 
+263 T8 72 38.5 14.8 71.8 
2 F. B., 63 — 25 7.34 68 35.7 Q. 79.5 
— 75 7.33 69 35.4 79.5 
Oto: +47 tifusion of 6 gm. of sodium salicylate dissolved in 300. cc. of isotonic sodium 
ai ud chloride solution ; - 
n que nb 79. 71.39. 58 34.2 25.0 85.0 
E ^— 4139 ` 7.40 56 35:9 26.5 83.0 
ee 195 - 7.43: - 53 34.1 21.1 80.0 
pg o. J. H., 63 | — 30r 7T.34 . 59. 31.0 S ME 
E p. Cb B. 7.32 . 62. 30.9 0 , , 80.4 . 
. 50 to 60s -nfusion, of 8. gm. of sodium salicylate dissolved i in 300 cc. . ofi isotonic sodium 
5 ‘chloride solution 
sq. 807^ b:/5 7,88 60 . 30.67 26:6 i pece 90,4 
; ' E135 7463 . 245 29.7 No ME ELSE NU 
m ts +195 1.42 46.4. 29.1 à, D 93,6 
a E RENE A 28.5 22.2 .90.4 
uz C. É., 64 eo. 7:63 5% GQ! Xi. 30.4' Fo ia 77.8 
EN Cro ee uti $4.33. * towed 131.2 7548 
"às oux ; suc: to +67 nfusion of 8 gm. of sodium saligylate. ‘dissclyed i in 300 cc. of isotonic sodium 
:bloride solution ee M SE 
+82 | „41 49 30.3 54.9 83.1 E 
+130 - ure - 46 29.8 "47.2 86.2" 
A175 7.38 : 51 29.3 44.7 77.4 i 
-+210 7.38 50 28.4 41.6 75.0 
5 X. Ay 62 — 13 7.20 T s 32.7 0 17.8* 
Er — 8 7.29 ^" 69 32.0 0 18.2* 
ite Hv 0 to +60 Znfusion öf 8 gm. of sodium salicylate dissclved in 250 cc. of isotonic sodium 
"iro ‘chloride solution 
+80 | 7.37 55 30.8 23.4 18.5* 
+135 7.41 49 30.0 24.5 19.2* 
4-185 7.43. 45 29. T 23.5 USD BT 








* Arterial blood oxygen content (vol. %). 
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cent. The administration of salicylate resulted 
in a decrease of plasma pCO» the maximal 
decrease being reached from sixty-three to on= 
hundred and sixty minutes after the end of th= 
infusion. The plasma pCO, was still markedly 
depressed when the observations were discon- 
tinued, as long as 203 minutes after cessation cf 
the salicylate administration. The arterial 
blood pH rose, the maximal rise coinciding wita 
the maximal decrease in the plasma pCOs. The 
plasma bicarbonate decreased. The oxygea 
content and saturation of the arterial blood ros= 
in four of the five patients; in the remaininz 
patient, in whom only the oxygen content of the 
arterial blood was measured, the oxygen contert 
rose as in the other four patients. 

B. Acute effects of the intravenous administraticn 
of sodium salicylate during inhalation of pure oxyger. 
As can be seen in Table n, five experiments were 
performed on four patients. In all five observz- 
tions administration of pure oxygen by mask 
resulted in a rise in plasma pCOs as well as ia 
oxygen content and saturation of the arterial 
blood and decrease in plasma pH. The plasma 
bicarbonate rose slightly but consistently. With 
inhalation of pure oxygen continued, 6 to 8 gm. 
of sodium salicylate dissolved in 300 to 500 cc. of 
isotonic sodium chloride solution were admir- 
istered. intravenously. The plasma salicylate 
level reached a maximum ranging from 20.) 
to 26.3 mg. per cent. In all five experimen:s 
(except in the first of the two observations made 
on patient F. B., Table n) administration of 
sodium salicylate resulted in decrease of tbe 
plasma pCO: towards, to or below its level þe- 
fore oxygen inhalation was begun, and a rise of 
the blood pH towards or above its value before 
initiation of oxygen inhalation. The maximal 
effect was reached 20 to 125 minutes after tke 
end of the salicylate infusion but some effect 


persisted 115 to 125 minutes after the end of tke 


infusion. The oxygen content and saturation of 
the arterial blood remained essentially un- 
changed by administration of salicylate. In tke 
first observation made on patient F. B. (Observa- 
tion 2 of Table m), in which the salicyla-e 
blood level was the lowest in this series of experi- 
ments, the plasma pCO; and pH did not change 
after the salicylate injection. However, it is 
probable that even at such a low salicylate lev=] 


a further rise in pCO» and decrease in pH durirg © 
the continued inhalation of oxygen was obviated | 


as is indicated by the fact that, as the salicyla-e 
level began to decrease, the pCO» rose further 
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and the pH fell. Furthermore, as can be seen in 
Table m, the same patient, F. B., responded to 
the salicylate injection as did the other patients 
when, during a second experiment (Observation 
3 of Table rr) performed fourteen days after the 
first experiment, a higher blood salicylate level 
was obtained by administration of 8 gm. instead 
of 6 gm. of sodium salicylate. 

C. Effects of continued administration of aspirin by 
mouth. The results observed are summarized in 
Table ur. Four patients, H. W., F. B., B. L. and 
C. F., reacted in a similar manner. In Observa- 
tion 1 patient H. W. was given 1.5 gm. of aspirin 
every six hours for six days. On the sixth day 
of aspirin administration the plasma salicylate 
level was 16 mg. per cent. In Observation 2 pa- 
tient F. B. was given 2 gm. of aspirin every six 
hours for one day, than 2 gm. every eight hours 
for two days. In Observation 3 patient B. L. 
received 1.8 gm. of aspirin every eight hours for 
nine days, and the plasma salicylate level ranged 
between 16.5 and 22.6 mg. per cent. In Observa- 
tion 4 patient C. F. was given 0.9 gm. of aspirin 
every eight hours for five days, then 0.6 gm. 
every six hours for four days, and the plasma 
salicylate level ranged between 22.8 and 30.7 mg. 
per cent. 

In the first two observations the administra- 
tion of aspirin resulted in a decrease of arterial - 
plasma pCO, and bicarbonate and a rise in the 
arterial blood pH. In patients B. L. and C. F. the 
total CO» of the venous plasma fell progressively. 
When administration of aspirin was discontinued 
after six, three and nine days, respectively, in 
patients H. W., F. B. and C. F., arterial plasma 
pCO: and bicarbonate, as well as the arterial 
blood pH, or the venous plasma CO: returned 
toward, to or even beyond control levels. In 
Observation 5 patient L. B. received 1.8 to 2.4 
gm. of aspirin every eight hours and the plasma 
salicylate levels ranged between 21 and 40.3 mg. 
per cent. In this patient, only the higher con- 


„centrations of salicylate in the blood were 


associated with a significant fall in the total 
CO, of the venous plasma. Finally, in Observa- 
tion 6 patient H. W., who had responded 
previously to oral administration of 6 gm. of 
aspirin per day (Observation 1), did not respond 
at all to the administration of a dose of aspirin 


slightly larger than that given in Observation 1. 


Whether or not this lack of response was related 


to.the upper respiratory infection which the 
-patient was noted to have on the seventh day 


of aspirin administration cannot be determined. 
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- TABLE 1 
EFFECT OF INTRAVENOUS SODIUM SAL CYLATE DURING INHALATION OF 100 C; OXYGEN ON ARTERIAL BLOOD 
pH, pCO», BICARBONATE AND OXYGEN SATURATION IN PATIENTS WITH ANOXEMIA AND HYPERCAPNIA 
DUE TO CHRONIC PULMONARY EMPHYSEMA _ 




















Arterial Arteria_ PI .  Artertal 
Observation Patient, Time Arterial Plasma Plasma S Us ae Blood Oxygen 
Number Age (min.) Blood pH pCO: HCO icy %) Saturation 
| (mm. Hg) | (mEq/L) | €"e % (96) 
1 H. W., 64 —114 7.39 69 40-6 | — us 19.2 
— 94 7.39 68 39.8 ns 77.4 ` 
— 90 Feginning of inhalation of 100% oxygen by mask 
— 35 7.28 92 41.7 ieu | 100 
— 4 7.26 96 41.7 0 97.5 








0 to +65. Infusion of 6 gm. of sodium salicylate dissolved in 500 cc. of isotonic sodium 
chloride solution 


+ 95 7.31 86 42.1 26.3 100 
4-140 7.232 82 41.1 25.0 100 
-190 7.34 76 39.7 23.5 100 

2 F. B., 63 — 95 | 7.38 59 33.1 0 80.2 
— 75 | 7.39 58 34.2 T 75.2 
— 65 Eeginning of inhalation of 100% oxygen by mask 
— 30 7.32 72 35.8 0 100 
— 2 7.34 75 36.5 0 100 





0 to +40 Infusion of 6 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
chloride solution 





+ 68 7.31 74 36.1 20.0 - 100 
+125 75:31 £9 36.5 19.0 98.8 
4-182 7.31 75 36.4 100 
+213 7.28 78 35.3 18.7 84.9 
3 F. B., 63 — 60 72:35 54 29.2 90.4 
— 50 7:57 52 29.3 85.8 
~~ 45 Feginning of inhalation of 100% oxygen by mask 
— 30 7.25 | 72 30.4 — 98.7 
— 4 7.24 76 31.6 0 100 








0 to 1-45 Infusion of 8 gm. of sodium salicylate dissolved in 300 cc. of isotonic sodium 
«chloride solution 


+ 75 7.34 60 31.2 25.0 100 
4-120 7.31 65 30.9 23:.9^ M —— si 
+160 7.28 69 31.5 23.0 100 
4 L. B., 61 — 45 7435 63 33.5 85.0 
— 40 7.36 61 33.6 87.6 
— 35 Beginning of inhalation of 100% oxygen by mask 
— 16 7.28 76 34.8 oe Se AG E 
— 5 7.28 77 (95:3 0 | 99.6 


0 to +50 Infusion of 8 gm, of sodium salicylate dissolved in 300 cc. of isotonic sodium 
chloride solution 


+ 70 1:97 63 35.2 * 25.0 100 
4-125 7.36 65 35.2 24.5 | | ..... 
+174 7.34 65 34.4 24.4 94.6 
5 D. F., 61 — 69 7.38 54 31.6 | T i 92.5 
— 64 7.38 54 31«7 ; 89.4 
— 60 Beginning of inhalation of 100% oxygen by mask 
— 34 | 7133 64 32.8 E EET 
— 10 7:32 65 32.4 0 100 











0 to +50 Infusion of 8 gm. of sodium salicylate dissolved in 300 cc. of isotonic so dium 
chloride solution 


-+ 65 7.37 54 . 30.4 24.2 . 100 
+115 Jay 51 29.8 24.0 | | ..... 
4-165 7.38 52 29.8 22.9— "Wb — die nr 
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‘TABLE. It 
EFFECT OF ORAL ADMINISTRATION OF ASPIRIN ON ARTERIAL BLOOD pH, pCO» AND BICARBONATE AND/OR 
TOTAL CO CONTENT OF THE VENOUS BLOOD IN PATIENTS WITH ANOXEMIA AND HYPERCAPNIA 
DUE TO CHRONIC PULMONARY EMPHYSEMA 





Arterial Arterial PI Venous 
Time Arteria_ Plasma Plasma S i ae Plasma 
(days) | Blood pH pCO: HCO;- eney ee” JE tPotal COs 


(mm. Hg) | (mEq./L.) | BE %) | (mEq/L) 





een iM | Te: aerae l a M rtt a | me aa ea: 
ei | C SRTR L tr I——Em 








Observation 1 — 4 1.28 67 30.8 
Patient H. W. (64 yr.) — 1 7.35 58 30.8 - TM 
0 Administration of aspirin started, 6 gm. orally daily 
+ 3 7.40 44 | 26.3 
+5 7.40 40 24.3 16.0 i 
+ 6 Administration of aspirin stopped 
+ 9 TM 68 | 25,2 | aides | 
Observation 2 E 7.28 66 | 300 | " E 
Patient F. B. (63 yr.) 0 Administration of aspirin started, 8 gm. orally daily 
+ 1 Aspirin reduced to 6 gm. orally daily 
+ 3 7.36 46 | 25.4 || 
+ 3 Administration of aspirin stopped 
+ 6 7432 56 21.8 
Observation 3 — 1 . T TET PR a 31.2 
Patient B. L. (59 yr.) 0 Administration of aspirin started, 5.4 gm. orally daily 
pod is en ce 
P | zs | 22.0 | 28.5 
+ 6 16.5 30.0 
"E 22.6 28.9 
+ 8 21.6 21.0 
Observation 4 | = 2 | ee — 36.5 
Patient C. F. (64 yr.) 0 "T io TT 37.4 
0 administration of aspirin started, 2.7 gm. orally daily 
cmm 4 T 22.8 35.6 
+4 | | w 30.7 30.6 
ep Aspirin reduced to 2. 4 gm. orally daily 
+ 6 bons | 24.2 31.9 
+ 9 Administration of aspirin stopped 
us 10.5 39.3 
+11 | 0 41.2 
+13 40.7 
Observation 5 — 1 42.0 
Patient L. B. (61 yr.) 0 T — d 45.8 
0 administration of aspirin started, 7.2 gm. orally daily 
od r "m 36.5 
+ 4 Aspirin reduced to 5.4 gm. orally daily 
Po is € | 34.0 40.5 
d 28.6 40.8 
+10 21.0 43.1 
+11 Aspirin increased to 6. 3 gm. orally daily 
+13 : 41.7 
Observation 6 — 2 7.38 57 32.6 0 
Patient H. W. (64 yr.) 0 7.38 59 34.0 s 
0 Administration of aspirin started, 6.9 em, orally daily 
+ 4 7.38 53 | 30.5 20.0 
+ 7 7.36 60 33.0 20.0 
-+11 £439 54 31.9 20.0 
+15 Lead 55 30.9 957 
4-22 Teal 76 37.0 19,0 
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In one patient not included in Table m oral 
administration of aspirin was begun six hours 
after completion of Observation 5 roted in Table 
~ wt. This experiment, intended to stady the effect 
of prolonged aspirin administratien, could not 
be continued because of the development of an 
acute psychosis on the second day of oral 
administration of aspirin. At this time the 
plasma salicylate level was 41.8 rag. per cent. 
Administration of aspirin was discontinued and 
within twenty-four hours, at wh ch time the 
plasma salicylate concentration wa: 26.2 mg. per 
cent, the psychosis cleared completely. Most 
patients became irritable during tne acute and 
prolonged experiments involving :alicylate ad- 
ministration. Two patients deveoped coarse 
tremor of the hands during the period of oral 
administration of aspirin. 


COMMENTS 


It is now well established tkat salicylate 
stimulates the respiratory center ir animals and 
men.1-* However, the exact site o` the stimula- 
tion is still not definitely known. Some authors? 
believe that salicylate stimulates the respiratory 
center both directly and via tae sinoaortic 
nerves, whereas others!? are of the opinion that 
stimulation of the respiratory center is only re- 
flex in nature. Furthermore, the precise modus 
operandi of this stimulation is alio unknown, 
although Alexander, Spalter and est^ believe 
that at least one mechanism wherzby salicylate 
acts on the respiratory center is that of sensitizing 
it to CO». Whatever the answer to these ques- 
tions may be, it seems clear from cur first series 
of experiments that, just as in normal animals or 
humans, salicylate can lower the zrterial pCO, 
and raise the arterial pH in patiencs who retain 
CO: because of emphysema and because they 
seem to have become insensitive to CO». Al- 
though no direct measurements cf pulmonary 
ventilation were made in the experiments de- 
scribed in this,.paper, hypervertilation was 
observed in the patients after intravenous 
administration of salicylate, and there is no 
doubt that the immediate effects of salicylate 
on the acid-base equilibrium are largely ex- 
plained by the increase in pulmonary ventilation. 
It is of interest that salicylate lowers the arterial 
blood pCO: and raises the arterial blood pH, 
although by increasing the pulmonary ventila- 
tion it tends to correct the anoxemia which in 
such patients has become a potert respiratory 
drive. 


Effect of Salicylaxe in Pulmonary Emphysema—Weeria et al. 


-A more direct demonstration of this property 
of salicylate was provided by the second series 
of experiments. It has been known for some time 
that in patients with emphysema who have 
become anoxemic and hypercapnic correction 
of the anoxemia by administration of oxygen 
intensifies hypercapnia and may result eventually 
in coma.!^!? In the second series of experiments 
salicylate proved effective in reducing ac- 
cumulation of CO; which had been induced by 
administration of oxygen. It would, of course, be 
of great interest to compare the efficacy of 
salicylate with that of the more conventional 
respiratory analeptics. 

The third series of experiments demonstrated 
that oral administration of aspirin can reduce 
the retention of CO, and keep the blood pCO, 
depressed for as long as the administration of 
aspirin is continued, at least within the limits 
of duration of the present observations. How- 
ever, only four of the six patients studied 
responded to a moderate dose of aspirin. One 
patient responded only to a rather large dose of 
the drug, and one patient who had reacted to a 
moderate dose of aspirin subsequently did not 
respond to a slightly larger dose. 

Obviously studv of a larger series of patients 
is necessary to permit a definite conclusion as to 
the efficacy of aspirin to lower and keep within 
the normal range zhe pCO: of patients with CO; 
retention due to cEronic pulmonary emphysema. 
It must be remerrbered that collection of valid 
data on the prolonged administration of aspirin 
is difficult because the degree of CO; retention 
may fluctuate widely and rapidly with variations 
in the degree of bronchial obstruction, especially 
if a respiratory infection occurs. It should be 
pointed out that the doses of aspirin used caused 
irritability, occasionally coarse tremor of the 
hands and, on one occasion, temporary psycho- 
sis. Such side effects would seem to have been 
more marked in this group of patients than in a 
group of much younger patients who received 
similar or higher doses of aspirin for acute rheu- 
matic fever.!? | 

Whether the use of salicylate as a relatively 
long-acting respiratory stimulant will prove 


_of therapeutic value remains to be determined 


by further work. The experience herein recorded 
suggests that it may be a useful adjunct in the 
treatment of patients with pulmonary emphy- 
sema in whom concurrence of severe anoxemia 
and hypercapnia makes administration of oxy- 
gen both a necessi-y and a hazard. 
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SUMMARY 


In patients with chronic pulmonary emphy- 
sema which has led to anoxemia and hyper- 
capnia it has been observed that: (1) The 
intravenous administration of 6 to 8 gm. o 
sodium salicylate over a period of approximately 
one hour lowers the arterial plasma pCO», raise: 
the arterial blood pH and increases the arteria 
blood oxygen saturation. (2) When inhalatior 
of oxygen has led to aggravation of hypercapnia 
intravenous administration of 6 to 8 gm. o: 
sodium salicylate over a period of approximately 
one hour reduces the degree of hypercapnia 
(3) The oral administration of 3 to 7 gm. o? 
aspirin per day in divided doses over a period o? 
a few days gives variable results. In some pazient: 
relatively low plasma salicylate levels reduce the 
hypercapnia, in others only rather high -evels 
are effective, in still others even such high Level: 
are ineffective. | 

The therapeutic implications of these ob- 
servations on the effect of salicylate in paziente 
with chronic pulmonary emphysema, anoxemia 
and hypercapnia are pointed out but they musz 
remain mere implications until more data are 
accumulated. 
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Respiratory Acidosis” 
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New York, New York | 
(with the technical assistance of Iris Subit, Vincent W. Hollis, Jr. and Mary A. Homer) 


inhibition on the liberation ot carbon diox- 
ide from red blood cells in the pulmonary 
alveolar capillaries and on pulmenary ventila- 
tion has recently been stimulated by the intro- 
duction of diamox® (2 acetylamine-1-3,4 thiadi- 
azole-5-sulfonamide), a potent inaibitor of this 
enzyme.! Roughton observed that :ulfanilamide, 
a considerably less potent carbomic anhydrase 
inhibitor than diamox, interferes with the re- 
lease of carbon dioxide in the lungs only during 
exhausting exercise.? This was also noted in 
recent studies with diamox.*4 It was also 
observed that sulfanilamide causes a consistent 
fall in the carbon dioxide conten of serum.*^? 
The sequence of events leading to this has been 
debated. Beckman et al. believed that the drug 
brings about a primary renal loss of bicarbonate 
(metabolic acidosis) which quickly stimulates 
compensatory hyperventilation ir an attempt 
to raise the level of arterial blood pH to nor- 
mal.§ Hartmann et al. reported thet the primary 
event is ventilatory stimulation resulting in 
respiratory alkalosis and that subsequent in- 
creased renal excretion of bicarbonate was a 
compensatory attempt to adjust tor the rise in 
arterial blood pH.? Since these studies with 
sulfanilamide were carried out tke importance 
of carbonic anhydrase in the Ht-—-Nat ion ex- 
change mechanism of the renal subules which 
conserves fixed base has been demonstrated.!? 


T oss in the effect of carboaic anhydrase 


The investigations of Nadell in normal sub- 
jects and in patients with respiratory acidosis 
confirmed the primary renal effects of diamox.!! 
She noted a prompt fall in the level of plasma 
carbon dioxide content and arterial pH, fol- 
lowed by a delay of one to two weeks in the 
onset of a fall in arterial pCO% presumably as a 
result of respiratory stimulation, and a rise in 
arterial pH to normal values. This sequence of 
adjustments seemed unusual and stimulated 
our interest, particularly since Nadell did 
not carry out respiratory and gas exchange 
measurements. 

It seemed essential to study the interrelation- 
ships of pulmonary ventilation, respiratory 
gas exchange, acid-base balance, blood elec- 
trolyte levels and renal electrolyte excretion 
rates in order to delineate the readjustments 
to the metabolic derangements induced by 
diamox. Such studies carried out in patients 
with chronic pulmonary emphysema and res- 
piratory acidosis and in patients without lung, 
heart and kidney disease should contribute to 
an understanding of the action of the drug, 
help in the selection of patients who might 
benefit from its use and point out its limitations 
and possible contraindications. 

The studies of Barach!? suggested that in- 
tensification of acidosis following diamox in- 
gestion due to a loss of plasma bicarbonate 
might predispose patients suffering from chronic 


* From the Research Service, Third (New York University) Medical Division, Goldwater Memorial Hospital, 


and the Department of Medicine, New York University College of Medicine, New York, N. Y. This study was sup- 
ported in part by the Josiah Macy, Jr. Foundation and by the Lederle Laboratory Division, American Cyanamid 
Company. Some aspects of these studies were presented at the American Physiological Society Meeting, April 13, 
1954, and have been published in abstract form in Federation Proc., 13: 52, 1954; J. Clin. Investigation, 33: 935, 1954; 
and Federation Proc., 14: 53, 1955. 
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emphysema associated with respiratory acidosis 
to develop carbon dioxide narcosis during 
oxygen inhalation. On the other hand, tke 
studies of Comroe et al.!? suggested that should 
a fall in arterial pCO. to 50 mm. Hg or less 
accompany a decrease in plasma bicarbonate in 


hospitalization patient J. W. exhibited conges- 
tive heart failure, which was controlled by a 
low-salt diet and digitalis. Signs of congestive 
heart failure did not recur upon withdrawal of 
digitalis while in the hospital. Patient H. R., 
who had suffered from bronchial asthma since 


CABLE I 
MEASUREMENTS OF SOME ASPECTS OF PULMONARY FUNCTION 

















ey Maximum 
goi a : Breathing 
_-|Ageand| | Residual Volume | Hee Capacity | Oxygen Saturation 
Patient p Total Lung Capzcity ] of Arterial Blood 
% (%) 
% Pre- % pre % pre- 
ml. | dicted ml | dicted |M] dicted 
A. Patients with Crronic Pulmonary Emphysema 
M. A. | 64,M | 5326 104 97 3180 90 43 48 29 
B.M. | 53, F | 4533 122. 1 69 1710 66 26 42 94 
H. R. | 51, M | 5651 100 70 1940 50 24 21 63 
Js. 68, M. |. T f an 1310 42 22 28 65 
J. W. | 63, M | 3647 70 46 2800 78 28 30 62 
B. Patients without Lung, Heart or Kidney Disease 
C. B 47, M | 6023 115 30 4535 112 191 166 96 
H. B 69, M | 6017 120 40 3580 103 | 87 98 95 
A.F 59, M | 5715 109 45 3465 95 100 99 95 
J. N 60, M | 5437 110 53 2540 74 82 76 96 
L.S 78, M. | 4208 96 31 2885 | 95 85 107 94 
such patients, they might no longer exhibit a childhood, received only subcutaneous injec- 


tendency to develop this complication. The 
variation in response to diamox noted among 
our patients suffering from chronic pulmonary 
emphysema associated with respiratory acidos.s 
made it possible to evaluate both these concep:s 
concerning the regulation of respiration. 


METHODS 


Studies were carried out in a group of five 
patients with chronic pulmonary emphysema 
associated with respiratory acidosis and in 
another group of five par without lung, 
heart or kidney disease. 

Three of the patients (J. T., J. W. H. R.) ia 
the chronic emphysema group (Table :) 
exhibited electrocardiographic changes and 
x-ray findings compatible with cor pulmonale. 
Patient J. T. suffered from congestive heart 
failure, which was poorly controlled by a low- 
salt diet, digitalis, mercurial diuretics, am- 
monium chloride and aminophylline. Prior to 


OCTOBER, 1955 


tions of adrenalin® when necessary for relief 
from acute asthmatic attacks for the duration of 
the study. Studies were carried out only when 
he had not experienced an asthmatic attack for 
several days. Patient B. M. had a complicating 
bronchiectasis. All except patient H. R. expecto- 
rated about 1 to 3 ounces of non-foul, mucoid 
sputum containing clumps of green and yellow 
matter. All patients studied ate the usual hospital 
diet except J. T. and J. W., who received a low- 
salt diet. 

Studies were generally begun at about 8 A.M. 
with the patient in a basal state. To avoid pos- 
sible variations in pulmonary ventilation due to 
posture, the head of the bed was raised to the 
same semi-reclining angle for each patient in 
every study. At the start of a study the patient 
voided and this urine was discarded. An in- 
dwelling arterial needle was then inserted into 
the lumen of the right brachial artery under 
local anesthesia with 2 per cent procaine 
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hydrochloride. With noseclip and mouthpiece in 
place, the patient-inspired through one arm of a 
two-way valve ‘and expired thrcugh another 
into a Tissot spirometer of 100 L. capacity. The 
dead space of the valve and moathpiece was 
55 ml. Tidal volume, respiratory rate and minute 
volume of respiration were recorded on a 
constant speed ink-recording drum attached to 
the spirometer. 

Several two-minute respiratory periods were 
recorded over the next one-half to >ne hour. An 
arterial blood sample was then -ollected an- 
aerobically, using heparin solutior as an anti- 
coagulant, during the middle of a :even-minute 
period of expired air collection. In the early 
phase of the studies only one a-terial blood 
sample was drawn in a similar manner two to 
three hours after a dose of the drvs. Later, the 
protocol was changed so that following the 
preliminary period of registration of respiration 
arterial blood was drawn just befcre the inges- 
tion of a dose of diamox and two and four hours 
thereafter. 

Urine was voided under oil immediately after 
each blood collection, followed br registration 
of the rectal temperature. In the intervals be- 
tween blood collections, respirations were 
recorded and expired air collected during 
two minutes out of nearly every en to fifteen 
minutes. Pulse rate and arterial b ood pressure 
were also recorded at frequent intervals through- 
out each study. 

Duplicate samples of expired air collected 
during the periods of blood withcrawal and a 
. composite sample of air collected in the two- 
minute periods in the intervals between blood 
collections were analyzed for oxygea and carbon 
dioxide contents in a 0.5 ml. micro-Scholander 
gas analyzer.!^ The rate of oxygen consumed and 
carbon dioxide expired per minute and the 
respiratory exchange ratio (R.Q) were cal- 
culated in the usual manner. All expired volumes 
in this and in the other ventilitory studies 
(Table 1) were corrected to 37°c. szturated with 
water vapor and 760 mm. Hg (B TIPS). Oxygen 
consumption and carbon dioxide output are 
expressed at 0? 760 mm. Hg (STP). 

Arterial blood oxygen and ca-bon dioxide 
contents!* and arterial blood hemoglobin oxygen 
capacity!? were analyzed in a Van Slyke mano- 
metric apparatus. Arterial pH was measured 
at room temperature with a sealec glass micro- 
electrode in a model G Beckman pH meter and 
corrected to 37?c. using the factor of 0.014 per 


degree.!? Arterial pCO» and plasma bicarbonate 
were calculated by the Henderson-Hasselbach 
equation. Plasma and urine sodium and potas- 
sium concentrations were analyzed in an internal 
standard flame photometer,!? and urinary and 
plasma chloride concentrations by the method 
of Wilson and Ba.l.? Urine pH was measured 
with a sealed glass microelectrode in a Beckman 
model G pH meter and expressed at room 
temperature, 25?c. Urine carbon dioxide con- 
tent was measured according to the method of 
Van Slyke and Neill. 1‘ 

Residual air volume was measured by the 
method of Darlinz, Cournand and Richards?? 
with modifications as previously published.?! 
This, together with the vital capacity, measured 
the total lung volume. Vital capacity and maxi- 
mum breathing capacity were measured in a 
Collins ventilometer. They represent the maxi- 
mum volumes attained in a series of three ob- 
servations at one sitting in a day. The patients 
had previously been trained in the performance 
of these tests. lhe results of these different 
measurements are summarized in Table r. 


RESULTS 


Immediate Effects of a Single Dose of Diamox in 
Patients with Pulmonary Emphysema and Elevated 
Arterial pCO» and :n Patients without Lung, Heart 
or Kidney Disease. The major aspects of the 
results of studies carried out over four hours 
following a single dose of diamox in both groups 
of patients are summarized in Table n. All 
patients exhibitec a prompt fall in plasma 
bicarbonate level and alkalinization of the 
urine associated with a diuresis of sodium 
and, to a lesser extent, of potassium bicarbonate, 
rarely with chloride ions. Data not included in 
Table n indicate that nearly all of the immediate 
electrolyte alterations may occur within one to 
two hours. The intensity of these responses 
varied considerably among the different pa- 
tients. It was not related to the size of the dose of 
diamox, the initia. level of plasma bicarbonate, 
arterial blood pCO», pH or oxygen saturation. 

The level of arterial pCO, either remained 
unchanged, fell moderately (4 to 8 mm. Hg) or 
rose as much as 7 mm. Hg. (Table i.) Arterial 
pH either remained unchanged or fell as much 
as 0.07 units, reflecting the combined effects in 
each instance of the relative changes in arterial 
pCO, and plasma bicarbonate. The level of 
plasma chloride did not consistently rise as 
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plasma bicarbonate fell and tkere was no 
change in sodium and potassium plasma levels. 
The level of alveolar pO, rose moderately 
when arterial pCO, fell. These changes reflected 
improved alveolar ventilation aad were ac- 
companied by either a modera e degree of 
hyperventilation or an increase in. the depth of 
breathing and a slight slowing of rzte of respira- 
tion, in the absence of hyperventiletion. 

Effect of Prolonged Administration of Diamox Every 
Six Hours. Patients with pulmonary amphysema and 
elevated arterial pCO»: The effect o` ingestion of 
2.2 to 6.3 mg./kg. of diamox every six hours was 
studied during eight different courses of therapy 
in this group of five patients. A couzse of therapy 
lasted from three to twelve weess except in 
patient B. M., in whom the drug was discon- 
tinued at the end of twelve days kecause of an 
exacerbation of chronic bronchiectasis. 

These studies were not designed to determine 
when inhibition of acidification of the urine 
ceased but it was noted that, wita few excep- 
tions, alkalinization of the urine no longer 
occurred after a few days of continued admin- 
istration of the drug. During the eizhth week of 
therapy patient J. W. excreted an alkaline urine 
in the interval between the second and fourth 
hours without an associated sodium, potassium, 
bicarbonate or chloride diuresis. Im this mterval 
the arterial pCO: fell from 91 to 82 mm. Hg and 
plasma bicarbonate level from 23.9 to 32.2 
mEq./L. In studies extending ver nearly 
nine weeks in patient J. T. the rezction of the 
urine consistently changed from acr to alkaline 
during the four hours following ezch morning 
dose of diamox. Only following the initial dose 
was this accompanied by a sodium, potassium 
and bicarbonate diuresis and a fall in the level of 
plasma bicarbonate. (Table 1.) 

The maximum reduction in the level of plasma 
bicarbonate, following ingestion cf the drug 
occurred fairly promptly and tlLereaftér re- 
mained relatively unchanged. The earliest noted 
occurred within four hours (J. W., Table i). In 
some instances it was evident witain the first 
two days, in others between the second and 
seventh days. The sustained reductions in the 
lével of plasma bicarbonate were either highly 
significant (P « 0.01) or significant (P « 0.05) 
in all patients. (Table m.) 

In all five patients the plasma caloride level 
usually rose to replace the fall in. plasma bi- 


'^ carbonate. There sometimes was a wansient fall 


in the level of plasma potassium during the 
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first few days of diamox ingestion. The plasma 
sodium level remained unchanged. 

In two patients of this group (B. M., M. A.) 
the level of arterial pCO: was stable and fell 
significantly (P « 0.05) or highly significantly 
(P < 0.01) (Table n) simultaneously with the 
plasma bicarbonate. Only patient B. M. ex- 
hibited a significart reduction in arterial pH due 
to a relative and absolute greater fall in plasma 
bicarbonate level than in arterial pCO;. 

A sustained rise in the level of alveolar pO» 
occurred in both -hese patients along with the 
fall in arterial pCO». This was associated with 
hyperventilation in patient B. M. Patient M. A. 
did not exhibit hyperventilation or a change in 
the graphically recorded respiratory pattern. 
Neither patient exhibited a rise in arterial blood 
oxygen saturation while on diamox. Only 
patient M. A. attzined a normal arterial blood 
oxygen saturation level during inhalation of 
100 per cent oxygen | 

In the three remaining patients in this group 
(J. W., J. T. and H. R.) the level of arterial 
pCO, often fluctuated considerably above and 
below control levels from day to day and fre- 
quently during the course of the morning 
and early afternoon of the same day in the 
absence of change in clinical state and respira- 
tory gas exchange ratio, R.Q. Their mean level 
of arterial pCO» and pH was not significantly 
altered as compared with the control periods. 
(Table m.) 

Two of these lat-er patients, J. T. and J. W., 
offered an opportunity to evaluate the diuretic 
effect of diamox. J. T., whose congestive heart 
failure was poorly; controlled with digitalis, 
ammonium chlorice, mercuhydrin, aminophyl- 
line and a low-salt diet did not exhibit weight 
loss during seven and one-half weeks of diamox 
administered every six hours. During the first 
twenty-three days each dose was 2.3 mg./kg. 
and from the twenty-fourth day onward each 
dose was 3.6 mg./kg. He exhibited a biochemical 
response to the drug as manifested by a prompt 
fall in the level of plasma bicarbonate from 36.4 
to 30.1 mEq./L. which was sustained, with 
minor fluctuations, throughout the period of 
administration of the drug. Plasma bicarbonate 
level had already risen forty-eight hours after 
discontinuance of diamox and was at the control 
period level when measured a week later. A gain 
in weight did not accompany the retention of 
bicarbonate. 

Approximately one month later, when his 
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plasma bicarbonate level was slightly lower.and 
arterial pCO, higher than previously, diamox 
was given in a larger dose, 4.2 mg./kg. everv 
six hours. He was still edematous and his weight 
stable at 122 pounds. There was a loss of 2 
pounds during the first day and of 8 pounds dur- 
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loss. Upon discontinuance of the.drug, plasma 
bicarbonate returned to its control level within 
four days. It seems reasonable to ascribe the 
sustained loss of weight to diamox for the 
following reasons: the reaction of the urine 
became alkaline within two to four hours when- 


TABLE I 
STATISTICAL EVALUATION OF CHANGES IN THE ACID-BASE BALANCE 





DURING LONG-TERM ADMINISTRATION OF DIAMOX 
| | 
| No. of Arterial Plasma A 
Patient ( s ird bin Nen after | Period | Observ. pCO»: BHCO; ic EM 
HEUS Herne: ee ations (mm. Hg) (mEq. /L.) P 
i ee eee 
A. Patients with Chronic Pulmonary Emphysema 
M. A. | Ccntrol 6 60 +3 30.2 eit (2397 pus 
4.2X4 58 4Í Diamox 5 50% 2 2345 e ah Ti 7.30 +.03 
B. M. Ccntrol 3 51 +2 25.5 £0.8 dod. EaU 
6.3 X4 i 4 Diamox 2 45t +1 18.0* +0.4 7.231 +.00 
H. R. Centrol 7 74 +9 33.0 . e120 1:28. 06 
3.3 X4 84 4i Diamox 4 69 +7 256,87 Ass 7.22 +.04 
JT. Control 7 Kis E 999.7; Geese Fedo. 45.06 
4.2 X4 60 481 Diamox 9 67 5 30.2* 40.7 7.29 +.04 
J. W. Control 6 97 i7 27.5. COE. G T2248. 3E.05 
4.4 X4 80 4§t Diamox 3 TL 3359 | 31.4T 41.7 7.24 +.03 
B. Patients without Heart, Lung or Kidney Disease 
C. B. Control 4 39 £3 29.1' IIS 7.40 +.02 
3.8 X4 20 4 Diamox 3 25* 1 13:2 SEO 1 7.95. E02 
H. B. | Control 2 46 +2 20.0 1:0 7.40 +.00 
42X4 28 4i : Diamox 3 39t Fi 17.4* +0.1 7.35* 4-01 
A. F. | Control 3 40 i5 23.7 3.0 7.99. 103 
3.7 X4 13 4 Diamox 2 35 +0 14.7 T sE1.1 [213 3:03 
ION. Control 3 42 +2 25.6  t1.1 7.41 +.04 
4,0X4 28 4 Diamox 3 34} +3 1726" 30,6 7.34 t.02 
I.S. Control 2 41 +6 29.0. 42.2 7.42 1t.02 
3.7 X4 18 4 Diamox 2 37 t5 17.0} 0.7 7.30 +.04 





Changes of comparable significance in the level of arterial pCO». pH and plasma bicarbonate were noted two to 


three (§) and six (1) hours after the last dose of dramox. 


* p = «0.01. 
Tp = «0.05. 


ing the second and third weeks. It remained ac 
this level with minor fluctuations during the 
next month. The patient exhibited approxi- 
mately the same sustained fall in plasma bi- 
carbonate during this period of study as he dic 
during the first period when there was no weigh- 
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ever the effect of a single dose was studied, and 
during the first week following discontinuance of 
the drug there was a steady gain in ween from 
114 to 119 pounds. 

The other patient, J. W., managed to remain 
edema-free by marked limitation of activity and 
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a low-salt diet. He experienced a 2- to 4-pound 
weight loss ascribable to diamox during two of 
three different periods of study. In each study 
he experienced a prompt 6 to 9 mEq./L. fall in 
the level of plasma bicarbonate In the dose 
range employed (2.2 to 4.4 mEq., L.) there was 
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time the plasma bicarbonate and arterial pCO, 
returned somewhat to their previous levels and 
the reaction of the urine became acid, the inges- 
tion of a single dose of 4.4 mg./kg. of diamox 
was followed within four hours by an additional 
fall of 6.1 mEq./L. plasma bicarbonate, of 3 mm. 

















TABLE IV 
AN EXAMPLE OF HYPERVENTILATION DURING LONG-TERM ADMINISTRATION OF DIAMOX (PATIENT C. B.) * 
| - Plasma 

D f Vg VO: J H _ U 7 

"ed s per f | Vr | per | E |VRmocof| Pao, | Su | pHa | PaCO: | BHOO; Cl pH 
m? m? 
| 
Control 
4.20 | 13.2 | 591 1| 123 | ..5 | 0.86 102 95 7.38 37 | 21.2 103.7 1 6.37 
l Diamox (3.8 mg./kg. every 6 hr) $ | m 
qm ARR MM o 
0 5.27 | 13.3 | 739 | 138 | .£3 2.99 103 95 7.31 39 19.1 106.0 | 7.48 
7 6.21 | 18.5 | 619 | 117 | .8 —0.90 118 96 7.33 26 13.2 107.8 | 7.01 
13 6.79 | 20.8 | 602 | 117 | .&3 —1.62 119 94 7.35 25 13.3 112.2 | 6.92 
20 7.24 | 20.1 | 654 | 120 | .@ —2.10 122 | 98 | 7.36 24 13.1 112.2 | 7.01 
| i 
Post-diamox 

Ex CEU E CM | MM MOL. MN M D oa 
6 5.08 | 21.7 | 428 | 117 | .?7 1.54 98 | 97 7.40 41 24.7 | 100.4 | 6.93 
12 | 4.31 | 18.9 | 417 | 116 | .72 1.70 94 | 97 | 7.39 41 23.9 | 98.1 | 6.79 


* A similar response was exhibited Ly patients J. N. and L. S., who, like C. B. did not have heart, lung or kidney 
disease and B. M., who had chronic broachiectasis and pulmonary emphysema. 


t Alveolar ventilation ratio according to Gray. 


Í Observations carried out 4 hours after a morning dose of diamox. 


no relationship between the size of the dose and 
the absolute fall in plasma bicarbenate level or 
extent of diuresis. 

The immediate response to tvo individual 
doses of diamox administered to vatient J. W. 
a week apart resulted in a total fall cf 15 mEq./L. 
plasma bicarbonate, 11 mm. Hg arterial pCO: 
and 0.11 pH units. (Table m.) Within four hours 
after the first diamox dose of 2.2 mg./kg. there 
was a 9.0 mEq./L. fallin plasma bicarbonate 
and an 8 mm. Hg decrease in arteial pCO? and 
a 0.06 decrease in the level of arterial pH. The 
drug was continued in the same cose every six 
hours during the following three and one-half 
days. We do not know whether further change in 
the acid-base balance of the blood »ccurred dur- 
ing this interval. Following a dian-px-free inter- 
val of three and one-half days, curing which 


Hg arterial pCO: and of 0.05 pH units. (Table 
1.) In all, the intermittent administration of the 
drug resulted in a net fall of 13.7 mEq./L. of 
plasma bicarbonate (43.8 to 30.1), 15 mm. Hg 
arterial pCO, (94 to. 79) and 0.08 pH units 
(7.29 to 7.21). This was associated with only a 
4-pound weight loss. 

Patients without ‘ung, heart or kidney disease: All 
of the patients exhibited a significant or highly 
significant fall in plasma bicarbonate and, in 
three instances, also of arterial pCO». (Table m.) 
The level of arterial pCO: was stable when 
measured a few times during a four-hour period 
following a dose of diamox, once the maximum 
effects of the drug were attained. The decrease 
in the level of plasma bicarbonate was rela- 
tively greater thar that of arterial pCO: and in 
two patients (H. B. and A. F.), it was sufficient 
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to cause a significant or highly significant reduc- 
tion in the level of arterial pH. (Table m.) The 
level of alveolar pO; rose in all five patients. In 
three (C. B., J. N. and L. S.,) (Table 1v) this was 
accomplished by hyperventilation characterized 
by a greater increase in depth than in rate of 
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100 Per Cent Oxygen. Table v1 summarizes nine 
studies in three of the five patients with chronic 
pulmonary emphysema during inhalation of 
oxygen* for forty-four to ninety minutes in the 
control and diamox periods. The change in 
minute volame of respiration during oxygen 


TABLE V 
PATIENT H. B.—AN EXAMPLE OF A FALL IN PaCOs WITHOUT HYPERVENTILATION 
DURING LONG-TERM ADMINISTRATION O3 DIAMOX* 






Plasma 





Day of | Ve VO: : l = — | Urine 
Study per f Vr per R VR, vost Pao, . Sa pHa PCO: BHCO; C pH 
m? m? l 
| a aa mEq. /L. 
Control 
4.09 | 17.6 | 409 1.103 | .83 2 NUN cy V" eO "MEZ Ne ease 
4.52 | 17.0 | 467 | 107 | .84 2.29 99 96 7.40 44 26.0 103.5 | 6.60 
Diamox (4.2 mz./kg. every 6 hours) - 

0 5.04 | 18.8 | 472 | 120 | .83 1.87 103 96 7.37 40 22.0 105.0 | 7.48 

5 5.03 | 15.1 | 574 | 120 | .85 0.74 110 95 7.35 34 18.2 115.0 | 7.10 
12 5.34 | 14.8 | 624 | 127 | .85 0.97 111 95 7 .34 34 17:2 111.0 | 7.06 
25 5.19 | 16.2 | 551 | 123 | .85 0.21 111 97 7.35 | 32 16.9 111.6 | 6.80 

Post-diamox 
4.16 | 17.1 96 94 47 27.4 euro 6.51 





















* Note that the patient exhibited a moderate increase in tidal volums (Vr) with respiratory rate generally re- 
maining the same or slightly slower during the diamox period. A similar response was exhibited by patient A.'F., 
who, like H. B., did not have heart, lung or kidney disease, and patient M. A., who suffered from chronic pulmonary 
emphysema. 

f Alveolar ventilation ratio according to Gray.?8 

Í Observations carried out four hours after a morning dose of diamox 


breathing. The remaining two patients (H. B. and 
A. F.,) (Table v) did not exhibit hyperventila- 
tion but rather an increase in depth and a slight 
decrease in rate of breathing. All patients in this 
group exhibited a normal level of arterial 
blood oxygen saturation which did not increas2 
when the alveolar pO; rose while on diamox. 

Acidification of the urine was generally in- 
hibited only during the first few days of drug 
administration. This was accompanied by a 
diuresis of sodium, potassium and bicarbonats 
ions. 

Effect of Prolonged Administration of Diamox on the 
Response of Patients with Chronic Pulmonary 
Emphysema and Respiratory Acidosis to Inhalation cf 
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inhalation E expressed as per cent of the average 
of a seven-minute period of room air breathing 
preceding oxygen inhalation. In nearly all 
instances average minute volume of respiration 
decreased while breathing oxygen. Ingestion of 
diamox did not influence the response. Decrease 
in minute volume of respiration was associated 
in four instances with a relatively greater de- 
crease in tidal volume than rate; in two in- 
stances these decreased to the same relative 
degree and in one, rate decreased more than 
depth. Tidal volume increased in two studies in 

* The composition of the gas delivered from com- 


mercial tanks varied between 98.95 and 99.16 per cent 
oxygen and 1.05 to 0.84 per cent nitrogen. 
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patient H. R. along with a decrease in respira- 
tory rate during the diamox p-riod. Rate of 
respiration and tidal volume generally varied 
in opposite directions. In no instaace did rate of 
respiration. exceed that while 5n room air. 
Periodic respirations characteriz-d bv fluctua- 
tions in tidal volume and rate of respiration were 
common. Only patient J. W. exnibited apneic 
periods,. which lasted fifteen -o twenty-five 
seconds. These occurred during >ne of each of 
the two studies in the control (April 6, 1953) and 
in the diamox (July 13, 1953) periods. 

There was no over-all consisteat relationship 
between the degree of respiratery depression 
exhibited by these patients durmg periods of 
oxygen inhalation and any of the following: the 
initial level of plasma bicarbonate and the extent 
to which it fell under influence of diamox or 
rose during oxygen inhalation, the initial level of 
arterial pCO, and pH, or the Evel to which 
arterial blood oxygen saturation rcse. (Table v1.) 
The level of plasma bicarbonate rose 1.4 to 
3.3 mEq./L. in three of five studies on oxygen 
during control periods and 3.0 and 3.4 mEq./L. 
in two of six studies during diumox periods. 
(Table v1.) No patient in whom more than one 
study was carried out during eitner control or 
diamox periods exhibited a compensatory rise in 
plasma bicarbonate more than ence in either 
period. i 

Arterial blood oxygen satu-ation varied 
between 57 and 80 per cent waen breathing 
room air. It rose to normal in ony one patient, 
M. A., and remained unchanged er increased to 
between 71 and 92 per cent in che other two 
patients. It seems reasonable to expect that the 
level of arterial blood oxygen sataration would 
stabilize after many minutes of cxygen inhala- 
tion in spite of periodic or depressed respirations, 
whereas the arterial pCO, leve. would vary 
considerably. The arterial pCO» during oxygen 
inhalation periods listed in Takle vi reflects 
only the level during the intervals of blood 
withdrawal. This limitation nc doubt also 
applies to arterial pH but to a varying degree 
depending upon accompanying cLanges, if any, 
in plasma bicarbonate level. The acidosis was 
more intense during inhalation of axygen in those 
instances in which fall in plasma bicarbonate 
during the diamox period was ur accompanied 
by a significant fall in the level of zrterial pCO». 
None of the patients manifested mental or 
neurologic changes during periods of oxygen 
. inhalation even though there were instances of a 
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considerable rise in the level of arterial pCO» 
and intense acidosis. 


DISCUSSION 


Immediate Effecs of a Single Dose of Diamox in 
Patients with Chronic Pulmonary Emphysema and in 
Patients without Lung, Heart and Kidney Disease. 
The immediate alterations in urinary electrolyte 
excretion following an oral dose of diamox have 
been described in detail.41)?22* The onset of 
diuresis of sodium, potassium, bicarbonate and 
water may be noted within about an hour, is apt 
to reach its peak at approximately ninety 
minutes, may be complete by four to five hours 
and may be over in eight hours.?* The present 
studies were designed to detect correlated 
changes in respiration, arterial blood acid-base 
balance, plasma electrolyte levels and urinary 
electrolyte excretion during the four-hour 
interval when the drug exerts most of its effects. 

Our patients exhibited considerable varia- 
tion in the fall of plasma bicarbonate level in 
response to a single dose of diamox. (Table 1.) 
The responses of patient J. W. suggest that it 
varies with the initial plasma bicarbonate level 
but the data on ell the patients do not bear out 
this relationship, nor do the initial levels of 
arterial pCO», oxygen saturation or of pH seem 
to be closely related. With intravenous admin- 
istration of diamox in dogs, bicarbonate diuresis 
is directly propcrtional to the initial plasma 
bicarbonate concentration.?* The response of our 
patients to oral administration of the drug does 
not reflect this nor does the intensity of the 
diuresis vary with the absolute decrease in the 
level of plasma bicarbonate. (Table 11.) Our 
studies: and those of Schwartz et al. are obviously 
not strictly comparable because of the differ- 
ences in species studied and because the dietary 
intake of our patients was not rigidly controlled. 

The urine of all of our patients became alka- 
line between the first and third hours and this 
was associated with a sodium, potassium and 
bicarbonate diuresis. Others have demonstrated 
that in addition <o these alterations in urinary 
electrolyte excrecion there is a decrease in 
titratable acidity and in ammonium ion excre- 
tion, ! -?? and a slight!! or no increase in urinary 
phosphate.?? Chloride ion excretion generally 
remains unchanged.!! In some instances it 
rises.?? Excretion of nitrogen and organic acids 
remains unchanged.?? 

Although all patients exhibited some fall in 
the level of plasma bicarbonate, varying from 
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0.7 to 9.0 mEq./L. (generally 2 -o 4 mEq./L.), 
within four hours of ingestion of a dose of 
diamox, the level of arterial pCO: either re- 
mained essentially unchanged or “ell 4 to 8 mm. 
Hg. In one patient, L. S., it was 7 mm. Hg 
higher. Arterial pH either remair ed unchanged 
or fell 0.04 to 0.10 units, in these instances gen- 
erally reflecting the relatively zreater fall in 
plasma bicarbonate. 

In those instances in which plasma bicar- 
bonate and arterial pCO; fell simultaneously 
within four hours after a single dose of diamox, a 
moderate rise in alveolar 'pOs ard minute vol- 
ume of alveolar ventilation occurred. This was 
associated with one of two differert alterations in 
the pattern of respiration. Some oatients exhib- 
ited a moderate degree of hyper-entilation (an 
increase in ventilation in exces of metabolic 
needs) presumably stimulated by the fall in 
plasma bicarbonate. In others, more effective 
alveolar ventilation appeared o be accom- 
plished by a moderate increase in depth and 
slight slowing in rate of respiratior in the absence 
of compensatory hyperventilaticn. Review of 
Roughton's studies on the response of healthy 
adults to a single dose of sulfanilemide which as 
pointed out previously is a less potent carbonic 
anhydrase inhibitor than diamox, indicates 
that some of them likely responded in this 
latter manner.’ 

Effect of Prolonged Administration . f Diamox Every 
Six Hours to Patients with Pulmorary Emphysema 
and Elevated Arterial pCO and to Patients without 
Lung, Heart and Kidney Disease. The return of 
the urinary electrolyte excretion pattern to con- 
trol period levels within two to three days and its 
persistence with continued administration of 
diamox a few times a day has been well docu- 
mented.'}22:23 Although we did not carry out 
metabolic balance studies, some data confirm- 
ing the transitory nature of the alterations in 
urinary electrolyte excretion were obtained. A 
few-fold increase in the dose oi diamox does 
not alter this situation. Unresporsiveness to the 
drug may, however, appear afer the initial 
dose.?? This was evident with regard to decrease 
in the level of plasma bicarbonate in patient 
J. W., who exhibited as great a fall in plasma 
bicarbonate following the initial cose of diamox 
in each of two different courses oż therapy a ie 
did during days to weeks of cortinuous ingés- 
tion of the drug. His urine was mot examined 
at sufficiently frequent intervals te note whether 
the renal effects of the drug were . hort-lived. 
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Friedberg and his co-workers? and also 
Belsky?* reported continued effectiveness of a 
single daily dose of 0.25 to 0.5 gm. of diamox 
based on loss of body weight in the treatment of 
patients suffering from congestive heart failure 
in the outpatiert department. In contrast, in 
carefully controlled metabolic studies in hos- 
pitalized patients suffering from congestive 
heart failure Leaf?! and Relman?® observed 
fairly prompt refractoriness to the drug when 
given once daily or every other day. 

Another exceotion .to the usual transient 
response to the drug is the observation that 
urinary acidification may continue to be in- 
hibited for eight znd one-half weeks (4.2 mg./Kg. 
every six hours, patient J. T.) and for as long as 


four weeks of a twenty-week course of a daily 


dose (3.5 mg./kg.; patient H. R.). Only during 
the first few days of these two studies was 
alkalinization o2 the urine associated with 
sodium, potassium and bicarbonate diuresis. 
Leaf also noted ir.hibition of urinary acidification 
without sodium diuresis in three patients with 
congestive heart failure.?? In two of these 
patients there was an equivocal or slight increase 
in urinary potassium, associated with water 
diuresis in only one instance. A definite potas- 
sium diuresis occurred in two different studies in 
the third patient. 

It is generally agreed that a reduction in 
plasma  bicarboaate level accompanies the 
urinary electrolyte diurésis.?" By the second to 
the seventh day of continued administration of 
the drug, peak reduction in the level of plasma 
bicarbonate of about 5 to 10 mEq./L. below the 
control level oczurs.! Plasma chloride often 
rises to approximately the same degree as the 
bicarbonate level falls, resulting in hyper- 
chloremic acidosis. Although the diuresis is 
transient the reduced level of plasma bicarbonate 
persists. ' 

There is, however, conflict in the evidence 
concerning the adjustment of the acid-base 
balance of the blood to long-term ingestion 
of the drug. Leaf observed sustained hyper- 
chloremic acidos:s for as long as eleven days in 
normal subjects znd in patients with pulmonary 
emphysema and respiratory acidosis.?? Nadell 
noted in similar groups of patients a return of 
the acid-base balance of the blood to normal 
associated with a fall in the level of arterial 
pCO, after one to two weeks of treatment." 
The fall in arterial pCO» was logically attributed 
to compensatorv hyperventilation stimulated 
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by the acidosis which resulted from the diamox- 
induced fall in plasma bicarbonate. This led to 
the conclusion that diamox brings about morc 
effective dissipation of carbon dioxide in the 
lungs. It also indicates delayed onset of an 
altered sensitivity of the respiratory regulatorr 
mechanism to a decrease in the level of plasma 
bicarbonate. 

However, measurements of minute volume 
of respiration, oxygen consumption and respira- 
tory gas exchange ratio (R.Q.), which aopea- 
essential to establish whether the delayed fall in 
the level of arterial pCO: actually reflects 
metabolically induced conpensatory hyper- 
ventilation, were not.carried out. A transitory fall 
of a few millimeters. Hg in the level of arterial 
pCO, and rise in arterial pH accompanied b~ 
little or no fall in plasma bicarbonate may result 
from moderate hyperventilation induced by the 
discomforts of an experimental procedure. Th= 
influence of such stimuli ‘would no doubt bz 
distinguished by an inconsistency in the results 
of frequent respiratory measurements along with 
measurements of arterial blood pH, pCO., 
plasma bicarbonate levels and of arterial blood 
pressure and pulse rate. Therefore, in our studie 
such observations were carried out, as described 
under Methods. 


In no instance did we observe a lag of a weex | 


or two in the fall of arterial pCO. behind that cf 
plasma bicarbonate, nor a rise in the mear. level 
of arterial pH to normal in the chronicallz 
acidotic patients, nor a return to the control pH 
values in the patients without lung, heart and 
kidney disease. However, although the mean 
arterial pH was lower during the diamox period 
in all patients, it was significantly reduced in only 
one of the patients with chronic pulmonar: 
emphysema and in three of the patients without 
lung, heart and kidney disease. The prompt 
partial respiratory compensation for the diamox- 
induced metabolic acidotic component (de 
crease in plasma bicarbonate) noted by ur, 
rather than a delayed complete compensation, 5 
to be expected according to Gray's studies on the 
integrated regulation of pulmonary ventilation.*§ 
Gray points out that “since the factor whica 
initiates and maintains the ventilatory adjust- 
ment is the pH change itself, the compensatioa 
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acute fall im arterial pH resulting from plasma 
bicarbonate depletion is a feeble respiratory 
stimulus as compared to a similar fall in the 
level of arterial pH resulting from sudden eleva- 
tion of arterial pCO;.?? Patients suffering from 
pulmonary emphysema associated with carbon 
dioxide retention exhibit considerably less 
respiratory stimulation than normal individuals 
from an acate elevation in the level of arterial 
pCO, upom inhalation of mixtures of carbon 
dioxide anc high oxygen.??-?! It might therefore 
be expectec that such individuals would be even 
more insersitive to a fall in arterial pH re- 
sulting from a decrease in the level of plasma 


' bicarbonate. 


Donald znd Christie,?? and Tenney?! reported 
a diminished ventilatory response to carbon 
dioxide in patients suffering from pulmonary 
emphyseme, to a degree which is proportional 
to the level of carbon dioxide retention in their 
blood. Tenaey also noted that increased respon- 
siveness to this stimulus developed in these 
patients on= to two days after their blood carbon 
dioxide cor-tent fell as a result of the ingestion of 
10 mg./kg. ‘24 hours of diamox.?! This lag in the 
onset of iacreased ventilatory response was 
ascribed to a probable readjustment of the 
sensitivity cf the respiratory center from adapta- 
tion to an elevated blood pCO, level. 

Tenney suggested that this mechanism might 
account for the delay of one to two weeks in the 
fall of arterial pCO: in patients with chronic 
pulmonary emphysema and respiratory acidosis 
treated wich diamox by Nadell.}! However, 
since it is Enown that the respiratory center of 
normal individuals is exquisitely sensitive to 
minor alterations in arterial pH and pCO» it is 
dificult tc involve the same reasoning to 
explain the similar lag noted in normal subjects 
by Nadell. i 

Althougk Fishman et al. also noted a return 
of arterial pCO: and plasma bicarbonate to 
normal levels in patients with chronic pulmo- 
nary emphysema and carbon dioxide retention 
treated with diamox, these patients did not 
then, contrary to Tenney's findings, exhibit an 
increased responsiveness to inspired CO;.?? The 
;response of these patients was not influenced bv 
the level of arterial hypoxemia, pH or red 


; ea 2 an . 
cannot be sufficient to restore the original pE, / L food cell mass and reduced ventilatory capac- 


for this would eliminate the respiratory stimulus / 
which is driving the compensatory mechanism’’ 
(ref. 28, p. 54). mE 

It is known that in normal individuals an 
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ity was exc uded as a cause for failure of ventila- 
tion to increase. It was concluded that such 
patients suffer from permanent injury to the 
respiratory center. These studies did not, how- 
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ever, account for the manner in vhich the level 
of arterial pCO» fell. Our studies, as has pre- 
viously been discussed, indicate -hat this may 
come about by different patterns of ventilatorv 
adjustment which have a common net effect. 
This was noted in both groups of patients 
studied. 

It is of interest to analyze tLe respiratory 
adjustments of our patients to carbonic anhy- 
drase inhibition according to Gray’s concepts 
of the integrated chemical regulaton of pulmo- 
nary ventilation.?* Gray derived a multiple 
linear equation * which describes quantitatively 
the partial effects of changes in arterial blood 
Ht concentration, pCO, and pC 5 on ventila- 
tion. It involves the assumption cf an equality 
in the levels of arterial and alveoar pCO; and 
pO». It is known that such relaticnships do not 
exist in the presence of pulmonary emphysema. 
The formula may therefore be used with con- 
fidence only in those of our patents without 
lung, heart and kidney disease. Variations in 
the level of arterial pO» above 80 mm. Hg have 
no effect on respiration in this formula. Al- 
though we did not measure arterial pO» directly, 
the values derived by interpolat on from the 
oxygen dissociation curve fell abov2 the 80 mm. 
Hg level in all our patients without lung, heart 
and kidney disease. The changes in the level 
of arterial pOs may therefore be csregarded in 
these patients. 

When Gray’s formula is applied in this 
manner to instances of metabolr acidosis, it 
can be seen that an increase in H+ -oncentration 
due to plasma bicarbonate deplet=on stimulates 
respiration. This leads to a fall in arterial pCO». 
The fall in the level of arterial pCO. depresses 
respiration. The net effect of these two opposing 
respiratory stimuli is an increase in ventilation in 
excess of metabolic requirements, -eflected by a 
greater VRz,,co, ratio as compa-ed with the 
pre-acidotic state. 

Under the influence of prolonged administra- 
tion of diamox, the alveolar ven ilation ratio, 
VRu.pco, of our patients falls Eelow that of 
the control period (Tables tv, v). his indicates 


*In this equation VRu,pcospos = 2.22H -+ 0.262 
pCO, — 18 + 2.118 X 1078 (104 — pC2)*5. VR refers 
to alveolar ventilation ratio. This is the zlveolar ventila- 
tion expressed as a multiple of the rest ng ventilation. 
The subscript symbol, H, represents the H ion concen- 
tration of arterial blood expressed in bilionths of moles 
per liter and similarly pCOs and pO refer to their 
tensions in arterial blood.?$ 
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that the inhibitory effect on ventilation of the 
decreases in the mean level of arterial pCO» 
exceeded the stimulatory effect of the relatively 
minor decreases in the mean levels of arterial 
pH. Had ventilation been regulated in these 
patients during the diamox periods solely by 
these chemical stimuli, according to Gray’s 
views, it would have ceased or been depressed 
as compared with the control periods.?? The . 
fact that the measured volumes of alveolar 
ventilation increzsed in all patients in whom 
the mean level of arterial pCO: fell significantly 
indicates, according to Gray’s concepts, that 
some other respiratory stimulus must have been 
operating. Whether this is due to direct or reflex 
stimulation of the respiratory center by car- 
bonic anhydrase inhibition is not evident. 

The fact that in all instances the changes in 
respiration noted by us no longer occurred 
when the level cf arterial pCO: and plasma 
bicarbonate returned to control levels following 
cessation of diamox therapy makes it seem 
likely that they were causally related to the 
effects of the drug. 

Three of the five patients (J. W., J. T., H. R.) 
with advanced oulmonary emphysema and 
respiratory acidos:s exhibited considerable fluc- 
tuations in the level of arterial pCO; from day 
to day and dur:ng the morning and early 
noon of the same day in the absence of change 
in clinical manifestations or in minute ventila- 
tion and respiratory gas exchange ratio (R.Q.). 
(Table m.) The evidence indicated that spon- 
taneous variations in effectiveness of alveolar 
ventilation were occurring without adequate 
explanation. These findings serve to emphasize 


.the limitations of ascribing a decrease in the 


level of arterial pCO» to diamox in such patients 
and the importance of statistical evaluation of 
their significance. 

Studies on the Efect of Bam Administration 
of Diamox on the Pesponse of Patients with Chronic 
Pulmonary Emphysema and Respiratory Acidosis to 
the Inhalation of 100 Per Cent Oxygen. It is cur- 
rently believed taat the respiratory drive: of 
patients suffering from pulmonary emphysema 
associated with anoxemia and carbon dioxide 
retention is maintained by anoxic reflex stimuli 
arising in the carotid and aortic bodies. Acute . 
relief of anoxemia by oxygen inhalation causes 
a suppression of the respiratory drive. Minute 
volume of respiration therefore decreases and 
as a result the level of arterial pCO% rises. 
Mental and neurologic symptoms develop in 


AMERICAN JOURNAL OF MEDICINE 


Respiratory and Renal Effects of Diamox—Galdston 


about 10 per cent of these patients during 
oxygen inhalation, for reasons which are not 
fully understood.!? There is disagreemen: cor- 
cerning the biochemical changes in the blood 
which predispose to these potentially serious 
complications. Some have indicated that the 
primary factor is a sharp fall in arterial pH due 
to failure of plasma bicarbonate level to rise 
along with the increase in arterial pCC».1?.# 
Comroe has emphasized that the elevated 
arterial pCO»; level is the determining factor.!? 
It was believed that some data which bear upoa 
both these concepts might be obtained by com- 
parison of the respiratory, biochemical and 
clinical responses to inhalation of 100 per cent 
oxygen, before and during diamox administra- 
tion, in the patients with pulmonary emphy- 
sema who exhibited only a significant fall in 
plasma bicarbonate and in the patients who, in 
addition, exhibited a fall in arterial pCO, during 
the diamox period. According to the views of 


Barach!? and Richards,?? a decrease in the level | 


of plasma bicarbonate, unaccompanied by a 
fall in arterial pCO, during the diamox period, 
might be expected to increase the severity of 
respiratory depression during inhalation of 
oxygen and predispose to the development o: 
mental symptoms and neurologic disturbznces. 
This would be more likely to occur in those 
instances in which a compensatory rie ir 
plasma bicarbonate did not take place during 
oxygen inhalation. It was a fortunate coincidence 
that the level of arterial pCO, and arteria. 
blood oxygen saturation varied very little ir 
certain groups of studies (Table vr) carried oux 
during the control and diamox periods in pa- 
tient J. W., which made it possible to evaluate 
this concept. It is evident that this patient dic 
not exhibit a greater decrease in minute volume 
of respiration on oxygen following intensificatior 
of acidosis due to a fall in plasma bicarbonate 
level during the diamox period. Simuarly, 
failure of plasma bicarbonate level to rise during 
oxygen inhalation in the control and diamox 
periods did not alter the degree of respiratory 
depression. In no instance did the patient 
develop mental and neurologic symptoms. 

The studies of Comroe et al.!? suggest a 
potential beneficial effect of diamox in the 
prevention of mental symptoms during inhala- 
tion of oxygen in patients in whom it brings 
about a reduction in arterial pCO» to less than 
50 mm. Hg. They concluded on the basis of 
studies in sixty-five patients with chronic pul- 


OCTOBER, 1955 


529 
monary emphysema that mental symptoms 
occur only in patients with an arterial pCO. 
level of 50 mm. Hg or more, associated with 
anoxemia, which is relieved by inhalation of 
oxygen. Unfortunately for the purpose of 
evaluating the possible beneficial effects of the 
drug, none of our patients experienced mental 
symptoms during either the control or diamox 
periods. It was thought, however, that in keeping 
with Comroe’s view those patients who experi- 
enced a significant fall in the level of arterial 
pCO, during diamox therapy might exhibit 
less respiratory depression during oxygen in- 
halation. Such studies could be carried out only 
in one (M. A.) of the two patients who exhibited 
a significant fall in the level of arterial pCO, 
(from 61 to 51 mm. Hg) and of plasma bicar- 
bonate (from 32 to 25 mEq./L.) during diamox 
therapy. Arterial blood oxygen unsaturation 
was also relieved in this patient by oxygen 
inhalation. (Table vr) He did not exhibit 
less respiratory depression during oxygen inhala- 
tion in the diamox period than during the con- 
trol period. 

A potential disadvantage resulting from the 
use of diamox was exhibited by patient J. T. 
when bronchopneumonia developed compli- 
cated by a rise in the level of arterial pCO» and a 
fall in the level of plasma bicarbonate during a 
course of diamox therapy. In the absence of this 
complication the patient exhibited a fall in the 
mean level of plasma bicarbonate from 35.2 to 
30.9 mEq./L. associated with statistically in- 
significant changes in the level of arterial pCOs 
and pH. (Table m.) While suffering from bron- 
chopneumonia plasma bicarbonate level fell an 
additional 4.9 mEq./L., i.e. to 26 mEq./L., and 
arterial pCO: rose to 100 mm. Hg and arterial 
pH fell to 7.05. It can be estimated by the 
graphic method of Davenport?* that for this 
rise in the level of arterial pCOs arterial pH 
would have fallen to only 7.20, if one makes the 
reasonable assumption that in the absence of 
diamox ingestion mean plasma bicarbonate level 
would have fallen from 35.2 mEq./L. to only 
30.3 mEq./L. during the bronchopneumonia. 
Even greater intensification of the acidosis would 
occur should such a, patient experience ventila- 
tory depression and carbon dioxide retention 
during oxygen therapy, which is commonly 
administered in the presence of bronchopneu- 
monia. It is, of course, likely that partial com- 
pensation for the increase in arterial pCO would 
occur as a result of increased renal bicarbonate 


939 
reabsorption stimulated by the nsing arterial 
pCO,. 5-57 

J Another potential disadvantage in the use of 
diamox, should clinical complications asso- 
ciated with either carbon dioxide retention or 
plasma bicarbonate depletion, or doth, develop 
is the delay of about three to five days in the rise 
of plasma bicarbonate to its usual Evel following 
discontinuance of the drug. 

The marked sensitivity of tke respiratory 
regulatory mechanism of patients with chronic 
anoxemia to only minor increases in arterial 
blood oxygen saturation is illuswated by the 
studies carried out in patient J. W. A rise of 
only 3 per cent during oxygen .nhalation on 
July 13, 1953, was associated wich a 42.6 per 
cent decrease in minute volume vf respiration. 
(Table vr.) Similarly on April 6, 7953, when he 
exhibited a comparable degree of znoxemia dur- 
ing oxygen inhalation, minute volume of 
respiration was 31.3 per cent less than when 
breathing room air. (Table v1.) 

These studies demonstrate that the respira- 
tory depression during oxygen inkalation is not 
of the same intensity in different patients 
who exhibit comparable degrees of anoxemia 
in room air and during oxygen inhalation. 
Patient H. R., starting from  1pproximately 
the same level of arterial oxyg-n saturation, 
attained 84 per cent saturation on April 27, 
1954, and May 5, 1954. However, his average 
minute volume of respiration -vas depressed 
12.7 per cent on May 5, 1954, ar only 0.4 per 
cent on April 27, 1954. (Table 71.) Similarly, 
patient J. W. attained the same degree of 
arterial oxygen saturation (84 per cent) on 
April 2, 1953, and May 8, 1953, zssociated with 
about 45 per cent decrease in respration. (Table 
vr) These observations indicate that in these 
patients with chronic anoxemia the level of 
arterial blood oxygen saturation is not the sole 
stimulus for regulation of the mirute volume of 
respiration. It is possible that the presence of 
heart failure contributed to the greater respira- 
tory depression in patient J. W as compared 
with patient H. R. In this regard, Comroe et al.!? 
reported that of nine chronically anoxemic 
patients who exhibited mental symptoms during 
oxygen inhalation, six were in ccngestive heart 
failure. 


SUMMARY 


Studies of the immediate znd long-term 
effects of the ingestion of 2.2 © 6.3 mg./kg. 
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diamox, given every six hours, on acid-base 
balance of the blood, plasma electrolyte levels, 
urinary electrolyt» excretion rates, respiration 
and metabolic rzte were carried out in five 
patients suffering from chronic lung disease 
and respiratory zcidosis, and in five patients 
without lung, heart and kidney disease. 

Within four hours after the ingestion of a 
single dose of dizmox both groups of patients 
exhibited a fall in the level of plasma bicar- 
bonate and alkalinization of the urine with a 
diuresis of sodium, potassium and bicarbonate 
ions. The alteraticns in the level of arterial pCO. 
were variable and arterial pH either remained 
unchanged or fell moderately. The intensity 
of these changes bore no relationship to the size 
of the dose of diaraox, the initial levels of plasma 
electrolytes, arterial pH or oxygen saturation. 

Alkalinization of the urine and diuresis of 
sodium, potassium and bicarbonate no longer 
occurred after the first few days in all but one 
patient, who suffered from heart failure asso- 
ciated with chronic pulmonary emphysema and 
cor pulmonale. He exhibited inhibition of 
acidification of the urine without electrolyte 
diuresis throughout an eight and one-half 
week study period. 

Prolonged administration of the drug was 
accompanied in all the patients by a significant 
fall in the level of plasma bicarbonate. Arterial 
pCO, fell significantly in three and arterial pH 
in two of the patients without heart, lung or 
kidney disease. Two of the emphysema patients 
exhibited a signi£cant decrease in arterial pCO, 
and one an intensification of acidosis. Arterial 
pH did not rise to a normal level in the emphy- 
sema patients, nor to control values in the pa- 
tients without lung, heart or kidney disease. 
Arterial pCOs often fluctuated considerably, 
without apparert cause, in the course of a 
morning and fram day to day in control and 
diamox periods in three of the chronic emphy- 
sema patients. 

Hyperventilation or an increase in tidal air 
and a moderate slowing in rate of respiration, 
while minute vclume of respiration remained 
relatively unchanged, accounted for the in- 
stances of sustained decrease in arterial pCO», 
rise in alveolar p'D, and alveolar ventilation. 

The ventilatory adjustments to prolonged 
administration of diamox appear to involve a 
stimulus or stimuli other than those included 
in Gray's multip.e chemical factor theory of the 
regulation of ventilation. 
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Intensification of acidosis by diamox-induced 
fallin plasma bicarbonate in the chronic emphy- 
sema patients did not alter their degree of 
respiratory depression during inhalation cf 100 
per cent oxygen and the response of one such 
patient was not less depressed when there was 
a concomitant reduction in the level of arterial 
pCO;. 

Potential disadvantages to the administration 
of diamox every six hours in some patients with 
chronic respiratory acidosis are intensification 
of the acidosis due to depletion of plasma br 
carbonate and a delay.of a few days in its return 
to control levels following discontinuance of the 
drug. 
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Ventilatory Drive in Chronic 
Pulmonary Emphysema* 


A. P. FISHMAN, M.D., P. SAMET, M.D. and ANDRÉ COURNAND, M.D. 
New Ycrk, New York 


pulmonary emphysema, a disease char- 

acterized anatomically by narrowing of the 
bronchioles and loss of pulmonary elasticity, the 
capacity to increase minute ventilation “Vz)T 
is an important compensatory mechanism fcr 
disturbed alveolar ventilation-perfusion relz- 
tionships, which constitute a fundamental 


T patients with chronic, diffuse, obstructive 


physiologic aberration of this disease. Te’ 


defects in distribution, physiologically equiva- 
lent to augmented dead space ventilation and 
venous admixture, would in the absence of 
compensatory mechanisms impede the el:mina- 
tion of CO; from the blood, thereby dammirg 
up CO; in the large tissue-fluid reservoir; the 
retention of CO, would, in turn, lead to zn 
increase in alkali reserve mediated Ly the 
kidney. The respiratory mechanisms available 
to counteract the tendency to CO; retention 
include (1) the ability of the respiratory centar 
to augment the ventilatory drive, thereby 
promoting a larger Vg and effective a'veolar 
ventilation (V4), and (2) the capacity of the 
chest bellows to respond to an augmented 
ventilatory drive. 

It has long been known? that in some pa- 
tients with chronic pulmonary emphysema there 
is only a slight increase in Vg when CO; is added 
to inspired air. This limited ventilatorv response 
has been ascribed to (1) reduction of the mazi- 
mum ventilatory capacity, (2) increased buf- 
fering capacity of arterial blood and (3) depres- 
sion of the responsiveness of the respiratory 
center to the stimulus of an increased partal 


1 Abbreviations are in accordance with the suggestions 
of the Committee on Standardization of Symbols in 
Respiratory Physiology. Fed. Proc., 9: 602, 1950. 


pressure of CO in arterial blood. The potential 
role of this last mechanism is suggested by 
experimental observations which demonstrate 
that in dogs variations in Pco, hydrogen ion 
concentration and alkali reserve of arterial 
blood and cerebrospinal fluid influence the 
responsiveness of the respiratory center to the 
CO. stimulus. The therapeutic implication 
of these observations prompted Boutourline- 
Young and Whittenberger? to attempt restora- 
tion of the sensitivity of the respiratory center 
to the Poco, stimulus in two patients with 
chronic pulmonary emphysema and CO; reten- 
tion. For this purpose they used controlled, 
mechanically-induced, prolonged hyperventila- 
tion in order to effect a reduction in arterial 
blood Poo, and alkali reserve. 

The present study was planned with the 
following objectives: (1) to identify physiologi- 
cally the type of patient with chronic pulmonary 
emphysema in whom there is a reduced ventila- 
tory drive; (2) to determine the mechanisms 
responsible for the limited increase in Vg during 
CO: breathing in these patients, and (3) to 
evaluate, in patients with chronic pulmonary 
emphysema and long standing CO; retention, 
the effect on the regulation of respiration of a 
reduction in arterial blood Peo, and alkali 
reserve achieved by the use of a carbonic 
anhydrase inhibitor. These three aspects of the 
present investigation are of considerable impor- 
tance in the medical management of individual 
patients with this disease. 


SUBJECTS FOR STUDY 


To facilitate this presentation the patients are 
classified into three homogeneous groups and a 


* From the Department of Medicine, Columbia University, College of Physicians and Surgeons and the Cardio- 
Pulmonary Laboratory of the First Medical and Chest Services (Columbia University Division), Bellevue Hospital, 
New York, N. Y. The work described in this paper was supported by a research grant from the National Heart Institute 
of the National Institutes of Health, United States Pub.ic Health Service and by an additional grant from the American 
Heart Association. Presented in part at the Seventy-second Meeting of the American Physiological Society, Atlantic 
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fourth miscellaneous group. The fisst group con- 
sists of eleven hospital normal" subjects free 
of cardiac or pulmonary disease serving as 
controls. The second |group.conssts of twelve 
patients with chronic pulmonary emphysema 
without CO, retention at the time of study and 
without a medical history suggestive of previous 
CO; retention; these patients will ke referred to 


as patients with emphysema without CO% 


retention. The third group consiss of thirteen 
patients with chronic! pulmonary emphysema 
complicated by CO» retention and arterial 
hypoxemia; these patients will be seferred to as 
patients with emphysema with CO, retention. 
The diagnosis of chronic pulmonary emphysema 
was established in each patient in accord with 
criteria previously described. 1 The ourth group 
consists of six patients with either cardiac dis- 
ease or pulmonary disease other than chronic 
pulmonary emphysema and includes two pa- 
tients (C. S., B. B.) with congestive 3eart failure, 
two patients (N. P., iG. L.) wita secondary 
polycythemia due to congenital heart disease, 
one patient (W. W.) with severe priraary anemia 
(6 gm. of hemoglobin! per 100 nd. of blood) 
and one patient (E. H.) with diffuse pulmonary 
granuloma. Hence five of the six >atients had 
one physiologic abnormality, that is, either 
polycythemia, chronic; hypoxemia, anemia or 
slowed circulation which might per se alter the 
ventilatory response to inspired carbon dioxide, 
while the sixth had a chronic pulmonary lesion 
quite different from ; emphysema. Pertinent 
statistics concerning all control sabjects and 
patients are included in Table I. 

The control subjects. were studied (allows 
recovery from their illness prior t discharge 
from the hospital. Most of the patients with 
chronic pulmonary emphysema were ambula- 
tory. Since clinical recognition G an acute 
upper respiratory infection may be difficult in 
patients with chronic pulmonary emphysema, 
particular care was exerted not tc study any 
patient during an overt exacerbation of pul- 
monary disease. The data in Table 1 wére 
obtained after a period of training end adapta- 
tion to the procedures, ito the persoanel and to 
the laboratory surroundings; this period of 
training was required in order to o3btain con- 
sistent and reproducible ventilatory responses 
during control and experimental periods. Pa- 
tients who had been previously studied in the 
laboratory required little or no trairing; others 
required one or more training per-ods before 
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they could tolerate concentrations of 1 to 5 per 
cent CO; in inspired air without anxiety and 
with satisfactory evidence of stabilization of the 


. respiration and circulation, such as constancy 


of ventilation, heart rate, oxygen uptake and 
respiratory exchange ratio. 

'All patients were continued on regular treat- 
ment schedules. For the emphysema patients 
without CO; retention this was largely confined 
to inhalations of bronchodilator sprays. The 
emphysema patierts with CO» retention were, 
in addition, usually on low-salt diets and were 
receiving maintenance doses of digitalis and 
mercuhydrin? in accord with their clinical 
needs; seven patients in this group were also 
treated with diamox,® a carbonic anhydrase 
inhibitor, * the general trend of the disease in 
these patients had been documented in this 
laboratory by repeated ventilatory studies and 
arterial blood analyses during periods of ob- 
servation extending up to four years. 


METHODS 


All patients wer2 studied in the postabsorp- 
tive basal state without preliminary sedation. 
The series of gas mixtures routinely used were 
0, 1, 3 and 5 per cent CO»: in air. Each mixture 
of CO» in air was breathed for twelve to twenty 
minutes and samples of gas for analysis were 
collected during the last one and one-half to 
two minutes of each period. At least twenty 
minutes of breathing of room air elapsed be- 
tween runs. This time schedule was based on the 
demonstration both in normal subjects and in 
patients with emphysema that (1) ventilation 
reached a constant -evel after approximately ten 
minutes of 5 per cent CO; breathing (Fig. 1), 
(2) arterial blood Pcos pH and oxyhemo- 
globin saturation also reached a plateau at ten 
minutes and (3) arterial blood Pcos, pH and 
oxyhemoglobin saturation had returned to con- 
trol levels by the twentieth minute of recovery on 
ambient air. The purpose of the preliminary 
studies and the experimental plan was to reach 
and maintain a “‘steady state" of respiration and 
circulation!? and a stable gaseous composition of 
tissue fluids (particularly with respect to CO2) so 
that arterial blood Pco;s and pH might reflect 
the chemical stimuli at the level of the respira- 
tory center. 


* Diamox, the trade name for acetazoleamide, was 
made available througa the courtesy of Dr. James D. 


‘Gallagher, Lederle Div.sion of the American Cyanamid 


Co., Stamford, Connecticut. 


AMERICAN JOURNAL OF MEDICINE 


Chronic Pulmonary Emphysema—“ishman el al. 535 


TABLE I 
VENTILATORY RESPONSE TO BREATHING 5 PER CENT CO» IN AIR IN FOUR GROUPS 








Breathing Mixture: Breathing Mixture: 
Ambient Air 5 Per cent CO in Air 
Subject Age Sex B.S.A, SS SS E ES 
Vier ft v-t VE f : . VT 
(L /min.) (per min.) (m!.) (L./min.) (per min.) (ml.) 


rrr Cala ADI ER ERR EIS er eet 
SEMANAS 


Group .: Control Subjects 
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E. Mc. 52 M 1.79 9.38 19 
E. C. 22 M 1.74 7.59 17 
A. O. 55 M 2.02 9.47 17 
E. A. 48 M 1.88 10,70 22 
J. A. 19 F 1.39 7.95 22 
W. M. 32 M 1.91 10,90 20 
LK 38 M 1.87 10.30 16 
A. F. 57 M 1.71 7.58 13 
W. S. 20 M | 4.53 9.20 10 
M. C. 42 F 1.46 5.37 i 
B. L. 30 M | t.74 9.59 24 
Average 8.22 17 
Standard deviation 1.57 5 
Group II: Patients with Caronic Fulmonary Emphysema with ui CO» Retention 
G. E. 63 M 1.71 10.10 26 
G. P. 65 M 1.57 13.40 28 
P. G. 54 M 1.47 6,50 7 
J. H. 67 M 1.53 11.00 18 
J.T. 75 M 1.63 7,20 20 
L. T. 39 M 1.91 8.24 12 
J. S. 39 M 1.69 8.15 19 
T. Ba. 57 M 1.69 8.40 9 
W. E. 45 M 1.88 12.26 23 
J. C, 39 M 1.73 9.51 17 
T. Br. 59 M 1.81 10.10 20 
J. E. 51 M 1.62 8.00 16 
Average 9 .40 18 
Standard deviation ; 2.06 2 139 5.77 5 378 
Group IH: Patients with Chronic Pulmonary Emphysema wath CO» Retention 
A. P. 53 M 1757 8.12 24 38 10.40 21 495 
A. De. 59 F 1.53 6.92 18 335 7.50 20 375 
A. Da. 36 M 1.64 7.28 15 436 13.10 17 771 
J. Bu. 45 M 1.47 10.20 32 474 16.60 25 664 
A. W. 67 M 1.48 11 50 28 424 19.60 34 576 
A. Y. 42 M 1.55 7 29 20 53 10.10 19 532 
W, B. 49 M 1.59 10 70 35 D6 14.40 31 465 
P. M. 52 M 1.77 11.30 28 £04 16,90 32 528 
B. B. 60 M 1.66 9 74 28 248 17.30 28 614 
S. R. 48 M t.72 9.74 28 =48 15.00 40 375 
F. P. 63 M 1.76 10.30 20 £15 16.30 20 816 
J. Be. 58 M 1.59 9.95 20 £98 20.40 24 850 
J. S. 67 M 1.56 8.30 25 -33 14.00 35 400 
Average ` | 9.33 24 «00 14.74 27 574 


Standard deviation 


ARTE Sie 








WwW. W. 48 M 
C. S. 48 M 
B. B 63 M 
N.P 20 M 
G.L 15 M 
E.H 20 M 








ME — minute vernia ioa B.T.P.S. 
= respiratory frequency. 

Í VT = tidal volume. 

§ For diagnosis sec text, 
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The inspired gas san used are indicated 
in the tables and illustrations, They were ad- 
ministered through an open Circuit, using 
demand valves or an anesthesia dag. Expired 
gas was collected and measurec in a Tissot 
spirometer from ‘which gas samples were ob- 
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Fic. 1. Graphic representation of the time required for 
reaching a constant level of ventilation wnile the patient 
is breathing a mixture of 5 per cent CO. in air; control 
subjects are indicated by open circles, ard patients with 
pulmonary emphysema and CO, retertion by closed 
circles. 


tained for analysis. Arterial blocd was with- 
drawn anaerobically from an indweling brachial 
artery needle during the middle ninute of the 
period of collection of expired gas. 

All samples were checked in duplicate. The 
composition of inspired and expzred gas was 
determined using a micro-Scholancer apparatus. 
From these values were calculeted the Or 
uptake (Vo), CO: production (Vco,) and 
respiratory exchange ratio (Rg). Arterial blood 
samples were analyzed immediate-y after with- 
drawal by the method ‘of Van Slyk«-Neill for O% 
and CO; content and Os capacity. Arterial 
blood pH was determined at constant tempera- 
ture of 37°c. using the MacInnes-Belcher glass 
electrode. Arterial blood oxygen tension (P,o.) 
was derived from the standard oxyhemoglobin 
dissociation curve using the value for oxy- 
hemoglobin saturation corrected or pH. The 
arterial blood carbon;dioxide tensions (Pico) 
were calculated from! the line ckarts of Van 
Slyke and Sendroy, occasionally sipplemented 
by direct determinations using the bubble 


method of Riley. The alkali reserve (T49) 


was expressed as the ‘CO: of whole blood at 
Pco, of 40 mm. Hg arid was obtained from the 
nomogram of Henderson. 


Minute alveolar ventilation (VÀ) was deter- 


mined as the difference between total minute 
ventilation (Vg) and dead space minute 
ventilation (Vp). The volume of the respiratory 
dead space (V p) <or each subject was calculated 
from the Bohr cormula, substituting arterial 
blood Pco, for alveolar Pco,. The measurement 


IHCREASE te vt 
PER CENT 





EMPHYSEMA WITH 
eo RATENTION 


RMPHYAKMA WITHOUT 
eo RETENTION 


CONTINOI, 


Fic. 2. Chart of the increase in minute ventilation while 
the patient is breathing a mixture of 5 per cent CO; in 
air in three groups cf subjects; for description see text. 


of the maximum ventilatory capacity and stand- 
ard step exercise tests were carried out as 
previously described.!! Steady state leg exercise 
was performed w:th the patient in the supine 
position using a pulley system by means of which 
each leg alternately moved an attached weight 
a fixed distance. 


RESULTS 


7]. The ventilatory response to inspired carbon 
dioxide. ‘The patients were exposed to inspired 
gas mixtures of 2 per cent, 3 per cent and 
5 per cent CO» :n air. However, statistically 
significant differences in ventilation became 
manifest only when the groups were breathing 
5 per cent CO; in air. The changes in minute 
ventilation (V), respiratory frequency (f) and 
tidal volume (Vr) characteristic for each patient 
while breathing a mixture of 5 per cent CO; in 
air are listed in Table 1 and illustrated in Figure 
2. It is clear that the increase in Vg is consider- 
ably less in patients with emphysema and 
CO; retention than in the three other groups. 
Thus mean Vg while the patient was breathing 
a mixture of 5 per cent CO; in air exceeded Vg 
while breathing ambient air by 187 per cent in 
the control group, by 146 per cent in the group 
of emphysema without CO; retention and by 
58 per cent in the group of emphysema with CO; 
retention. The data on patients of the fourth 
group were not averaged because of the hetero- 
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geneous nature of the disorders represented; 
however, each of the patients responded as did 
the normal subjects. The increase in Vg in all 
groups was due primarily to increase in tidal 
volume (Vr) without statistically significaat 
increase in respiratory frequency (f). 

In Figure 3 is further depicted an interestirg 
distinction between the ventilatory responses »f 
the two groups of patients with emphysema. 
In the emphysema patients with CO: retenticn 
(Fig. 3A), Vg while breathing the mixture of 
5 per cent CO: in air (Fico, = .05) is zlose;y 
related to Vg during breathing of ambient air 
(Fico, = 0). A similar plot for the emphy- 
sematous patients without CO; retention is 
illustrated in Figure 3B, to which the best visual 
line of Figure 3A has been transposed. It is 
apparent that in the latter group there is (1) 
considerable augmentation of Vg while breata- 
ing the mixture of 5 per cent CO» in air and (2) 
no relation between Vg when Fico, = 0 and 
Ve when Fico, = .05. 

2. Gas exchange in the lungs and arterial blood 
composition while breathing ambient air and 5 fer 
cent CO» in air. In Table u are listed the data 
concerning respiratory gas exchange and arterial 
blood gaseous composition during the ventilatory 
studies listed in Table r. In all groups the respira- 
tory exchange ratio (Rg) decreased during CO; 
breathing. This reflects in large part the lack of 
sufficient time during the short period of CO; 
breathing to restore fully the dynamic equilib- 
rium for CO» throughout the lungs, blood and 
tissue fluid and indicates some degree of reten- 
tion of inspired CO; in blood and tissues. Uncer 
these conditions calculations of the Vp, aad 
Vco, in the lungs do not exactly measure tne 
corresponding exchanges in the tissues, resultiag 
in a higher Vo, and lower Vcoo, than actua.ly 
obtains. 

In normal subjects the arterial blood Pro, and 
pH probably can be taken to be a measure of 
the main chemical stimulus to the respiratcry 
center. It is therefore of interest that, even 
though the mean changes in arterial blood Peo, 
and pH during 5 per cent CO; breathing were 
of the same magnitude in the control subjects 
and in the two groups of patients with empty- 
sema, being respectively +8, +8 and +7 mm. 
Hg and —0.6, —0.6 and —0.4 pH umts 
(Table 1), the patients with emphysema and 
CO; retention had a consistently lower venti a- 
tory response to the inspired CO; mixture. 
Further analysis, relating arterial blood Poo. to 
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alveolar ventilation (V4) rather than to minute 
ventilation. (Vg), indicates that in the emphy- 
sematous patient with CO; retention the increase 
in V4 is generally less than in the other control 
subjects and patients. This is illustrated in 
Figure 4. Finally, no relationship could be 
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Fic. 3A. Correlation between minute ventilation while 
the patientis breathing ambient air and while breath- 
ing 5 per zent CO; in air in thirteen patients with 
pulmonary emohysema and CO: retention; the regres- 
sion line is the best visual line through the points. 
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Fic. 3B. Correlation between minute ventilation while 
the patient .s breathing ambient air and while breathing 
5 per cent CO; in air in twelve patients with pulmonary 
emphysema without CO»; retention. The visual line of 
Figure 3A has been included to facilitate comparison 
betwcen thc two groups of patients. 


established between the level of alkali reserve 


(Tac) and the ventilatory response to 5 per cent 
CO; in ax. 

3. Effec. of relief or aggravation of hypoxia on 
the ventilatory response to 5 per cent CO in ar.. 
As a result of a limited increase in V4 while 
breathing 5 per cent CO; in air the patients 
with empàysema and CO; retention exhibited a 
slight ris? in arterial blood oxyhemoglobin 
saturatior. (Table 11) and oxygen tension (P03), 
the increraents varying with the level of arterial 
oxyhemoglobin saturation prior to COs breath- 
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| TABLE II 
GAS EXCHANGE AND ARTERIAL BLOOD COMPOSITION WHILE BREATHING AMEIENT AIR AND 5 PER CENT CO» 
v^ IN AIR IN FOUR GROUPS 


+ 







| 
t 
| Breathing Mixtare: l i Ereathing Mixture: 
f 
j 








Ambient AE 5% CO: in Air 
Subject Gas Exchange in Lungs Arterial Blood Gas Exchange in Lungs Arterial Blood 
Vo,* Vco,t | O Poo. pH Vo, Veo. RE Qa | Poo, oH 
{L./min./M2) | (L./min./M2) (sat. 22) | (mm. Hg) 


(L./min./M?) (L./min./M?) | Rut Cat. a) (mm. Hg) 








Group 1: Control Subjects 








E. Mc. 96 45 7.39 
E. C. 99 41 7.41 
ALO. 98 42 7.36 
E. A. 99 47 7.35 
J. A. 97 46 7.38 
W. M. 98 45 7.33 
A. F. 100 50 7.39 
J. K. 96 46 7.35 
W. S. 100 45 7.37 
M.C. {| 148  ] #113 à 31?).76|] 95 | BI à 17.48]  ..... ||  .....  )...] ..... — 
B.I. 4 132 | 1d. 102 F783 95 | 33 | 1| 7.42]  ..... 1l | Xx. dx] exea ei 

Average 98 45 7.37 

Standard 1.4 2.5 .02 
devia- 


tion 
















G. E. 40 7. 118 43 7.38 
G. P. 40 T. 109 47 7.33 
P. G. 43 7. 101 56 7.34 
J. H. 43 7. : 105 50 7.37 
IT. 43 7. 106 49 7.38 
L. T. 39 T: 114 54 7.31 
J. S. 41 7. 83 52 7.29 
T. Ba. 36 TF: 124 42 7.37 
W. E. 39 7. 113 45 7.37 
I6 36 y» 108 45 7.32 
T. Br. 40 7. 108 47 7.38 
. E. 37 7. 97 47 7.36 
Average 40 7.41 107 48 7.35 
Standard 
devia- 















A. P. 50 7.43 125 87 52 7.40 
A. De. 59 7.37 100 77 66 7.35 
A. Da. 48 7.39 149 112 58 7.31 
J. Bu. 50 7.43 184 113 54 7.36 
A. W. 54 7.40 166 143 60 7.36 
A. Y. 66 7.30 175 126 70 7.30 
W. B. 58 7.39 140 115 62 7.38 
P. M, 56 7 .36 "pe : 60 7.32 
B. B. 52 7.39 154 112 64 Tada 
S. R. 63 7.37 149 117 68 7.35 
F. P. 47 7.39 164 97 57 7.35 
J. Be. 46 7.40 166 127 51 7.37 
J. S. 59 7.36 143 103 66 7.27 
Average 54 7.38 151 111 61 7.34 
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* Vo, = oxygen uptake S.T.P.D. 
T Voo. = carbon dioxide output S.T.P.D. 
IRE = respiratory exchange ratio in the lungs. 


| 
| 
AMERICAN JOURNAL OF MEDICINE 
| 
| 


Chronic Pulmonary Emphysem 


ing. It was therefore necessary to estimate th= 
contribution of a reduction in the hypoxis 
stimulus to the diminished ventilatory respons= 
to inspired CO; in these patients. Two series cf 
experiments were devised. 


a. Fourteen emphysematous patients wita 


Ó NORMAL SUBJECT 
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Fic. 4. Correlation between the increase in arterial blood 
CO, tension and the increase in alveolar ventilation .n 
the three groups of subjects while breathing 5 per ceat 
COs in air; for discussion see text. 


CO; retention and arterial oxyhemoglobrn 
unsaturation were allowed to breathe a mixture 
of either 25 per cent or of 16 per cent Os in N». 
While breathing the 25 per cent Oz mixture, 
mean Pao: increased from 48 to 65 mm. Hg but 
there was no associated change in Vg; con- 
versely, with the 16 per cent Os mixture a 
decrease in mean Pao; from 62 to 38 mm. Hg 
effected only a slight increase in Vg. (Table ir.) 


TABLE Hi 
EFFECTS OF CHANGES IN ARTERIAL BLOOD OXYGEN TENSION 
ON MINUTE VENTILATION IN PATIENTS WITH CHRONIC 
PULMONARY EMPHYSEMA AND CO, RETENTION 
Average 


Average Average 


» | No. of 








Floe ; Arterial Paost Pacoet E$ E 
sides (9; HbO? | (mm. Hg) | (mm. Hg) (L./min./b 3) 
M 8 79 48 55 5.5 
.25 8 89 65 55 5.5 
x 6 91 62. 50 8.6 
16 6 72 38 49 9.2 


* FiO, = oxygen concentration in inspired gas. 

t Paos = oxygen partial pressure in arterial blood. 

t Pacos — carbon dioxide partial pressure in arterial blocd. 
$ VE — minute ventilation B.T.P.S. 


b. 'The patients of the three groups breathed 
successively (1) ambient air, (2) a mix:ure of 
5 per cent CO; in air and (3) a mixture of 5 
per cent CO; and 14 per cent Os in Ne, or a 
mixture of 5 per cent CO» in 95 per cent Os. Tre 
changes in arterial blood Pco, while breathing 
the various 5:per cent CO» mixtures were similar 
in all three groups. (Table rv.) It is apparent 
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that while sreathing 5 per cent CO»: the role of 
the moderate hypoxic stimulus in the control 
group and in the group with emphysema and 
CO; retenzon is negligible. However, when 
5 per cent Os was administered in 95 per cent 
O» a significant reduction in Vg occurred only 
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Fic. 5. Schematic representation of the average effect 
of breathirg 5 per cent CO» with various mixtures 
of Os upcn the minute ventilation in two series of 
observations on patients with chronic pulmonary 
emphyseme and CO: retention. The figures next to 
the symbol: represent the arterial blood O: saturation 
obtained with the various mixtures of inspired gas; 
each solid block represents the average of seven ob- 
servations; each open block represents the average of 
five observations. 


in the patients with emphysema and COs reten- 
tion. The average results of these studies in the 
patients with emphysema and CO; retention are 
illustrated in Figure 5. 

In summary, a moderate relief of the hypoxic 
stimulus cannot account for the diminished 
ventilator response characteristically observed 
in emphysematous patients with CO: retention 
during CO; breathing. On the other hand, in- 
crease in arterial blood Po, to levels far in 
excess of the physiologic range is capable of 
causing a marked diminution in Vg. Such 
levels ma» result from pure oxygen breathing 
but are certainly not attainable while breathing 
5 per cent CO» in air. 

4. Effect of diminished ventilatory capacity on the 
ventilatory -esponse to breathing 5 per cent CO in air 
and to exercise. In each of the patients with 
emphysema and CO; retention the voluntary 
maximum breathing capacity (MBC) was 
considerably reduced. In six patients of this 
group the average increase in Vg while breath- 
ing the mixture of 5 per cent CO: in air was 
compared to the increase in Vg during a 
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standard exercise test and to the ABC. (Table 
v.) The data show that the Vg whfe the patient 
was breathing 5 per cent CO; ircreased only 
slightly above the control level end failed to 
reach a level higher than one-third of the 
MBC; by way of contrast, the Ve during mild 
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cise but also during more prolonged periods of 
steady state exercise, the results of which are not 
tabulated. On the other hand, in some patients 
with emphysema without .CO; retention who 
showed a considerable reduction in MBC, Vg 
while the patient was breathing 5 per cent CO; - 


TABLE IV 
COMBINED EFFECTS OF VARIATIONS IN ARTERIAL BLOOD Os SATURATION AND CARBON DIOXIDE PARTIAL 
PRESSURE UEON VENTILATORY DRIVE IN THREE GROUPS 


Group I: Control 


Group II: Emphysema without CO: 
Retention 


Group III: Emphysema with CO» 
Retention 


Bx Arterial Blood Arterial Blood Arterial Blood 
Mixture | No. of |- CEN No. of è No. of B 
put Do (L/min /M2) | EXPE | o (L./min./M2) | EXP | o, (L./min./M?) 
ments (bat Pco,* 3 ments (s : Poco: ' l menis (sat PCOe : f 
%) (mm. Hg) %) (mm. Hg) %) (mm. Hg) 
Ambient air.) 8 96 37 Ec age dowd a — d Ee 5 89° 49 6.23 
5% CO: in 
air... sa. 8 98 44 th. ll te. Week m || > seth 5 96 56 10.80 
5% COz in 
14% Or...) 8 95 | 42 jb pue Ub ilo Toad a b nime 5 90 54 11.10 
Ambientair.| 3 95 36 5,59 4 95 40 5.07 7 85 52 4.89 
5% COs in 
M NERIS 3 99 46 16.10 4 50 14.00 7 93 61 7.98 
5% COs in 
16.2) 4 49 13.30 7 100 62 6.59 


95% Oz...) 3 | 100 46 


* Poos = partial pressure of carbon dioxide. 
Tt VE = minute ventilation B.T.P.S. 


exercise reached two-thirds of the MBC. 

This disparity in response to CO» and exercise 

stimuli was repeatedly demonstra-ed in these 

patients, not only during brief per ods of exer- 
TABLE V 

VENTILATORY RESPONSE TO DIFFERENT STIMT LI IN PATIENTS 


WITH CHRONIC PULMONARY EMPHYSEMA AND CO2 
RETENTION 


Maxi- Minute Vertilation 
mum 
. Voluntary 
subject: | preahing Ambient] Sop Cou) Ambien: 
Capacity Air* in Air * Airt 
(L./min.) | (L./min.) | (L./mra.) | (L./min.) 
A. P. 30.0 8.1 10.4 20.0 
A. Da. 38.0 T3 13.1 17.8 
B. B. 26.0 9.7 11: 21.0 
W. B. 67.0 10.7 14.4 22.6 
A. Y. 27.0 122 10.1 13.7 
A. Da. 32.0 6.9 i= 18.0 
Average 37.0 8.3 I2. 19.0 
* At rest. | 


t During one minute exercise. 


reached the level of ventilation obtained during 
the MBC test. In patient P. G., for instance, 
the MBC was. 17.9 liters per minute, whereas 
Vx during 5 per cent CO breathing was 17.9 
liters per minute. Therefore, in patients with 
emphysema without CO: retention the MBC 
may constitute the limit of increase in Vg during 
CO; breathing; in this group an apparent reduc- 
tion in responsiveness of the respiratory center to 
the CO; stimulus would, in fact, be due to 
restricted function of the chest bellows. 

5. The effect of change in alkali reserve on the 
sensitivity of the respiratory center. In preliminary 
trials with oral administration of large doses 
of ammonium chloride and sodium bicar- 
bonate to normal sabjects it was not possible to 
cause a sustained change in alkali reserve. On 
the other hand, in a prolonged study of the 
effect of daily administration of 500 mg. of the 
carbonic anhydrase inhibitor diamox to seven 
patients with emphysema and CO; retention it 
was possible to assay the role of a reduction in 
alkali reserve upon the ventilatory response to 
inspired CO». The results in five of these seven 
patients have been presented briefly elsewhere. !!^ 
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TABLE VI'/ 
EFFECTS OF BREATHING 5 PER CENT CO; IN AIR ON ARTERIAL BLOOD COMPOSITION AND MINUTE VENTILATION 
FOLLOWING REDUCTION IN THE ALKALI RESERVE (T49), IN SEVEN PATIENTS WITH CHRONIC PULMONARY 
EMPHYSEMA AND COs RETENTION 





Mixture: 
2in Air 


Breathin 


Breathing Mi>ture: 
5% C 


(Ambient Air 

















11/25/53 
12/15/53 
2/10/55 


OCTOBER, 1955 


Subject 7, A. De. 


Os Ut Ut Ut (ON CON 
Qn iN M eu) IMS 
WAN ~1 60 bo ha 


- 


Tio : : ee 
Date Therapy (vol. %) Arterial Blcod Arterial Blood VE(2) — Vzx(1) x 100 
Vg(1) Vg(2) Vx) 
Poo: : (L./min.) Paoa : (L./min.) 
(mm. Hg) | (sat. 95) (mm. Hg) | (sat. %) 
subject 7, A. P. 
11/19/52 Control 61 50 83 8.12 52 90 10.40 él 
11/26/52 Control 56 56 84 7.11 60 91 11.50 56 
12/3/52 Diamox 48 47 83 8.40 58 89 9.94 48 
12/11/52 Diamox 48 53 90 6.97 61 89 8.86 49 
12/29/52 Diamox 52 43 87 9.08 56 89 11.20 52 
1/22/53 Diamox 48 46 91 8.27 56 97 10.60 48 
2/9/53 Diamox 49 40 96 9.22 50 97 13.70 49 
3/11/53 Diamox 49 43 94 9.96 50 100 13.50 49 
4/29/53 Diamox 43 43 91 8.15 54 95 12.00 43 
9/15/53 Diamox 47 43 81 8.35 52 90 11.00 47 
11/17/53 Diamox 45 45 87 8.60 54 100 12.70 45 
1/13/54 Control 55 54 73 9.95 61 92 13.80 55 
l ee E rs» O OE TS EM aa 2, A. W. 
12/22/52 Control 60 54 88 11.50 60 91 19.60 70 
12/24/52 Control «d T ie 11.70 aie ixl 15.70 34 
12/31/52 Diamox 53 45 87 10.50 56 92 16.30 55 
1/15/53 Diamox 53 48 88 11.00 60 94 16.10 46 
1/21/53 Diamox 50 48 ^ 87 12.10 59 94 17.60 46 
2/19/53 Diamox 52 57 84 9.38 64 94 13.80 47 
3/5/53 Diamox 52 46 87 11.60 52 97 14.80 28 
3/9/53 Diamox 50 47 88 12,20 56 93 16,00 31 
4/27/53 Diamox 49 43 93 12.70 52 94 17.00 34 
10/6/53 Diamox 52 54 87 9.57 63 94 13.50 41 
Subject 3, A. Y. 
1/7/53 Control 56 66 74 .25 70 84 10.10 40 
2/19/53 Control 57 54 60 6.54 T 2 9.05 38 
6/17/53 Diamox 48 48 84 6.70 57 95 9.72 45 
11/24/53 Diamox 48 55 78 5.19 79 85 8.20 57 
12/16/53 Diamox 47 51 85 6.12 59 94 8.39 37 
1/31/55 Diamox 49 53 80 5.75 60 88 7.30 27 
Subject 4, P. M. 
3/27/53 Control 59 54 68 11.30 sy XL 16.90 50 
4/8/53 Diamox 52 56 77 11.50 60 93 14.30 25 
5/8/53 Diamox 49 43 T4 12.20 53 85 17.60 44 
5/18/53 Diamox rè s 11.40 A NE: 17.40 53 
Subject 5, B. B. 
11/2/53 Control . 83 52 88 9.74 64 97 17.30 77 
1/19/54 Diamox 46 47 89 9.20 58 95 15.60 69 
2/11/55 Diamox 41 39 93 8.97 50 98 10.97 22 
Subject 6, W. B. 
1/26/53 Control 59 58 86 10.70 62 92 14.40 35 
2/4/53 Control 55 50 87 11.70 58 94 13.30 12 
2/20/53 Diamox 48 50 90 10.00 58 96 14.50 45 
3/16/53 Diamox 47 46 91 12.40 50 95 19.00 53 
4/8/53 Diamox 47 47 94 9.10 60 99 16.70 83 
5/27/53 Diamox 48 45 94 8.12 54 97 14.10 74 
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Serial measurements presented in Table vı for 
these seven patients indicate that taere was, in 
all instances, a sustained reducticn in alkali 
reserve to normal or nearly normal levels; there 
was also a less consistent reductior in arterial 
blood Poo, and a variable increasc in arterial 
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year prior to diamox therapy. It is clear that 


' arterial blood Pco, and Tso decreased during 


treatment with diamox. However, levels of the 
Poo, in arterial lood fluctuated somewhat 
during treatment. It is therefore pertinent to 
note that the arterial blood samples were drawn 
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Fic. 6. Chart of the effect of diamox therapy upon the arterial blood alkali reserve, GO, tension and oxyhemoglobin 
saturation in seven patients with pulmonzry emphysema and CO, retention. In the control box the range of varia- 
tion during the year preceding diamox therapy is indicated by broken lines ccnnecting the separate symbols 


designating each patient. 


blood oxyhemoglobin saturation. Statistical 
analysis of the data collected prior to and during 
diamox therapy in this small group of patients 
showed (1) a decrease in mean arterial blood 
Tao from 57 vol. per cent (S.D. + 2.8 vol. per 
cent) during the control period to 19 vol per 
cent (S.D. + 2.8 vol. per cent) during treatment, 
(2) a decrease in mean arterial blood Pco, from 
55 mm. Hg (S.D. + 4.4 mm. Hg) to 48 mm. Hg 
(S.D. + 5.1 mm. Hg) and (3) an increase in 
mean arterial blood oxyhemoglobin saturation 
from 80 per cent (S.D. + 9.3 pe cent) to 
87 per cent (S.D. + 5.1 per cent) All these 
differences are statistically sign-ficant for 
P < 01. 

In Figure 6 are plotted the -onsecutive 
changes in the alkali reserve (T4), arterial 
blood Peco, and oxyhemoglobin satu-ation dur- 
ing the first year of diamox therapy. In this 


illustration the data of Table vi nave been - 
supplemented by inclusion of the range of: 


arterial blood values for each patient during the 


for analysis at varying time intervals after the 
daily dose of diamox, although usually they 
were drawn twenty-four hours later. Conse- 
quently it is to be anticipated that blood samples 
drawn within a few hours after ingestion of 
diamox and at the neight of metabolic acidosis 
would have the highest Peo,; conversely, blood 
samples drawn twenty-four hours after a given 
dose of diamox, when arterial blood pH had 
returned virtually to normal levels, would have 
the lowest Poco, The fluctuations in arterial 
blood Pco, which have been observed by 
others!!^!!4 when the drug was given in divided 
doses, may therefore in fact be due to the sam- 
pling of blood at a tirne when the acute metabolic 
acidosis caused by diamox is still at its height. 
Despite these qualifications, the trend to reduc- 
tion in arterial blood Poo, is unmistakable. 

In five of the seven patients the increase in 
Vg while breathing 5 per cent CO, in air 
remained during d:amox therapy within the 


pretreatment range. In only two of the patients 
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was the increase in Vg somewhat greater during 
diamox therapy than before. However, even ir 
these two patients the increase in Vg remainec 
substantially less than in either the contro. 
subjects or the patients with emphysema withou: 
CO; retention. A diagram illustrating the trenc 
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management of CO; retention occurring in the 
course of chronic pulmonary emphysema. 
I. Factors Regulating Ventilation 


The generally accepted concept of the func- 
tion of the normal respiratory center portrays a 
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Fic. 7. Schematic representation of the influence of tke arterial blood Pco, and alkali reserve upon the ventilatory 
response in patient A. P. before, during and afzer diamox therapy. Solid block represents the minute ventilation 
while breathing ambient air; open block represents zhe minute ventilation while breathing 5 per cent CO in air; 
data obtained during diamox therapy are within the two broken vertical lines. 


of changes usually observed during the prc- 
longed periods of observation is presented fcr 
patient A. P. in Figure 7. 

A statistical analysis of the increments in Vz 
while breathing the 5 per cent CO» mixture ia 
these seven patients indicates a mean increase cf 
46 per cent (S.D. + 20.2 per cent) prior to 
diamox therapy and 48 per cent (S.D. + 15.3 
per cent) during treatment. The difference 
between these values is not statistically signif- 
cant for P « .1. 


COMMENTS 


The results of these studies may be considered 
from two points of view: (1) their contribution 
to the understanding of the factors involved ia 
the regulation of ventilation and (2) ther 
application to the development of a rationel 
therapeutic program for the preventior. . and 
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stream of stimuli from diverse sources converg- 
ing upon this center to be integrated into the 
efferent motor responses which constitute the 
normal ventilatory drive. These stimuli arise 
primarily (1) from the variations of carbon 
dioxide tension (Paco.) or pH in the arterial 
blood acting directly upon the respiratory 
center, (2) from the variations of the oxygen 
tension in the arterial blood (Pao,) acting upon 
the chemoreceptors in the aortic and carotid 
bodies, (3) from the stretching of strategically 
located proprioceptors in the chest cage, the 
respiratory muscles, the lungs and the limbs and 


(4) from higher centers such as the cerebral 


cortex. In the normal resting subject an increase 
in arterial blood Poo, is the prime stimulus for 
augmentation of ventilation; by way of contrast, 
among patients with chronic pulmonary emphy- 
sema included in the present study is a group in 
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whom responsivesness to this stmulus is di- 
minished. This study therefore mazes possible an 
evaluation of other respiratory stimuli which 
are usually considered to play lesser roles in the 
regulation of ventilation. 

A. Increase in Arterial Blood CO Tension 
(Paco). It is beyond the scope o7 this paper to 
define the arterial blood Pco, stimclus as distinct 
from arterial or intracellular hydrogen ion con- 
centration. However, under the conditions of 
these experiments the Paco, must -eflect, even if 
it does not quantitatively measure, the stimulus 
applied to specialized receptors in zhe cells of the 
respiratory center. 

In the group of patients with. chronic pul- 
monary emphysema and CO; -etention, the 
sluggish response of the respirator- center to the 
Paco: stimulus can be recognized by the slight 
increase in ventilation attending the artificial 
increase in Paco, and by a resting minute 
ventilation, while breathing ambiznt air, which 
was lower than in the group of ‘patients with 
emphysema without CO, retenticn. Indeed, in 
the group with CO; retention. the minute 

ventilation while breathing ambient air is least 
in those patients in whom th= ventilatory 
response to inspired C; is most d. minished. 

The mechanisms underlying the diminished 
sensitivity of the respiratory certer have not 
been uncovered by the present stt dy; however, 
among the possible factors investigated three 
warrant further consideration: (f) Damage to 
the respiratory center during a period of par- 
ticularly marked acute hypoxemi1. Such acute 
episodes are often encountered in the course of 
the disease. It has been demonstra-ed in this and 
in other studies’ that chronic hypoxemia, such 
as occurs in congenital heart disease, does not 
impair the ventilatory response to inspired COs. 
However, since nervous tissue i. particularly 
susceptible to injury by severe hypoxemia, the 
possibility remains that acute episodes of 
bronchitis and bronchopneumonia may reduce 
arterial blood Po, to levels capable of causing 
permanent damage tó some specialized cells of 
the respiratory center. (2) Prolenged hyper- 
carbia. The extended stay of norn-al subjects in 
an environment enriched with CO; is known 
to impair the sensitivity of the respiratory center 
to the CO; stimulus!? but sensitiv-ty is restored 
after withdrawal from.this noxious environment. 
However, since experiments in ncrmal subjects 
have been concerned with exposu-e to ambient 
CO limited to a few. days, it carmot be stated 
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whether or not more prolonged exposure would 
cause irreversible damage to the respiratory 
center. (3) Increase in alkali reserve. The level 
of the alkali reserve, as adjusted by the kidney 
and the body tissues in compensation for per- 
sistent alteration in arterial blood Poo, may 
condition the ventilatory response to the CO»; 
stimulus. Thus chronic reduction in alkali 
reserve, such as follows hyperventilation at 
altitude, is associated with an augmented 
sensitivity to P409,:1*!5 Furthermore, perfusion 
experiments in animals indicate that changes 
in the carbonic acid-bicarbonate ratio of 
cerebrospinal fluid may alter the ventilatory 
response.? Observations such as these constitute 
a basis for the suggestion that the impaired 
ventilatory resporse to inspired CO; in patients 
with pulmonary emphysema and carbon dioxide 
retention may be due to increase in alkali 
reserve.* Howeve-, in the present study reduc- 
tion in alkali reserve resulting from long-term 
administration of the carbonic anhydrase in- 
hibitor sulfacetamide (diamox) failed to demon- 
strate any consistent restoration of sensitivity 
of the respiratory center to inspired CO». The 
irreversibility of this depressed state will be 
discussed in greater detail subsequently. 

B. Decrease in Arterial Blood Os Tension (Pao). 
In normal subjec-zs a decrease in arterial blood 
Os tension accomplished by reducing the O; 
content of inspired gas results in only a slight 
increase in minute ventilation (Vg). The present 
study explored the possibility that, in the face of 
a reduction in the effectiveness of arterial blood 
Pco, as a ventilatory stimulus, a heightened 
sensitivity to a decrease in Pao, might exist; no 
evidence could, however, be adduced to sup- 
port this premise. Indeed, patients with pul- 
monary emphysema and CO; retention respond 
as do normal subjects, since they experience 
little change in Vg in response to either ag- 
gravation of hypoxemia or restoration of Pao, to 
within physiologic range. However, as antici- 
pated from earlier studies,!?" a considerable 
increase in P,o, and therefore of ©» dissolved in 
plasma, such as occurs during breathing of 100 
per cent Os, elicits a marked decrease in Vy. 

In brief, within the range of variations in 
arterial blood Po, observed during ambient air 
breathing by botk normal subjects and patients 
with pulmonary emphysema, the hypoxic 
stimulus appears to contribute little to the total 
ventilatory drive. 

C. ‘Proprioceptors in the Chest, Respiratory Muscles 
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and Lungs. A striking difference exists between 
the minute ventilation of patients with caron:c 
pulmonary emphysema and CO, retention on 
the one hand and patients with diffuse pu- 
monary disease presenting the syndrome of 
alveolar-capillary block!® on the other. In the 
latter group hyperventilation is considerable zt 
rest, even though arterial hypoxemia may be 
absent and despite the presence of normal cr 
reduced Paco, The initiation of this hyper- 
ventilation in the absence of adequate chemiczl 
stimuli has been ascribed to an excess of szretch 
stimuli initiated by the diffuse pulmonarz 
disease; its persistence may then be due to an 
increase sensitivity of the respiratory cenrer to 
arterial blood Peo, brought about by the reduc- 
tion in alkali reserve which occurs as renal 
compensation for persistent hyperventilation. 
In sharp contrast, hyperventilation may no: 
occur in patients with pulmonary emphysema 
and CO; retention as the disease progresses 
despite arterial hypoxemia and increased Paco: 
Obviously, proprioceptive reflexes arising from 
chest, respiratory muscles and lungs do noi 
compensate for the diminished effectiveness of 
the arterial blood Peo, stimulus. 

D. Proprioceptors in Limbs. It is well estab- 
lished that in normal subjects the increase in 
minute ventilation (Vg) during exercise cannot 
be accounted for by the summation of krown 
chemical stimuli.!?? The present study con- 
firms the concept that during exercise there is a 
dissociation between limb stimuli and known 
chemical stimuli, since patients poorly responsive 
to an increase in arterial blood Pco, had, nonethe- 
less, a marked increase in Vgduring either a short 
standard exercise or a mild steady state exercise. 


II. The Prevention and Control of CO» Retention 


A. Noxious Effects of CO, Retention. The 
noxious influence of CO; retention on the evolu- 
tion of chronic pulmonary emphysema mav be 
considered under three headings: (1) physical, 
that is, the reciprocal effect on alveolar Os 
tension of an elevation of alveolar CO; tension; 
(2) physiologic, that is, the irreversible reduc- 
tion in responsiveness of the respiratory center to 
one of its most potent stimuli and the renal 
compensation for respiratory acidosis, and 
(3) pharmacologic, that is, the action of 
increased CO; tension as a depressant of 
physiologic and mental processes, which oc- 
casionally progresses to the stage of narcosis and 
death. l 
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1. Physical: Yt has been recently suggested?! 
that the development of CO: retention during 
the course of chronic pulmonary emphysema 
might operate as a compensatory mechanism, 
teleologically directed at reducing the O% cost 
of ventilation, thereby increasing the amount of 
Os available for non-ventilatory work. Although 
this concert is intriguing in principle, it should 
be borne in mind that an elevation in alveolar 
Poo, while breathing CO:-free air would, per se, 
cause a recuction in alveolar and arterial Po,, 
thereby requiring a series of compensating 
circulatory and tissue mechanisms in order to 
ensure adecuate O» transport and utilization. 

2. Physiowgic: From these studies emerges the 
essential finding that the adverse physiologic 
effect of CO» retention upon the respiratory 
center, once established, is generally not 
reversible. A similar conclusion had previously 
been reached by indirect estimates of blood gas 
composition and shorter periods of clinical 
observation.® As a consequence, the automatic 
and adequate augmentation of alveolar ventila- 
tion, a prime compensatory mechanism for the 
disturbed alveolar ventilation-perfusion relation- 
ships which characterize pulmonary emphysema, 
js denied to the patient with this disease. How- 
ever, the :mpaired ventilatory response to 
arterial blood Poo, is not the only factor limiting 
alveolar ventilation. (V4); in planning an 
adequate therapeutic program it is obviously 
necessary to distinguish between a limitation in 
Va due to this mechanism and that due to 
mechanical restriction of the chest bellows. 

At this point it is perhaps worthwhile to stress 
that the problem of restoring the CO; content as 
well as the >artial pressure of CO; to normal 
limits in thess patients is of considerable magni- 
tude. This difficulty stems from two facts: (1) 
The body tissue fluid supplements the circulat- 
ing blood in constituting an enormous reservoir 
for COs, and (2) the regulation of the CO; con- 
tent of this reservoir depends not only upon the 
lungs but also upon the action of the kidneys in 
controlling the reabsorption of bicarbonate and 
associated cazions and the availability of tissue 
buffer base.*: The interrelation between lung 
and kidney is emphasized in the demonstration 
that a high P,co, such as may result from inade- 
quate alveolar ventilation, is an essential 
stimulus lead_ng to augmentation of the alkali 
reserve by the kidney.?#~-*4 The mechanism 
whereby the zlkali reserve may be reduced dur- 
ing diamox therapy is quite clear; however, the 
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means by which arterial blood 2co, is con- 
comitantly reduced is not as rezdily demon- 
-strable. The most likely cause-of recuction in the 
arterial blood Poo, and of increa e in arterial 
blood oxyhemoglobin saturation is an improve- 


ment in alveolar ventilation. This mechanism : 


has been predicated by others.!!*!'^ However, in 
the present study calculations of V 4 from the O,» 
uptake, respiratory exchange ratic and arterial 
blood Peo, before and after diamex therapy do 
not reveal a consistent increase. However, 
this result may be misleading since, according 
to the calculations employed, a d»op in arterial 
blood Pco, of 5 mm. Hg (about t vice the error 
of the technic) would result in zn increase in 
calculated Va of only approximately 10 per 
cent. Therefore it is possible that increases in 
Va, undetectable at the time of study, may have 
occurred. The mechanism whereby such an 
increase in V4 would be accomp3shed remains 
obscure, since it has not been poss ble to demon- 
strate increased responsiveness of -he respiratory 
center to the CO; stimulus. 

3. Pharmacologic: The observamons of many 
investigators have established taat acute ex- 
posure of normal subjects to increased CO; 
tensions may result in progressive depression of 
the central nervous system to the point of 
anesthesia. There are, furthermcre, well docu- 
mented observations which indicate that treat- 
ment of patients with pulmona-y emphysema 
and CO; retention with high coacentrations of 
O» in inspired gas may be followed by mental 
depression, somnolence and even coma. This 
sequence of events is generally ascribed to a 
diminution in alveolar ventilation and an in- 
crease in CO: retention incidenta_ to suppression 
of the hypoxic stimulus. Less em»hasis has been 
placed upon the clinical observation that the 
untreated patient with pulmonary emphysema 
and CO, retention is generally drowsy, apathetic 
and mentally sluggish. The relat on of this state 
to chronic CO; retention is emohasized in the 
present study wherein a decrease in arterial 
blood Poo, and alkali reserve following pro- 
longed diamox therapy has been shown to 
restore the mental alertness and vitality of these 
patients. Similar observations have been made 
by others during briefer periods of treatment 
with diamox.?* 

B. Methods for Prevention and Control of CO» 
Retention. ‘Turning now to the therapeutic 
unplications of these studies, two methods are 
currently available for the prevention and con- 
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trol of CO; retention, namely, the improvement 
of alveolar ventilation (V4), and the promotion 
of elimination of bicarbonate by the kidney. 

1. Improvement of alveolar ventilation (V 4): There 
are many ways tc improve Va. These include 
breathing exercises, bronchodilators, reduction 
in pulmonarv blood volume and substitution 
of mechanical for spontaneous regulation of 
ventilation. 

2. Promotion of bicarbonate excretion by the kidney: 
The best method currently available is the use of 
carbonic anhydrzse inhibitors which promote 
the excretion of bicarbonate and bicarbonate- 
bound base by the kidney, apparently by inter- 
fering with the hvdrogen ion exchange mecha- 
nism for sodium.?^?? These may also have some 
influence on CO, excretion but, although the 
amount of carbonic acid which may be excreted 
in the urine after diamox therapy is not estab- 
lished, it is probably insignificant. An additional 
effect of these inhibitors entails their role as 
weak diuretic agents which may indirectly 
augment V4 by decreasing the volume of blood 
in.the lungs. 

C. Clinical App-ications of These Methods. The 
specific indications for the application of each 
of these methods depend upon the stage of the 
disease. From the point of view of therapy of CO» 
retention, patients with chronic pulmonary 
emphysema may be divided into three groups: 
(1) patients without CO» retention at rest or 
during activity, (2) patients with a tendency to 
CO» retention zt rest or during exercise and 
(3) patients with chronic CO; retention. In all 
three groups acute bronchitis or pulmonary 
infection may precipitate or aggravate a state of 
respiratory acidcsis. However, in the absence of 
acute respiratory infection the following general 
principles concerning the use of mechanical 
hyperventilators and diamox apply: (1) In the 
first group, mechanical hyperventilation and the 
use of diamox are not specifically indicated. 
(2) In the second group, attention should be 
directed toward the prevention of CO» retention. 
The use of mechanical ventilators for brief 
periods each day will promote the excretion of 
CO In addition, patients addicted to Os 
therapy may fird an adequate substitute in the 
increased alveolar O, tension provided by 
mechanical hyperventilation. The usefulness of 
diamox in these patients is not established. 
(3) In the third group, mechanical hyperventil- 
ation and diamox are indicated in an attempt to 
deplete CO» stores. In our experience with 
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patients of this group, previously studied over 
long periods of time, diamox has emerged as a 
valuable adjuvant to therapy. However, once 
initiated, its administration in one dose of 0.5 gra. 
per day has been continued indefinitely. Proa- 
longed administration of diamox, with -eturn 
of arterial blood Peo, and the alkali reserve 
toward normal, may occasionally obviate tke 
need for mechanical hyperventilation. 

Classification of a given patient according to 
the three groups indicated is based upon analys.s 
of arterial blood for pH, total CO», Paco: and 
alkali reserve, and responsiveness of the respira- 
tory center to increase in Pco,in inspired gas. It -s 
apparent that the most reliable guide to ade- 
quacy of any form of treatment is sequential 
analysis of arterial blood. 

The distinction. of these three groups of 
patients with chronic pulmonary emphysema 
may be obscured in acute bronchitis or broncho- 
pneumonia which will bring about or aggravare 
elevation in arterial blood Pco,. However, a 
considerable elevation in the level of arterial 
blood Peo, and of alkali reserve in a patient who 
has not received Oy» therapy, a considerab.e 
degree of polycythemia or the preserce of 
congestive heart failure suggest that the patient 
belongs to the third group of patients with 
chronic CO; retention rather than to the other 
two groups of patients with acute CO; retention. 
In any event the demonstration of respiratory 
acidosis by analysis of arterial blood demands 
the prompt institution of mechanical hype-- 
ventilation and diamox therapy to supplement 
the customary treatment with antibiotics, 
bronchodilators and, if need be, the soecifc 
measures for heart failure of the right sid». 
Adequate mechanical hyperventilation is pa-- 
ticularly essential if Os therapy is required to 
relieve severe arterial hypoxemia. It should be 
emphasized that occasional failure of diamcx 
therapy is to be anticipated in patients with 
protracted and severe CO; retention ard 
hypoxia! if other therapeutic measures, pa-- 
ticularly. mechanical hyperventilation and Qs 
therapy, are not instituted promptly, con- 
comitantly and effectively. The value of diamcx 
may be increased in the presence of congestive 
heart failure because of its mild diuretic action; 
in the patients with chronic pulmonary emph-- 
sema and CO; retention diamox therapy, apart 
from its diuretic action, facilitates clearing of the 
sensorium and reduces the hazard of CQ; 
narcosis. 
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SUMMARY 


1. The studies reported in this paper confirm 
the well documented observation that some 
patients with. chronic pulmonary emphysema 
manifest ar. abnormally small increase in minute 
ventilation when CO; is added to inspired air. 
This dimirished ventilatory response, despite a 
considerab.e increase in arterial Poco, is char- 
acteristic cf patients with chronic pulmonary 
emphysema who also have chronic CO, 
retention. 

2. The mechanism underlying the abnormal 
ventilatory response in tbese patients appears to 
be a selective depression of the respiratory center 
to the stimulus of tncreased arterial blood Poo, 
and/or hydrogen ion concentration, since 
responsiveness to other stimuli such as éxercise is 
well maintained. Restriction in the ventilatory 
capacity of the chest bellows is not the limiting 
factor to increase in minute ventilation during 
CO, breathing in patients with emphysema and 
CO; retention; by way of contrast, this restric- 
tion may suffice to limit the ventilatory response 
to the CO, stimulus in some patients with 
emphysema but without CO: retention. 

3. The poor ventilatory response to the CO; 
stimulus is generally not reversible in patients 
with CO; retention of long duration even though 
the arterial blood Poco, and alkali reserve may be 
restored toward normal levels as a result of 
prolonged administration of the carbonic anhy- 
drase inhibitor, diamox. 

4. In acdition to its action in decreasing the 
alkali reserve, diamox also reduces the arterial 
blood Pco. The mechanism of this action is not 
established. 

5. The relief or aggravation of hypoxemia 
within the physiologic range has little effect on 
the ventilatory response to inspired CO; in pa- 
tients with emphysema and CO; retention. This 
suggests that the hypoxic stimulus is rather 
weak; however, as is well known, breathing 
pure Os consistently depresses the ventilatory 
response. The contrast between these observa- 
tions empkasizes the importance of distinguish- 
ing between the physiologic and pharmacologic 
levels of Oz tension in the blood. 

6. The therapeutic implications of these 
observations, in patients with chronic pulmonary 
emphysema, are threefold. First, a distinction 
must be made between the effect of reduced 
ventilatory drive, and considerable restriction in 
ventilatory capacity in limiting minute ventila- 


eB 


tion. Second, attention must be fozused on the 
means for prevention and prompt -elief of CO; 
retention. The role of diamox and cf mechanical 
hyperventilation in the various sages of the 
disease has been described in this connection. 
Finally, by mobilizing large stores of CO» from 
the body, continuous diamox therary in patients 
with prolonged „CO2 retention -nay restore 
mental alertness and a sense of well-being and 
diminish the threat of CO; narcosis. 
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Pulmonary Arteriovenous Fistula 


Angiocardiographic Observations in Nine Cases 
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genital hemangiomatous malformations of 

the pulmonary vascular bed. Recognition 
of the anomaly during life has been enhanced by 
the increased use of chest x-ray surveys, body sec- 
tion roentgenography, angiocardiography and 
safe exploratory thoracotomy. Sloan and Cooley! 
in 1953 reviewed eighty-five cases reported in 
the literature and added nine cases. In the short 
time since this review a total of over 150 cases?—!° 
has been reported. The first clinical diagnosis 
of a pulmonary arteriovenous fistula was made 
in 1939 by Smith and Horton,!! and the first 
successful surgical treatment was reported by 
Hepburn and Dauphiner"? and performed by 
Shenstone and Janes!? in 1942. 

Pulmonary arteriovenous fistula rather than 
pulmonary arteriovenous aneurysm is the pre- 
ferred name of the malformation and has be- 
come widely accepted. It calls to mind the 
characteristic features of the condition: afferent 
arterial and efferent venous connections. Fur- 
thermore, the term aneurysm usually refers to 
sac-like formations of dilated arterial vessels and 
does not take into account the venous dp 
of the condition. 

The diagnosis of pulmonary arteriovenous 
fistula formerly depended upon clinical findings 
such as cyanosis and clubbing of the fingers and 
toes, polycythemia and a murmur over a pul- 
monary lesion.!!~®? Later it was recognized that 
many patients with this clinical syndrome had 
associated cutaneous and mucosal hemangiomas 
and telangiectasis, and the hereditary nature of 
pulmonary arteriovenous fistulas and its rela- 
tionship to Rendu-Osler-Weber's disease (hered- 
itary capillary telangiectasis) became appar- 
ent.15—?* Finally, with more experience came the 
realization that all the classical clinical features 
may be absent except for the roentgen find- 


Dess arteriovenous fistulas are con- 


ings.23-25 Once suspicion of a pulmonary 
arteriovenous fistula is aroused, confirmation by 
fluoroscopy, laminography and angiocardiog- 
raphy will establish the diagnosis. It is generally 
agreed that- angiocardiography provides the 
definitive diagnosis. For this reason the role 
that angiocardiography played in the diagnosis 
of nine cases of pulmonary arteriovenous fistulas 
(two of which were pieeo reported)?’ is 
herein reviewed. 


CASE REPORTS 


Case 1. (Pulmonary arteriovenous fistula, 
posterior basilar segment, right lower lobe, 
associated with epistaxis, hemangioma of tongue 
and brain abscess). A thirty-nine year old house- 
wife (New York Hosp., No. 596001) was ad- 
mitted on March 22, 1950, because of right- 
sided convulsions and aphasia of three days’ 
duration. There was a history of recurrent 
nosebleeds since childhood. On physical exam- 
ination she was well developed and nourished 
but drowsy and aphasic with signs of right 
hemiplegia. A 6 mm. hemangioma was noted 
at the tip of the tongue. A harsh systolic murmur 
was heard at the base of the right lung which 
increased in intensity after deep inspiration. 
There was no clubbing or cyanosis of the fingers 
and toes. 

Cerebral angiography and pneumoencepha- 
lography were normal but a left craniotomy dis- 
closed a left parietal lobe abscess. The convul- 
sions ceased but left hemiplegia and aphasia 
persisted. There were frequent nosebleeds dur- 
ing hospitalization. Chest x-rays (Fig. 1A and 
B) showed a heart of normal size and a rounded 
mass at the right base which had afferent and 
efferent vascular connections. Angiocardiog- 
raphy (Fig. 1C) confirmed the presence of an 


* From the Departments of Radiology and Medicine, The New York Hospital-Cornell Medical Center, New York, N. Y. 
Aided by a grant from the Mallinckrodt Chemical Works. 
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arteriovenous fistula in the posterior basilar 
segment of the right lower lobe. 

The electrocardiogram was normal. On a 
return visit, July 22, 1954, examination dis- 
closed persistence of the hemiplegia and aphasia 
but the patient was able to take care of her 
household chores. Her poor general condition 
precluded resection of the pulmonary arterio- 
venous fistula. ‘Table 1 summarizes the findings. 

CasE m. (Pulmonary arterievenous fistula, 
medial basilar segment, right lower lobe, asso- 


Fic. 1. Case 1. Pulmonary arteriovenous fistula, posterior 
basilar segment, right lower lobe complicated by brain 
abscess. A, conventional frontal roentgenogram showing a 
large single rounded density behind right diaphragm (ar- 
rows). Afferent (arrow) pulmonary arterial branch and 
efferent (arrow) venous communication readily discerned. 
B, right lateral conventional roentgenogram clearly reveals 
pulmonary arteriovenous fistula with characteristic affer- 
ent (arrow) and efferent communications. C, frontal serial 
angiocardiogram at four seconds after the beginning of 
injection shows the opacified arteriovenous fistula with its 
efferent communication proceeding towards the left hilum. 


ciated with rheumatic heart disease and hyper- 
tension.) A sixty-five year old housewife (New 
York Hosp., No. 319819) was first admitted in 
1946 because of blurred vision. A middle fossa 
meningioma was found, and removal of the 
tumor resulted in improvement of vision. During 
her stay evidences of mitral stenosis and insuffi- 
ciency were elicited. In 1947 she returned be- 
cause of epigastric cramps. Urologic study at 
that time disclosed cysts of the right kidney, 
which were removed. Chest x-ray (Fig. 2A) 
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2B 2C 


"iG. 2. Case u. Pulmonary arteriovenous fistula, medial basilar segment, right lower lobe in a patient with rheumatic 
1eart disease (mitral stenosis). A, conventional frontal roentgenogram showing a nest of small nodular densities 
ust above the right diaphragm. The heart, pulmonary artery and branches are enlarged. B, serial frontal angiocardio- 
xram at five seconds shows a large pulmonary artery and branches. A large segmental pulmonary artery from the right 
descending branch of the pulmonary artery proceeds to the right lower lobe connecting with a coiled series of rounded 
densities (arteriovenous fistula) which in turn empty via an efferent vessel into the left atrium. C, left lateral angio- 
:ardiogram at three seconds shows the opacified main stem pulmonary artery and branches with an afferent basilar 
segmental division connecting the circinate arteriovenous fistula. 
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3B 3C 


Fic. 3. Case m1. Left lower lobe arteriovenous fistula in a thirty-one year old woman with cyanosis, polycythemia and 
clubbed fingers. A, conventional frontal roentgenogram showing linear hazy infiltrate-like density at left base. B, 
frontal angiocardiogram at two and one-half seconds showing the arteriovenous fistula. C, left lateral angiocardio- 
gram at two and one-half seconds again demonstrating the left lobar arteriovenous fistula.5* 


AMERICAN JOURNAL OF MEDICINE 


Pulmonary 





4B 


4C 
Fis. 4. Case iv. Anterior segment left upper lobe arteriovenous fistula in an asymptomatic sibling. A, conventional 
frontal roentgenogram reveals an “‘infiltrate’’ (arrow) left hilar region. B. frontal angiocardiogram at two and one- 
half seconds shows the arteriovenous fistula (arrow). C, left lateral angiecardiogram at two and one-half seconds 
localizes the arteriovenous fistula (arrow) in the anterior segment of the left upper lobe.?? 
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Fic. 5. Case v. Apical segment right lower lobe arteriovenous fistula in an asymptomatic sibling. A, frontal con- 
ventional roentgenogram reveals two tiny rounded densities (arrow) in outer portion right mid-lung field. B, frontal 
angiocardiogram at two and one-half seconds reveals the arteriovenous fistula with its opacified vascular connections. 
C, left lateral serial angiocardiogram shows the fistula in the apical segment of the right lower lobe. 
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revealed nodular densities at the right base. 
The heart was enlarged, especially the right 
ventricle, pulmonary artery segment and left 
atrium. The blood pressure in 1946 was normal 
but in 1947 it had increased to 220/110. 

In 1949 cholelithiasis with obstructive jaun- 
dice developed which necessitated cholecyst- 
and choledocholithotomy. Auricular 
flutter appeared prior to operation and was con- 
verted by digitalization to fibrillation. The post- 
operative period was stormy but the patient 
improved and was discharged. Subsequently 
she was seen periodically in the out-patient 
department. Early in 1951 central retinal artery 
thrombosis developed and she was readmitted to 
the hospital. This time the findings at the right 
base were suspected to be due to pulmonary 
arteriovenous fistula; however, no bruit was 
heard and clubbing and cvanosis of fingers and 
toes were not present. Angiocardiographv (Fig. 
2B and C) was performed and an arteriovenous 
fistula of the anterior basilar segment of the 
right lower lobe was demonstrated. 

The electrocardiogram showed right axis 
deviation; the rhythm varied between auricular 
flutter and fibrillation. The patient was last 
seen on June 24, 1954. She was totally blind, but 
polycythemia, clubbing and cyanosis of the 
fingers had not developed. Because of her poor 
general health and the asymptomatic character 
of the pulmonary arteriovenous fistula, opera- 
tion was not advised. (Table 1.) 

Case m. (Pulmonary arteriovenous fistula 
of the left lower lobe associated with poly- 
cythemia, cyanosis and clubbing of fingers and 
toes.) A thirty-one year old housewife (New 
York Hosp., No. 322967) had a routine prenatal 
chest film (Fig. 3A) at a New York City Health 
Department Chest Clinic, which disclosed an 
abnormal shadow at the left base. Following 
delivery dyspnea developed, and clubbing and 
cyanosis of the fingers and toes were noted. ^ 
bronchogram showed no evidence of bron- 
chiectasis. Subsequently a vascular bruit was 
heard at the left base and the patient was 
referred for angiocardiographv. On 
cardiography a left lower lobe arteriovenous 
fistula was demonstrated (Fig. 3B and C) and 
she entered the hospital for operation. 

On admission April 19, 1950, the patient 
was found to be well developed but poorly 
nourished and chronically ill. Her heart was not 
enlarged; a blowing systolic murmur was heard 
at the pulmonic area. In the lower posterior 
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angio- 
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Fic. 5D. Case v. Apical segment right lower lobe 
arteriovenous fistula in an asymptomatic sibling; low 
melting alloy cast of specimen, A, afferent artery and 
V. efferent vein.?5 


area of the left lung, in the mid-axillary line, a 
loud bruit with systolic and diastolic compo- 
nents was heard. The murmur decreased after 
deep inspiration and disappeared after the 
Valsalva maneuver. The blood pressure was 
105/75. 

An electrocardiogram showed normal sinus 
rhythm at a rate of 72 per minute and no 
deviation of the electrical axis. Fluoroscopic 
examination failed to reveal vascular pulsations 
at the left base, or change in size of the left 
lower vascular tree with respiratory movements. 
Operation was advised but refused: the patient 
went home and has not returned for follow-up 
examination. (Table 1.) 

CasE IV. (Asymptomatic pulmonary arterio- 
venous fistula, anterior segment, left upper lobe, 
in a sibling treated with lobectomy.) A nineteen 
year old typist (New York Hosp., No. 573907), 
previously reported on,” was found to have a 
pulmonary infiltrate (Fig. 4A) in 1950 when 
she applied for working papers. Because of a 
negative tuberculin test she was referred by a 
New York City Department of Health Tuber- 
culosis Clinic for angiocardiography. This 
revealed (Fig. 4B and C) an arteriovenous fistula 
of the anterior segment of the left upper lobe. 
The patient was well developed and nourished, 
asymptomatic, and presented no abnormal 
physical findings. Subsequently a faint vascular 
bruit was heard, especially after deep inspiration, 
over the third left anterior interspace. A left 
upper lobectomy was performed and the patient 
made an uneventful recovery. (Table r.) 


Case v. (Asymptomatic pulmonary arterio- 
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venous fistula, apical segment, right lower lobe, 
in a sibling treated with segmental resection.) A 
twenty-two year old housewife (New York Hosp., 
No. 616053), previously reported on,?* had 
been aware of a right lung infiltrate following 
a chest x-ray survey at the age of fourteen years. 
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the apical segment of the right lower lobe was 
performed. The patient made an uneventful 
recovery. (Table 1.) A low-melting alloy cast of 
the excised specimen (Fig. 5D) showed the 
single afferent artery (4) to be rather straight, 
slightly dilated and the source of a normal 









































TABLE I 
SUMMARY OF FINDINGS IN EIGHT CASES OF PULMONARY ARTERIOVENOUS FISTULAS 
Case, Age, L Lobe or | Associated Brui Hemoglobin — Bias | Heii C O ; d Foll 
M ung Segment Condiisens ruit (gm./100 cc.) ount — omment, Operation an ollow-up 
m./cu./mm.) o) 

1, 39, F R Posterior Epistaxis, heman- 4+- 11.6 to 13.5 5.2 Convulsions ceased after drainage of 
basilar seg- gioma of tongue; brain abscess; hemiplegia persists; 
ment, right left parietal lobe 4 yr. follow-up shows no change in 
lower lobe brain abscess cerebral or chest conditions; poor gen- 

| eral condition precluded excision of 
| fistula 

it, 67, F R Medial seg- Rheumatic heart dis- 0 13.5 to 16.4 4.7 to. 5.6 During 4 yr. follow-up patient has had 
ment, right ease and hyperten- 3 operations (excision of meningioma, 
lower lobe sion nephrectomy and cholecystectomy) ; 

auricular flutter and fibrillation and 
| central retinal artery thrombosis oc- 
| curred but lung lesion remains un- 
changed; operation of lung lesion not 
| | advised 
| | | 

m, 31, F | L Left lower | Dyspnea, poly- + 18. Bor 57 Operation refused; no follow-up 

lobe cythemia, cyanosis, 
| clubbing of fngers | 
| | 

iv, 19, F | L Anterior seg- | Asymptomatic + I2. | 5.4 44 Sibling, remains asymptomatic after 
ment, left | left upper lobectomy 

| upper lobe | | 

v ILE R Apical seg- Asymptomatic -+ 14. | 4.1 42 Sibling, remains asymptomatic after 
ment, right | segmental resection 
lower lobe | 

vi, 54, M R Posterior Subacute thyroiditis 4 14 | 4.7 | 48 Right lower lobectomy because of bron- 
basilar seg- | chial arterial connection of fistula; un- 
ment, right | eventful recovery ensued 

| lower lobe | 

vir, 31, M R Right middle Acute meningoen- + 15. 4.9 Complete recovery from meningoen- 

lobe cephalitis cephalitis after 4 mo. antibiotic and 
chemotherapy; lobectomy, right mid- 
dle lobe, no complications 

vil, 36, M L Lingular seg- | Asymptomatie 4 17 ae Abnormal shadow left lung discovered 
ment, left | on routine chest film; lingulectomy 
upper lobe and uneventful recovery 

ix, 50,F | R Superior seg- , Dyspnea, weak- cT Ms 4.0 35 In spite of classical symptoms and signs 

| ment, right ness, epistaxis, of Rendu-Osler-Weber’s disease and 
upper lobe familial telanziec- associated pulmonary arteriovenous 
L Posterior tasis, cyanosis of fin-| + fistulas, diagnosis only recently made; 
basal seg- ger tips lobectomy left lower lobe; excision of 
ment, left fistula, posterior segment, right upper 
| lower lobe lobe planned 


| | 








(Fig. 5A.) Following the finding of a pulmonary 
arteriovenous fistula in her sister (Case 1v) she 
had an angiocardiographic study (Fig. 5B and 
C) which disclosed an arteriovenous fistula of 
the apical segment of the right lower lobe. She 
was asymptomatic. Physical examination re- 
vealed only a faint systolic murmur at the sixth 
interspace in the right mid-axilla. 

On January 22, 1953, segmental resection of 


number of arterioles. It abruptly entered, 
through three branches, a single tortuous cluster 
of saccules almost 2 cm. in diameter which was 
drained by a single dilated vein (V) soon joined 
by another vein from adjacent lung. 

Case vi. (Asymptomatic pulmonary arterio- 
venous fistula, posterior basilar segment, right 
lower lobe, treated with lobectomy.) A fifty-four 
year old sales manager (New York Hosp., 
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Fic. 6. Case vi. Posterior basilar segment arteriovenous fistula of right lower lobe in a patient with subacute thyroiditis. 
A, conventional frontal roentgenogram reveals a rounded density above the right diaphragm (arrow). B, frontal 
angiocardiogram clearly shows the arteriovenous fistula with its afferent arterial and efferent venous connections. C, 
right anterior oblique angiocardiogram localizes the arteriovenous fistula in the right posterior basilar segment of the 
right lower lobe. 
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Fic. 6D. Case vi. Posterior basilar segment arterio- 
venous fistula of right lower lobe in a patient with 
subacute thyroiditis; low melting alloy cast of the 
fistula. 


No. 678872) was admitted because of thyroid 
swelling which was diagnosed as subacute 
thyroiditis (Quervain’s disease). A routine chest 
x-ray (Fig. 6A) disclosed a rounded nodular 
parenchymal shadow at the right base, closely 
related to the descending branches of the right 
pulmonary artery. At the lower pole of the lesion 
an efferent branch proceeding toward the right 
hilus was seen. Prior to admission this area had 


been interpreted as being due to pulmonary 
metastases or a hamartoma. 

Angiocardiography (Fig. 6B and C) clearly 
established the presence of a pulmonary arterio- 
venous fistula of the posterior basilar segment 
of the right lower lobe. Previously, a vascular 
bruit was heard at the right base. Cyanosis and 
clubbing of the fingers and toes were not present. 
The heart was normal; the blood pressure was 
130/80; the electrocardiogram was also normal. 

At operation on May 26, 1954, three large 
lower lobe pulmonary vessels were seen. A 
ligature placed around the largest (middle 
branch) failed to collapse the pulsating arterio- 
venous fistula. Only after ligation and division of 
the pulmonary arteries and the bronchus of the 
lower lobe with its bronchial arterial blood 
supply (lobectomy) did pulsation of the fistula 
cease. The patient made an uneventful re- 
covery. (Table 1.) 

The excised fistula was injected with low melt- 
ing alloy with some difficulty as its main afferent 
vessel was found only after a long search. (Fig. 
6D.) The artery followed a long, gently curved 
course to the posterior basal segment and then 
proceeded by a single branch into an extremely 
thin-walled sac with filmy septations. A single 
dilated vein drained the sinus. 

Case vi. (Pulmonary arteriovenous fistula, 
right middle lobe, treated with lobectomy; com- 
plicated by acute meningoencephalitis.) A 
thirty-one year old laborer (New York Hosp., 
No. 682240) was referred for angiocardiography 
from the Brooklyn Veterans Administration 
Hospital. The patient became acutely ill in 
November, 1953, with bitemporal headaches, 
episodes of unconsciousness, olfactory hallucina- 
tions and generalized convulsions. Fever, a 
generalized maculopapular rash, nuchal rigidity, 
hyperflexia, increase in spinal fluid cells and 
proteins with a diminished sugar content were 
present. Spinal and blood cultures were sterile. 
Complete recovery occurred after four months 
of intensive treatment with antibiotics and 
chemotherapy. The final diagnosis was acute 
meningoencephalitis. 

While the patient was at the Veterans 
Hospital a grade i systolic murmur was heard 
over the right anterior chest at the fourth 
anterior interspace near the sternum. ‘The 
electrocardiogram was normal. Chest roent- 
genogram (Fig. 7A) disclosed increased vascular- 
ity in the right hilus which on lateral view was 
located in the middle lobe. Angiocardiography 
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Fic. 7. Case vir. Right middle lobe arteriovenous fistula in a patient with. meningoencephalitis. A, conventional 
frontal roentgenogram shows increased vascularity of right hilar vessels. B, frontal angiocardiogram shows arterio- 
venous fistulous malformation. Lateral view (not shown) showed fistula to be in middle lobe. 


(Fig. 7B) established the diagnosis of arterio- 
venous fistula of the right middle lobe. On Mas 
11, 1954, a right middle lobectomy was per- 
formed at the Brooklyn Veterans Administration 
Hospital and the patient made an uneventful 
recovery. (Table 1.) 

A low-melting alloy cast of the fistula showed 
it to occupy most of the medial segment of the 
right middle lobe. It consisted of a rather stubby, 
wide pulmonary artery branching into a plexus 
of intermeshed thin vessels converging into a 
single dilated vein approximately 1.0 cm. in 
diameter which also ran, without tributaries, to 
the right hilus. (Fig. 7C.) 

CASE vill. (Asymptomatic pulmonary ar- 
teriovenous fistula, lingular segment, left upper 
lobe.) On routine chest x-ray (Fig. 8A) a 
thirty-six year old male schoolteacher (New 
York Hosp., No. 672688) was found to have 
increased vascularity along the route of the left 
descending pulmonary arterial tree. The patient 
was asymptomatic. On examination he was in 
good general condition. The heart was normal 
in size; there were no murmurs; the blood pres- 
sure was 120/80; and there was no cyanosis. A 
bruit was heard after deep inspiration just to the 
left of the apex of the heart. The arterial 
oxyhemoglobin was 94 per cent saturated at rest, 
and the shunt through the pulmonary arterio- 
venous fistula was calculated to be 15 to 18 per 
cent of the total pulmonary blood flow. 


OCTOBER, 1955 





Fic. 7C. Case vu. Right middle lobe arteriovenous 
fistula in a patient with meningoencephalitis; low 
melting alloy cast of lesion, 








Angiocardiography (Fig. 8B and €) revealed 
a pulmonary arteriovenous fistula in the lingular 
segment of the left lung. On February 4, 1955, 
the lingular segment was excised and the patient 
made an uneventful recovery. 

Case 1X. (Pulmonary arteriovenous fistulas, 
posterior segment right upper lobe and posterior 
basal segment left lower lobe, associated with 
Rendu-Osler-Weber's disease.) A fifty year old 
housewife (New York Hosp., No. 702800) was 
admitted on February 10, 1955, with com- 
plaints of dyspnea and tiredness oí ten years' 
duration. For over twenty years she had been 
aware of *red spots" on the lips and fingers. As a 
child she had had frequent nosebieeds; these 





Fic. 8. Case vin. Lingular segment (left upper lobe) arte- 
riovenous fistula in an asymptomatic male. A, frontal 
roentgenogram shows increase in vascularity left lower 
lung field. B, frontal angiocardiogram shows a small 
arteriovenous fistula. C, lateral angiocardiogram reveals 
the arteriovenous fistula (arrow) segment with its afferent 
and efferent branches in the lingular. 


gradually decreased, recurring only two to three 
times a year. She had always considered herself 
well. Six pregnancies were uncomplicated, but 
during her seventh in 1939 fatigue and dyspnea 
on exertion began. Anemia was discovered and 
a "tonic" containing iron was prescribed. She 
improved and was even able to manage work in 
a factory. However, two or three times each 
vear she had excessive fatigue, dyspnea and 
headache which required an iron *tonic" and a 
month’s leave of absence from her job. 

[In 1949 a routine survey chest x-ray disclosed 
pulmonary lesions and she was hospitalized for 
six weeks in a tuberculosis sanatorium. On 
discharge she was told that she did not have 
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Fic, 9. Case 1x. Pulmonary arteriovenous fistulas of the posterior segment right upper lobe and posterior basilar 
segment of the left lower lobe. A, conventional frontal x-ray shows two rounded opacities in the right upper lobe 
with hilar connecting afferent and efferent blood vessels. Left lower lobe lesion obscured by heart and diaphragm 
(arrow). B, lateral, shows the posterior location of the upper lobe densities and another large rounded mass at the 
base. C, frontal angiocardiogram demonstrates the bilateral pulmonary arteriovenous fistulas. D, lateral angio- 
cardiogram reveals the segmental and posterior location of the fistulas. 


tuberculosis; no other diagnosis was made. 
Fatigue and dyspnea continued and became 
worse four years before the present admission, 
requiring a six-month period of rest before she 
could resume her household duties. A severe 
upper respiratory infection caused her to be 
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hospitalized recently. A new chest x-ray was 
made, and this time a physician heard bruits 
and recognized the presence of bilateral pul- 
monary arteriovenous fistulas and familial 
telangiectasis. She was referred to this hospital 
for treatment. The patient recalled that he 
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Fic. 9E. Case ix. Pulmonary arteriovenous fistulas of 
the posterior segment right upper lobe and posterior 
basilar segment of the left lower lobe; low melting point 
alloy cast of the left lower lobe fistula. 


father and two paternal uncles had "red spots" 
on the fingers and lips: four siblmgs and six 


children are, she believes, free of stigmas of 


telangiectasis. 

On examination the patient was pale, and 
well developed and nourished. There was slight 
cyanosis of the lips and finger nails. The skin 
and mucous membranes showed multiple tel- 
angiectasis of lps, buccal mucous membrane, 
palate, nasal septum, right lower evelid, finger 
tips and subungual regions, and toes. There was 
no clubbing. The heart was normal in size and 
there were no murmurs; blood pressure was 
130/70. The electrocardiogram was normal. 

Vascular bruits were heard at the base of the 
left lung and over the right posterior apper chest. 
Roentgenograms of the chest (Fig. 9A and B) 
showed two discrete rounded homogeneous 
lesions in the posterior segment of the right upper 
lobe with vascular connections to the hilar 
structures. The lateral film (Fig. 9B), in addi- 
tion, revealed a larger rounded dense mass at the 
base, hidden from view in the frontal projection 


by the left diaphragm. Angiocardiography in 
frontal and lateral views (Fig. 9C and D) showed 
the fistulas. Gastrointestinal and colonic x-ray 
examinations and proctoscopy failed to reveal 
gastrointestinal telaneiectasis; the stools were 
free of blood. 

Laboratory data (Table 1) showed secondary 
anemia. The arterial oxygen content in volumes 
per cent was 14.4, the arterial oxvgen capacity 
16.5 per cent, and the arterial oxygen saturation 
97 per cent. The shunt through the pulmonary 
arteriovenous fistulas was calculated to be 24 per 
cent of the total pulmonary blood flow. After 
three 250 cc. transfusions of packed cells, the 
hematocrit and hemoglobin were increased. On 
February 11, 1955, left lobectomy was per- 
formed. Postoperative recovery was uneventful. 

The excised fistula was injected with low- 
melting alloy. (Fig. 9E.) A relatively slender 
branch of the 
abruptly became dilated and assumed a sinuous 


pulmonary artery (arrow) 
course as it entered an ovoid cluster of extremely 
thin-walled vessels 2.5 cm. in diameter. The 
fistula was drained by a single tortuous, dis- 
tended efferent vein approximately 6 mm. in 
diameter. 


DISCUSSION 


Pathologic Features 


It was long suspected that channels of greater 
diameter than that of 
branches of the pulmonary artery and vein. 


capillaries | connect 
The evidence for this rests on the fact that rela- 
tively large particles, such as clumps of tumor 
cells and Schistosoma cercariae, pass through the 
lungs into the peripheral circulation. Arterio- 
venous shunts have been demonstrated in lower 
animals by Clark and Clark?’ and in the human 
stomach”? and skin.^ By means of ingenious 
perfusion experiments they were demonstrated 
in mammalian lungs by Prinzmetal and his 


! and their distribution in human lungs 


geroup,*' 
was charted by Tobin and Zariquiey.?? The 
possible implications of these studies are the 
subject of a critical report by Brink.*! 

chiefly 


arteriovenous anastomoses and capillaries be- 


For unknown causes, congenital, 
come engorged and congested, and may do so in 
any number of patterns. The lesions are usually 
multiple and may vary in appearance from 
simple or cirsoid aneurysms of the face, neck or 
extremities?? to the more extensive hemorrhagic 
telangiectasis of Rendu-Osler-Weber’s disease. 
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Capillary or cavernous arteriovenous aneurysms 
of the viscera, frequently of the lungs, are but 
two kindred forms of a versatile disease. The 
multiplicity of the anomalies is important: In 
their survey of the eighty-five recorded cases of 
congenital pulmonary arteriovenous fistulas 
Sloan and Cooley! reported two or more lobes 
to be involved in twenty-seven patients, and 
both lungs in twenty-one. Figure 9 illustrates a 
case in which there were arteriovenous fistulas 
in the right and left lungs. 

The gross appearance of the six resected 
fistulas in our series was in no way unusual. All 
were thin, globular sacs lying peripherally just 
beneath the pleura, supported by a rather frail 
stroma. In none of our specimens were calcified 
plaques found. 

The blood supply and drainage of congenital 
arteriovenous fistulas is capricious and of the 
greatest importance at the time of thoracotomy. 
The varied possibilities are indicated in Figures 
5D, 6D, 7C and 10. Clearly, the fistula is not 
simply a distended sac fed by an end artery and 
drained by a vein, but rather one part of an 
intricate anomaly affecting not only the princi- 
pally involved lung but also neighboring vessels, 
chest wall and often the opposite lung as well. 
Communications may exist between terminal 
arteriole and vein;?? but the artery and vein 
often follow an unconventional course. The 
artery may emerge from a normal adjacent 
lobe,** from the aorta?? or from intercostal 
arteries. Veins from normal adjacent lung may 
flow into the aneurysmal sac,?* and wholly 
bizarre vessels may drain the fistula. It has 
been suggested, as in our Case vi, that bronchial 
arteries may contribute to the fistula*’ and a 
parallel series of direct shunts may connect the 
pulmonary artery and vein.! (Fig. 10.) 

A limited amount of information about 
vascular lesions may be obtained by injecting 
them with radiopaque solutions such as barium, 
bismuth oxychloride,?* cinnabar?? or latex*" and 
then making radiographs of the specimen before 
sectioning it. In this way the tissue may be 
examined histologically if the pathologist so 
desires. Yet the gross anatomy of these lesions 
and its continuity offers more information than 
microscopic examination, and the injection-cor- 
rosion method best demonstrates the origin, size 
and relationship of the vessels making up the 
fistula. Four of our six specimens were recon- 
structed by injecting them with a metal alloy 
of low melting point?! and digesting the sur- 
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rounding tissue with a strong alkali. It would 
perhaps have been as easy to inject vinylite 
plastic, as suggested by Liebow,*? a method 
offering the additional advantage of color 
identification to a three-dimensional cast. 
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Fic. 10. Schematic drawing of anomalous connections 
of a pulmonary arteriovenous fistula. Continuous lines 
represent the pulmonary artery (P.A.) entering and 
the dilated branch of the pulmonary vein (P.V.) 
leaving the fistula. Dotted lines indicate anomalous 
branches from the aorta (A), the artery from the 
adjacent lobe (A.A.L.), vein from adjacent lobe 
(V.A.L.) and intercostal artery (I.A.). Small collat- 
eral shunts (arrow) may also be present proximal to 
the fistula, connecting pulmonary artery and vein as 
indicated above. 


Clinical Features 


Incidence,- Sex and Race. Pulmonary arterio- 
venous fistulas are uncommon despite the 
increasing reports in the literature. In this 
Center only nine cases were collected in a total 
of 2,000 patients studied angiocardiographically 
during an eight-year period. The nine cases 
represent a select group: Two (Cases vir and 
vill) were referred for more complete angio- 
cardiographic study after the diagnosis had been 
established by angiocardiography elsewhere; 
two others (Cases m1 and 1v) were referred from 
the Tuberculosis Clinics of the New York City 
Departmen: of Health. Only five cases were 
found in The New York Hospital (Cases 1, 11, v, 
vi and 1x) during the years 1950-1955. As in 
Sloan and Cooley’s report,! there was no signif- 
icant sex preference; six patients were female 
and three were male. The ages varied between 
nineteen and sixty-seven years and all patients 
were of the white race. 

Familial Tendency and Relation of Pulmonary 
Arteriovenous Fistulas and Hereditary Hemorrhagic 
Telangiectasis. Two siblings (Cases iv and v) 
were among the eight cases. (Table r.) This is the 
third set of siblings reported in the literature.'®'* 
Pulmonary arteriovenous fistulas in father and 
son, in daughter and probably father.! 


564 
and mother and son!? have also been reported 
recently. A history of hemangiomas and tel- 
angiectasis (Rendu-Osler-Weber's disease) in 
other members of the family in our eight patients 
could only be elicited. once (Case ix). In the 
literature, however, 15 per cent had a familial 
history of this disease.! Two of the patients 
(Cases 1 and 1x) had associated hemangiomas, 
and over 40 per cent of the reported cases of 
pulmonary arteriovenous fistula also had tel- 
angiectatic lesions elsewhere in the body.' These 
findings clearly establish the familial nature of 
pulmonary arteriovenous fistula and the close 
relation to hereditary hemorrhagic telangiectasis. 

Symptoms and Physical Findings. Only one pa- 
tient (Case mi, Table 1) had dyspnea, cyanosis 
and clubbing of the fingers and tces. The find- 
ings were due to anoxemia and pesulted from 
involvement of the whole left lower lobe (the 
largest in our series) in the arteriovenous fistula. 
(Fig. 3.) This is in contrast to the forty-four 
instances of dyspnea among the seventy-nine 
cases collected from the literature by Sloan and 
Cooley,' and suggests that only the large and 
more advanced pulmonary arteriovenous fistulas 
have hitherto been recognized. The absence 
of cyanosis and polycythemia in Case v1 may be 
due to the bronchial arterial communication 
with the fistula, disclosed by the operation. 
Either the systemic arterial connection may be 
sufficient to prevent unsaturation of blood or 
else the increased bronchial arterial pressure 
may alter and even reverse blood flow in an 
arteriovenous shunt. The absence of poly- 
cythemia in Case ix is explained by the chronic 
anemia. 

Two patients (Cases 1 and vii) were admitted 
because of acute cerebral symptoms, one with a 
brain abscess and the other with acute meningo- 
encephalitis. Neurologic disturbances are com- 
mon in patients with pulmonary arteriovenous 
fistulas and have been usually attributed to 
cerebral anoxemia or to vascular thrombosis 
associated with the polycythemia.! However, as 
in Case r, brain abscesses are being found more 
frequently.*> 943,44 

Three patients (Cases iv, v and vir) were 
asymptomatic. Two others (Cases m and vi, 
Table 1) had diseases unrelated to the pul- 
monary arteriovenous fistulas which were 
incidental findings. Only the patient with 
dyspnea, cyanosis and clubbing of the digits and 
polycythemia (Case mr) was poorly nourished. 
The heart and electrocardiogram were normal 
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in all instances except Case u in which rheu- 
matic heart disease was also present. The finding 
of a heart of normal size in patients with pul- 
monary arteriovenous fistulas is explained 
by the absence of increased pulmonary vascular 
resistance, !:45-46 

Vascular bruits over the site of the pulmonary 
arteriovenous fistulas were heard in all but one 
patient (Case m). The murmurs varied from a 
faint systolic sound accentuated by deep in- 
spiration to a loud harsh systolic blow; in one 
instance the bruit was present during diastole 
also. Accurate localization of the fistula by 
roentgenography in frontal and lateral views 
aided in eliciting the auscultatory signs. 


Roentgen Features 


The most constant finding in pulmonary 
arteriovenous fistulas is the presence of an 
abnormal shadow in the conventional chest 
roentgenogram.?^?* ‘The fistulas may vary in 
size and shape from minute circula- densities 
(Figs. 2A and 5A) to large sharp oval lesions. 
(Figs. 1A, 6A and 9A.) Vague and ill defined 
edges may simulate pulmonary infiltrates. (Figs. 
3A and 4A.) At times, localized increase of 
the hilar pulmonary vasculature may suggest an 
arteriovenous fistula (Figs. 7A and 8A), espe- 
cially when lateral or oblique views indicate 
that the increased vasculature is related to the 
segmental or lobar pulmonary blood supplies. 
Another feature, the afferent pulmonary arterial 
and efferent pulmonary venous channels con- 
necting with a pulmonary lesion, may be evi- 
dent. (Figs. 1A and B, 2A, 6A and 9A.) Rarely, 
anomalous pulmonary venous drainage from the 
right lung into the inferior vena cava may simu- 
late a pulmonary arteriovenous fistula.*?:*5 
Calcifications in pulmonary arteriovenous fistula 
are uncommon and have been reported in only 
three instances.! 

Pulmonary arteriovenous fistulas may occur 
in any segment, subsegment or lobe. In our 
series the left lower and right middle lobes were 
involved respectively in two instances, while in 
the seven other cases the lesions were seg- 
mental. (Table 1.) 

Fluoroscopy permits recognition of vascular 
pulsation of pulmonary arteriovenous fistulas 
and their vascular connections, but in none of 
our cases was this phenomenon observed. More 
important are the changes in size of the lesions 
during respiratory maneuvers.*4 With the 
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Valsalva procedure (expiration against the 
closed glottis) the intrathoracic pressure is raised, 
blood flow diminishes in the thorax and the 
fistula becomes smaller. The Müller procedure 
(deep inspiration against the closed glottis) 
decreases the intrathoracic pressure and more 
blood fills the fistula and makes it larger. 

Body section roentgenography has been highly 
recommended for the diagnosis of pulmonary 
arteriovenous fistulas.':?4:34:44 In some instances 
it may be expected to supplement conventional 
roentgenography and disclose vessels connecting 
with the fistula. However, disease processes like 
bronchiectasis and chronic pneumonia may be 
exaggerated and reveal patterns that simulate 
pulmonary arteriovenous fistulas.*® 

In the roentgenographic differential diagnosis, 
primary or secondary lung tumors, bronchiectasis 
and tuberculosis are some of the conditions to be 
considered. One patient (Case 11) was suspected 
of having a metastatic lung lesion because of the 
presence of a brain tumor. Bronchiectasis was 
diagnosed in Case 1m because of clubbing of the 
digits and haziness of the left lower lobe. An- 
other patient (Case 1v) was thought to have a 
left infraclavicular tuberculous infiltrate, while 
in Case vi a primary lung neoplasm or ham- 
artoma was suspected. 

Angiocardiography. ‘There is general agreement 
that angiocardiography provides the defini- 
tive diagnosis of pulmonary arteriovenous 
fistulas.^?^?* Robb*®®**! first and Linskog and 
co-workers*® later called attention to the 
importance of making large (14 by 17 inch) 
roentgenograms in order to prevent overlooking 
multiple and bilateral pulmonary arteriovenous 
lesions. Apparently, minute pulmonary tel- 
angiectasis may not be readily discernible by 
angiocardiography.®*” However, small arterio- 
venous fistulas in pulmonary segments are easily 
recognized. (Figs. 4, 5, 7 and 8.) The afferent 
and efferent vascular connections of pulmonary 
arteriovenous fistulas may be difficult to 
visualize with conventional roentgenography 
but are readily seen with angiocardiography. 
Multiple serial films are sometimes desirable 
for complete study of the lesion during the 
arterial and venous filling stages but usually two 
large films taken with a standard stereo-cassette 
changer®*:54 at 2144 and 6 seconds after the 
beginning of the injection will show the pul- 
monary arterial and venous components of the 
fistula. Involvement of the chest wall by pul- 
monary arteriovenous fistulas has been re- 
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ported. W'th angiocardiography this coms 
plication mizht have been recognized. 

In the literature there are two reports of un- 
toward reactions following angiography in 
patients wita pulmonary arteriovenous fistulas. 
A fatality®® eccurred after the injection of 35 cc. 
of the contrast agent through a cardiac catheter 
with tip in ‘he right atrium. Another patient’® 
recovered afer severe hemoptysis which followed 
injection of contrast material through a cardiac 
catheter placed in the main pulmonary artery. 
The recent report of rupture of the heart by 
injection of the contrast substance through a 
cardiac catheter during selective angiography?' 
emphasizes the danger of injecting contrast 
substances directly into the cardiovascular 
system via catheters. 

In marked contrast is our experience with the 
intravenous method of angiocardiography. In 
all, 2,573 injections of contrast material have 
been made in 1,939 patients during the period 
from October, 1946 to 1954. Only one death 
occurred, this in a fifty-six year old woman who 
had a perieardial effusion probably secondary 
to irradiation fibrosis. This record, in a series 
containing nany patients seriously ill with heart 
and lung d sease, fully justifies the use of angio- 
cardiography, especially in pulmonary arterio- 
venous fistelas, for in this disease preoperative 
informatior in regard to bilateral or multiple 
involvemert of the lungs is essential for the 
planning o the operation and conservation of 
lung tissue. In spite of recent warnings,** 
cardiac fadure and/or hypertension are not 
contraindications to angiocardiography. 


Treatment 


There :* general agreement that the best 
treatment-or pulmonary arteriovenous fistulas 
is surgical excision of the lesions, with removal 
of as little lung tissue as possible in order to 
preserve pulmonary function, especially if mul- 
tiple lesion: are present. There are many reports 
in the literature of the disappearance of dysp- 
nea, cyancsis and polycythemia following sur- 
gery.!12,1& 6 Surgery is even advocated as a 
prophylactic measure in asymptomatic pa- 
üents.?? The risk of lobectomy or segmental 
resection 3 far less than the morbidity and 
mortality ef complications like brain abscess, *:* 
9.23.44 hemmptysis!?:*8 and cerebral thrombosis 
due to polycythemia. ' 

Too litte time has elapsed to know if there 
will be recurrence of pulmonary arteriovenous 
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fistulas in other portions of the lung after 
surgery. Two cases are on record! in which 
pre-existing pulmonary arteriovenous fistulas en- 
larged after surgical excision of associated pul- 
monary fistulas. The recent finding of multiple 
minute pulmonary telangiectasis on lung 
biopsy?" indicates the futility of lung surgery 
in such a condition. 


SUMMARY 


Pulmonary arteriovenous fistulas are heredi- 
tary hemangiomatous malformations of the 
pulmonary vascular bed. Almost 40 per cent 
of the reported cases also have hemangiomas 
elsewhere in the body, indicating that a close 
relationship to familial hemorrhagic telangiecta- 
sis (Rendu-Osler-Weber’s disease) exists. 

When pulmonary arteriovenous fistulas are 
large and do not have systemic arterial connec- 
tions, dyspnea, cyanosis, clubbing of the digits 
and polycythemia result from unsaturation of 
the blood. Hemoptysis may occur when there is 
rupture of the paper-thin pulmonary vascular 
anomaly. There is also a high incidence of 
cerebral symptoms due either to cerebral throm- 
bosis, secondary to the polycythemia, or to 
infection, especially brain abscess. The heart 
remains normal in size because pulmonary 
arteriovenous fistulas do not cause increased 
pulmonary vascular resistance. 

In our series of nine cases the elassical syn- 
drome of cyanosis, clubbing of digits, poly- 
cythemia and a vascular murmur heard over 
the pulmonary fistula was present in one case 
only. One patient with dyspnea, fatigue and 
familial telangiectasis had bilateral pulmonary 
arteriovenous fistulas; chronic anemia prevented 
intense cyanosis and polycythemia. In three 
instances the patients were asymptomatic; in 
two the pulmonary arteriovenous fistula was an 
incidental finding; in the remaining two, acute 
cerebral conditions (brain abscess and meningo- 
encephalitis) were the presenting symptoms. 
Vascular bruits were heard in eight patients. All 
patients had abnormal chest roentgenograms. 

The diagnosis of pulmonary arteriovenous 
fistula can often be made by conventional roent- 
genography, particularly if the index of suspicion 
is high. Pulmonary densities with hilar vascular 
connect-ons localized in lobes or segments of the 
lung, or increased hilar vascularities, should 
arouse suspicion of an arteriovenous fistula. 
Change in size of the lesions after respiratory 
maneuvers (Valsalva, Miiller) and delineation 


of the afferent arterial and efferent venous 
connections by body section radiography may 
be confirmatory. Angiocardiography, however, 
establishes the diagnosis and is recommended 
for preoperative evaluation. 

The treatment of pulmonary arteriovenous 
fistulas is surgical excision, with preservation of 
as much lung tissue as possible in order to pre- 
serve pulmonary function, especially if multiple 
lesions are present. Surgery is usually curative. 
It is recommended by some even in the asymp- 
tomatic case since the risk of brain abscess, fatal 
hemoptysis or development of cerebral thrombo- 
sis when polycythemia occurs is far greater than 
the morbidity and mortality of lobectomy or 
segmental resection. 
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Pulmonary Lesions in “Rheumatoid Disease" 


with Remarks on Diffuse Interstitial 


Pulmonary Fibrosis 


Ei: H. RUBIN, M.D. 


New York, New York 
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es HEUMATOID disease" is a more descriptive 

term than rheumatoid arthritis since it 

expresses a widespread affliction involv- 
ing not only the locomotor system but also other 
parts of the body.' For reasons to be given later, 
there is much to recommend this all-inclusive 
designation and it will be used in this sense in the 
following pages. 

In 1948 Gruenwald? described a case of 
"rheumatoid disease" with visceral lesions and 
commented that this combination had not been 
reported previously except for passing mention 
of nodules in subcutaneous tissues, skeletal 
muscles and nerve trunks, also scars of rheumatic 
heart disease. The case cited was found to have 
granulomatous lesions in the heart, pleura and 
capsule of the spleen, indicating that all serous 
membranes may be involved. The Ninth 
Rheumatism Review,? published in 1948 and 
containing a comprehensive summary of the 
English and American literature on the subject, 
refers to studies by Baggenstoss, Rosenberg and 
Hench^* in which are described thirty cases of 
"rheumatoid disease" examined at autopsy. A 
high incidence of cardiac lesions, indistinguish- 
able from those of rheumatic fever was found, 
also a relative frequency of microscopic renal 
lesions. Although pneumonia, chronic suppura- 
tion, embolism and massive collapse of the lung 
were the most common causes of death, the 
authors could find no distinguishing pulmonarv 
lesions which could be correlated with the 
"rheumatoid disease." Nor could they find any 
relationship with the frequent finding of fibrous 
pleural adhesions which were present in twenty- 
two of the thirty cases. The Tenth Rheumatism 
Review, published in 1953,® contains three 
references’—® in which are described five cases 


of “rheumatoid disease" with pulmonary find- 
ings. In 1954 Harris!’ was able to collect refer- 
ences to a total of twenty cases of pulmonary 
lesions associated with “‘rheumatoid disease" 
and cited a case of his own. Five of these cases 
were studied at autopsy, two by Ellman and Ball 
and three »y Christie. Two additional cases, 
with autop.y examinations showing pulmonary 
lesions, have been reported, one by Bevans and 
co-workers? and the other by Katz and Auer- 
bach.!? The literature on the subject appears to 
be growinz rapidly. 

With  iacreasing use of routine chest 
roentgenography, changes are being discovered 
in the lungs of patients with *rheumatoid dis- 
ease" indicating that these organs are involved 
quite frequently and early in the course of the 
disease. Inasmuch as the lungs, as visualized in 
chest x-raws, often serve as mirrors of what is 
going on in other parts of the body,'* roent- 
genography offers a useful means of investiga- 
tion of obs-ure svstemic diseases associated with 
pulmonary manifestations. Points of similarity or 
dissimilari-y between diseases, featured by lung 
changes which are demonstrable roentgenologi- 
cally, are often easily recognized and the sig- 
nificance of such changes, at times, better 
appreciated in serial chest x-rays in the light of 
the clinical findings than at autopsy. As to the 
applicabil ty of chest roentgenography to the 
study of pulmonary manifestations of *rheuma- 
toid disease" and to related collagen diseases, 
it may be pointed out that the lungs possess a 
dual bloed supply, an immense interstitial 
stroma and a broad pleural serosa, tissues which 
are most expressive of mesenchymal disorders. 

Within a space of two months the writer had 
occasion `o observe three patients with acute 


* From the Montefiore Hospital, New York, N. Y. 
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"rheumatoid disease" with characteristic articu- 
lar manifestations in whom the chest x-ray 
findings were in keeping with a systemic disturb- 
ance. In two cases it was possible to obtain lung 
biopsies for histologic study. Since the roent- 
genologic and pathologic findings in the cases 
studied resembled in some respects those seen 
in several other members of the collagen group 
of diseases, also in occasional instances of diffuse 
interstitial fibrosis of unknown etiology, refer- 
ence will be made to pertinent findings in these 
groups of cases. The last mentioned is currently 
being studied by Lubliner and the writer.!5 


CASE REPORTS 


Case 1. A. R., a forty-nine year old white 
female, was subject to frequent upper respiratory 
infections as a child. Repeated chest x-rays failed 
to reveal any abnormalities. At the age of 
twenty-eight the patient had an ovary, fallopian 
tube and appendix removed. She continued to 
have her menses regularly. In July, 1949, the 
patient developed symptoms which were as- 
cribed to pneumonia. A chest x-ray revealed 
faint haziness in both lower lobes but no 
distinct parenchymal involvement. The condi- 
tion cleared with penicillin treatment. During 
the following two years the patient experienced 
menopausal symptoms for which she received 
hormonal treatment. 

In June, 1952, after an emotional disturbance, 
the patient developed generalized urticaria of 
the hands and face, with swelling and pruritus, 
also pain, redness and swelling ef the joints 
beginning in the toes and spreading to the ankles, 
upper extremities and other joints. The patient 
also experienced deep muscle pain. The menses 
ceased abruptly. On August 23, 1952, the 
patient was hospitalized for treatment of her 
"rheumatoid disease." Chest x-rays showed no 
significant changes from those noted three years 
previously. (Fig. 1A.) The patient was treated 
with salicylates and discharged after a week, 
somewhat improved. 


Two months later there was recurrence of 


rheumatoid symptoms and at this ume the pa- 
tient complained of shortness of breath which 
seemed worse during the periods of aggravation 


of the joint pains. In January, 1953, because of 


increasing severity of the arthritic symptoms, the 
patient was again hospitalized. In addition to 
the dyspnea and joint pains, there were now 
present anemia, four-pillow orthopnea, an 
enlarged liver and ankle edema. A chest x-ray 
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disclosed, for the first time, soft irregular mot- 
tlings in both lungs; also diffuse, interstitial 
striations, especially in the lower lobes, possibly 
a small amount of fluid at both bases and promi- 
nence of the horizontal fissure on the right. The 
right leaf of the diaphragm was displaced up- 
ward. (Fig. 1B.) Repeated chest x-rays taken 
during the following months showed no signifi- 
cant changes except for greater accentuation of 
the interstitial striations and less soft mottling. 
The patient was treated with digitoxin, iron and 
cortisone. The swelling, redness and pain disap- 
peared from the hands. For about nine months 
the patient continued to take cortisone period- 
ically, also mercurials and salicylates to relieve 
the joint pains. 

In December, 1953, the joint symptoms re- 
curred and the patient was rehospitalized. On 
this occasion she was given penicillin but devel- 
oped a generalized urticaria and was given 
cortisone for relief. A chest x-ray showed ac- 
centuation of the diffuse pulmonary infiltrations. 
Several weeks later the patient was admitted to 
the New York Hospital. Cardiopulmonary func- 
tional tests were performed in this institution 
and the results, furnished through the courtesy 
of Dr. I. Steinberg, revealed the following: 
Cardiac catheterization showed moderate pul- 
monary arterial hypertension compatible with 
diffuse pulmonary fibrosis. An angiocardiogram 
revealed compression of the pulmonary vessels 
and slight enlargement of the pulmonary artery 
suggestive of elevated pulmonary artery pres- 
sure. The left ventricle was slightly enlarged. 
Pulmonary function tests revealed impairment 
of ventilatory capacity indicative of pulmonary 
fibrosis of a diffuse variety. Other laboratory 
findings were similar to those obtained several 
months later at the Montefiore Hospital where 
the patient was admitted on February 27, 1954, 
and remained until discharge March 20, 1954. 

The patient appeared chronically ill, dysp- 
neic even at rest, and complained of generalized 


joint pains requiring salicylates and sedation. 


The temperature was 99.6°F., pulse 120 and 
regular, respiratory rate 20 and blood pressure 
130/90. The skin of the face revealed a macular 
erythema more marked over both cheeks. The 
thyroid was not enlarged; there was no venous 
distention. The extremities showed moderate 
fusiform enlargement of the interphalangeal 


joints of the hands and wrists which were puffed 


and painful on motion. A slight deformity of the 
right hand was ascribed by the patient to long- 
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Fic. 1. (Case 1.) A, August 25, 1952; faint haziness over both lower lung fields; possibly pleural reaction at bases. 
B, chest x-ray, February 16, 1953; soft irregular mottlings throughout bcth lung fields and faint reticular infiltra- 
tions; prominent horizontal fissure on right; possibly small collections of fuid at bases: right leaf of diaphragm dis- 


placed upward. 


standing ulnar nerve injury. The knees and 
ankles were also swollen and painful. There was 
impaired percussion over both lower lobes, 
especially over the right base. Auscultation 
revealed rales over the entire chest, chiefly pos- 
teriorly, and at the bases where a coarse friction 
rub could be heard. The friction rub was present 
throughout the patient's stay at the hospital and 
in follow-up examinations. The heart rate was 
regular with a soft systolic murmur at the left 
border. P» was accentuated. The liver was palpa- 
ble three finger breadths below the right costal 
margin and was not tender. The spleen was not 
felt. 

Chest x-rays showed accentuation of diffuse 
interstitial striations throughout both lung fields 
but, on the whole, the changes were similar to 


those seen in previous films. (Fig. 1C.) X-rays of 


the hands, shoulders, feet and other joints re- 
vealed moderate osteoporosis, especially of the 
hands, narrowing of joint spaces but no erosion. 
Laboratory data included: urine negative; 
hemoglobin 11 gm. per cent; red blood cells 
4.500,000 per cu. mm.; white blood cells 8,050 
per cu. mm. with a normal differential. Erythro- 
cyte sedimentation rate was elevated; no lupus 
erythematosus cells in the peripheral blood. 
Serum albumin 3.6 gm. per cent, serum globulin 
4.2 gm. per cent. An electrocardiogram showed 
old posterior wall infarction with right bundle 
branch block. Basal metabolism 4-47 per cent: 
repeated 4-34 per cent: cephalin flocculation 
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Fic. 1C. Ghest x-ray (Case 1), February 25, 1954; 
diffuse interstitial striations throughout both lung 
fields; irrezular density, left lower chest. 


1+, thymol turbidity 18. Other blood examina- 
tions showed no significant findings. Repeated 
examinatien of the sputum failed to reveal acid- 
fast organisms. Skin and muscle biopsies which 
had beer obtained previously at the New York 
Hospital Fad shown no abnormalities. 

The patient continued to have dyspnea, worse 
when the joint pains were more severe. Salicyl- 
ates and sedatives gave partial relief. Prior to 
the institu-ion of hormonal treatment spirometry 
was done. The vital capacity was 1,000 cc. with a 
maximum breathing capacity of 43 L. per 
minute. After ten days’ treatment with corti- 
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Fic. 2. (Case im) A, chest x-ray, October 18, 1949; scattered calcific foci in left lung and thickened pleura on that 
side; the right lung field is clear. B, chest x-ray, May 21, 1954. In addition to calcified foci in left lung seen in 
previous chest x-rays, there are now diffuse interstitial striations in both lungs, especially the right lung; there was 


pleural reaction at both bases. 


cotropin the vital capacity rose to 1,800 cc. and 
the maximum breathing capacity to 73 L. per 
minute. The patient improved symptomatically 
and was able to knit which she could not do 
previously. The linear infiltrations in the lungs 
appeared slightly less pronounced but, on the 
whole, the x-ray findings were unaltered. After 
discharge from the Montefiore Hospital the 
patient continued to receive decreasing doses of 
corticotropin supplemented with, and later 
replaced by, cortisone. After four months the 
hormonal treatment seemed to be decreasingly 
effective and the patient required salicylates to 
relieve the joint pains, also inħalations of 
vaponefrin to relieve the paroxysms of dyspnea. 
At the time of this writing (August, 1954) the 
disease appears to be slowly progressive. The 
patient has lately noted a rash over the upper 
chest and arms associated with itch at the time 
of recurrence of joint pains and dyspnea. 

Case m. H. D., a fifty-eight year old white 
female, was found to have pulmonary tuber- 
culosis of the left upper lobe at the age of thirty- 
two. The disease underwent spontaneous arrest. 
Thirteen years later the disease relapsed and the 
sputum contained acid-fast bacilli. 4 pneumo- 
thorax was induced on the left side and after one 
vear of collapse therapy the lung was released. 


Folləwing this the patient felt well and at- 
tended to her household duties. Repeated chest 
x-rays showed a calcified scar in the left apex, 
scattered calcific foci in the left upper lobe and a 
thickened pleura on that side. (Fig. 2A.) The 
sputum was repeatedly negative for acid-fast 
bacilli. 

In November, 1952, the patient developed 
pain in the right lower chest associated with 
slight cough but no fever. A chest x-ray dis- 
closed soft irregular infiltrations at the right base 
suggestive of pleurisy or atypical pneumonia 
rather than reactivation of tuberculosis. The 
remainder of both lung fields was unchanged. 
Sputum examinations continued to be negative 
for acid-fast bacilli. The patient was treated with 
aureomycin and penicillin. On one occasion she 
received sulfonamide but developed a skin rash 
and itch on the tenth day and the medication was 
discontinued. The rash cleared spontaneously in 
about two months but recurred in mild form on 
later occasions. In December, 1952, the patient 
had a recurrence of right-sided chest pain, less 
severe than the first episode, and she was treated 
with bed rest alone. 

In April, 1953, as the chest pain was receding, 
the patient developed painful swellings of joints, 
beginning at the wrists and spreading to the 
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elbows, shoulders and spine. The skin felt hot 
and there was pain on motion. The patient was 
treated with salicylates during the following 
vear. On April 26, 1954, the patient consulted 
the writer because of recurrence of chest pain 
and rheumatoid symptoms. At this time she also 
had cough, night sweats, fever and general 
malaise. She had noticed dyspnea shortly after 
the onset of the original pleurisy which hac 
become progressively worse. The patient statec 
that she had always been in good health excep: 
for a transient period of hypertension during her 
menopause. Except for the urticarial reaction 
after the administration of sulfonamide, the 
patient had had no other stigmata of hypersen- 
sitivity. A chest x-ray now revealed diffuse reticu- 
lations throughout both lung fields with evr 
dence of a pleural reaction at both bases, in 
addition to the evidence of inactive tuberculosis 
noted previously. (Figs. 2B and 2C.) In view of 
the past history of tuberculosis, the patient was 
given 300 mg. isoniazid daily to note whether the 
drug would have any effect on the joint symp- 
toms. At the end of two weeks the patient com- 
plained that the rheumatic pains had become 
worse and the medication was discontinued. 

The patient was admitted to the Montefiore 
Hospital on May 27, 1954. Physical examination 
revealed a sallow, chronically ill woman some- 
what dyspneic even at rest. The temperature 
was 100?r., pulse 100, respiration rate 20 and 
blood pressure 140/80. The interphalangeal 
joints of the fingers, also the wrists, elbows and 
shoulders, were swollen and painful on motión. 
The joints of the lower extremities were not 
affected. Examination of the chest disclosed the 
heart to be slightly enlarged, rhythm irregular 
with no murmurs. Auscultation of the lungs 
revealed many rales at both bases. A pleural 
friction rub was heard posteriorly, chiefly over 
the right lower chest. 

Chest x-rays revealed the findings noted pre- 
viously. X-rays of the hands and elbows revealed 
moderate osteoporosis of the bones of the carpus 
and swelling of the surrounding soft tissues. 
There were no productive arthritic changes. An 
electrocardiogram showed right axis deviation 
and multiple premature beats of the ventricle. 
Other laboratory findings were Mantoux 2+in 
1:100 O. T. dilution, hemoglobin was 10 gm. per 
cent, red blood cells 3,710,000 per cu. mm., 
white blood cells 7,750 per cu. mm. with a nor- 
mal differential The erythrocyte sedimentation 
rate was accelerated. Serum albumin was 
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Fic. 2C. Chest x-ray (Case 11), May 28, 1954; enlarge- 
ment show:rz detail of right upper lobe. 


4.2 gm. per cent, serum globulin 5.5 gm. per 
cent, fasting blood sugar 90 mg. per cent, blood 
urea nitregen 11.2 mg. per cent, uric acid 
4.6 mg. per cent, serum calcium 10 mg. per 
cent, serum phosphorus 3.4 mg. per cent, serum 
cholesteral 232 mg. per cent, L.E. preparations 
of the blaod were negative, liver function tests, 
cold agglutinins and routine serologic tests were 
also negative. Repeated examinations of the 
sputum fziled to reveal the presence of acid-fast 
bacilli. 

Because of the persistence of joint pains and 
low-grade fever which did not respond to 
salicylates, it was decided to give the patient a 
trial of certisone. Prior to the administration of 
the latter, a biopsy of the right lower lobe was 
done by Dr. Morris Rubin on June 10, 1954. 
The specimen was examined by Dr. J. Hasson. 
The find ngs were as follows: the pleural surface 
of the specimen was focally covered with fine 
adhesions. The pleura was noted to move freely 
on the underlying lung parenchyma suggesting 
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Fic. 2D. Lung biopsy (Case i1) showing marked thick- 
ening of interalveolar septa; distortion, narrowing 
and elongation of remaining alveolar spaces; hyper- 
plasia of alveolar lining cells; thickened wall of blood 
vessel seen in upper right field. 


edema of the subpleural connective tissue. On 
section the parenchyma appeared cellapsed and 
gray-pink with focal specks of anthracotic 
pigment. One area of hemorrhage was en- 
countered which was fairly discrete and round 
and measured 0.6 cm. in diameter. Another focal 
area appeared as solidified parenchyma sug- 
gestive of consolidation. This area appeared 
gray-white and poorly defined. 

Microscopic examination disclosed a ma rkedly 
altered pulmonary parenchyma with marked 
fibrosis of the alveolar septa and distortion of the 
alveolar spaces. (Fig. 2D.) These spaces were 
focally lined by a cuboidal epithelium and filled 
with a mucinous exudate containing mono- 
nuclear cells. The interstices were thickened by 
an increased amount of fibrous tissue and a 
scattered exudate of mononuclear cells consisting 
mainly of lymphocytes and scattered plasma 
cells and histiocytes. The density of this exudate 
varied from zone to zone. In some areas small 
dense aggregates of lymphocytes were-seen in the 
interstices. Occasional bronchioles were seen 


which contained plugs of mucinous material 
containing mononuclear cells including ex- 
foliated epithelial cells. No intact lung paren- 
chyma was seen in any of the sections. There was 
no evidence of tuberculosis. The blood vessels 
showed a patchy, hyperplastic sclerosis of the 
small arteries and special stains disclosed that this 
was due mainly to subintimal fibrosis with a 
lesser element of hyperplasia of the media. Thin, 
vascular, fibrous adhesions were seen attached to 
the pleura which was somewhat thickened. The 
diagnosis was diffuse interstitial fibrosis of the 
lung with hyperplastic sclerosis of small arteries. 

The patient was discharged from Montefiore 
Hospital on June 16, 1954, slightly improved. 
Late in June, 1954, the right knee and both 
ankles became swollen and painful. The patient 
was given cortisone 100 mg. daily and after one 
month there was considerable symptomatic 
improvement. Auscultation still revealed a 
pleural friction rub, less marked than on previous 
examinations; other physical findings were 
unchanged. Chest x-rays in August, 1954, have 
shown slight regression in the diffuse interstitial 
markings. 

Case in. E. T., a forty-six year old Negro 
female, became ill on December 20, 1953, with 
fever, cough and dyspnea, also painful, swollen 


joints. The patient was bedridden at home for 


two weeks and was treated with penicillin. 
Although not fully recovered, she returned to 
work as a domestic. On February 20, 1954, there 
was a return of fever, cough and painful joints; 
at this time, the patient also had chest pain and, 
on one occasion, spat up a small amount of 
blood. ‘The patient was hospitalized on March 
11, 1954. Examination revealed an acutely ill, 
dyspneic woman; temperature 103?r., pulse 110, 
respiration rate 24 and blood pressure 100/80. 
Both hands, especially the left, showed fusiform, 
tender swellings of the interphalangeal joints. 
The right knee was also swollen and tender. 
Examination of the chest revealed dullness over 
both sides and rales at the bases. The heart 
revealed no abnormal findings. The diagnosis 
was bilateral bronchopneumonia and rheuma- 
toid arthritis; or, possibly, acute rheumatic fever 
and rheumatic pneumonia. 

Chest x-rays revealed irregular, patchy in- 
filtrations throughout both lungs, chiefly the left, 
in keeping with acute bronchopneumonia; there 
was a pleural reaction at the bases. The heart 
was not enlarged. (Fig. 34.) X-rays of the hands 
showed fusiform swelling of the interphalangeal 
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Fic. 3. (Case m1) A, chest x-ray, March 12, 1954; irregular, patchy infiltrations in both lower lobes, more numerous 
on the left where there is confluence of densities in the mid-lung field; there is pleural reaction at bases. B, chest x-ray, 
May 13, 1954; fine, diffuse reticulations permeating both lungs, chiefly the right; pleural reaction at bases more 


evident. 


joints. The joints themselves were not involved. 
Laboratory tests revealed an accelerated ervth- 
rocyte sedimentation rate, hemoglobin 79 per 
cent, red blood cells 4,220,000 per cu. mm., 
white blood cells 8,700 per cu. mm. with a 
normal differential; urine was negative; the 
Mazzini test was negative; serum albumin was 
3.2 gm. per cent and serum globulin 3.2 gm. 
per cent; an electrocardiogram showed no ab- 
normalities. The patient was treated with com- 
bined antibiotics, later with penicillin alone, 


also salicylates and sedatives. After one month of 


penicillin treatment the patient developed a 
generalized rash which gradually subsided. It 
was ascribed to penicillin sensitivity. Although 
the chest x-rays after three weeks showed con- 
siderable clearing of the lung fields, the rales 
persisted. The joint pains slowly abated, the 
fever declined and the patient was discharged 
on April 24, 1954. 

Six days later the patient was admitted to the 
Morrisania City Hospital because of recurrence 
of fever, cough, chest and joint pains. The patient 
was acutely ill and dyspneic. The rash was still 
present over the chest and upper arms. The 
fingers, toes and knees were swollen and painful 
on motion. No abnormalities were found in the 
heart. On auscultation numerous rales were 
heard in both lungs, with pleural friction rub at 


OCTOBER, 1955 


the right base. The hemoglobin ranged between 
8 and 11.4 zm. per cent, red blood cells 2,500,- 
000 per cu. mm., white blood cells ranged be- 
tween 5,80) and 10,000 per cu. mm. with a 
normal differential. The erythrocyte sedimenta- 
tion rate was accelerated. The sputum was 
negative for acid fast bacilli. Mazzini test +, 
Wassermann test 4+, urine was negative, serum 
albumin 2.5 gm. per cent, globulin 3.5 gm. per 
cent, cholesterol 97 mg. per cent, blood urea 
nitrogen $6.) mg. per cent, fasting blood sugar 
78 gm. per cent, cholesterol esters 165 gm. per 
cent, uric acid 1.5 mg. per cent, bilirubin 
0.14 mg. per cent, thymol turbidity 15 units, 
cephalin flocculation 1+. Blood cultures were 
repeatedly negative for growth. Agglutination of 
the typhaid, paratyphoid group was negative. 
Chest x-revs now revealed fine diffuse interstitial 
striations taroughout both lungs, especially the 
right, and ‘ess of the pneumonic exudate seen in 
previous films; a pleural reaction was present at 
the bases. (Fig. 3B.) The patient continued to 
have low-grade fever. On salicylate therapy the 


joint pains gradually subsided and the patient 


was discharged on May 26, 1954. 

The patent was readmitted to the Morrisania 
City Hospital on July 1, 1954, because of recur- 
rence of pain in the hands, wrists, shoulders and 
ankles, with swelling of the affected parts. The 
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Fic. 3C. Lung biopsy (Case m) showing organizing 
[and interstitial pneumonitis with patchy areas of 
fibrosis; several prominent blood vessels are seen. 


patient was dyspneic and complained of a feeling 
of chest oppression. Physical and x-ray examin- 
ations revealed few changes from those noted 
previously. The laboratory findinss were little 
changed. On July 2, 1954, a biopsy of the right 
lower lobe was done by Dr. M. Rubin. The ex- 
cised specimen was examined by Dr. R. Lub- 
liner. The findings were as follows: The lung was 
somewhat firmer than normal but fairly well 
aerated, the pleura slightly thickened. Cut sec- 
tion revealed pinkish-red parenchyma through 
which were scattered small strands of depressed, 
erayish tissue. 

Microscopic examination showed marked 
alteration of normal architecture, foci of well 
aerated parenchyma alternating with foci of 
atelectasis. (Fig. 3C.) There was thickening of 
interalveolar septa due to increased vascularity, 
cellular infiltration and patchy fibrosis. In many 
instances there was hyaline thickening of the 
walls of the small vessels within the septa. The 
cellular infiltration was monocytic with a large 
number of plasma cells. There was marked 
hyperplasia of the alveolar lining cells. In other 


Rubin 


parts the alveolar spaces were not only distorted 
but elongated and narrowed due to the septal 
thickening and also to an organizing pneumonia. 
The alveolar spaces were filled with an admix- 
ture of fibrin, monocytes, alveolar macrophages 
and, in many instances, completely obliterated 
by the organized exudate. Both processes to- 
gether caused scattered patches of pulmonary 
fibrosis; however, this in itself was not yet a 
prominent feature. There was slight fibrous 
thickening of the pleura and of the interlobular 
septa. There was moderate thickening of the 
interalveolar septa, also in well aerated areas. 
The diagnosis was interstitial and organizing 
pneumonitis with patchy pulmonary fibrosis. 

The patient was treated with salicylates and 
sedation. The joint pains gradually subsided 
although the patient still had a low-grade fever 
at the time of her discharge to the Chest Clinic 
on July 23, 1954. A chest x-ray taken a week 
later showed slight decrease in the pulmonary 
markings. The pleural reaction was still present 
at both costophrenic sinuses. The patient still 
had painful and swollen knees and ankles and 
the fingers **felt tight" especially on arising. 


PREVIOUSLY REPORTED CASES WITH AUTOPSIES 


Ellman and Ball (1948)?: A forty-seven year 
old male had pleurisy progressing to empyema 
at eleven years of age. “Rheumatoid disease" 
appeared two and one-half years prior to present 
illness. Chest x-ray revealed fine reticulations 
throughout both lung fields with a chronic 
bronchopneumonia process. After admission to 
the hospital the patient developed cough, ex- 
pectoration and, soon, thereafter, generalized 
purpura, pyrexia, dyspnea and cyanosis. The 
patient died three months after onset of the 
respiratory symptoms. Autopsy revealed dense 
pleural adhesions, interstitial fibrosis and pneu- 
monitis with terminal bronchopneumonia, also 
some small abscesses; the blood vessels were 
largely normal. 

Ellman and Ball (1948)?: A forty-eight year 
old female had recurring bronchitis. History 
revealed acute polyarthritis eight months prior 
to acute respiratory symptoms. Examination 
showed a rash over the arms and trunk. Chest 
x-ray showed bilateral basal opacities indicative 
of consolidation and marked reticular shadows 
extending into the mid-zones. The patient was 
treated with penicillin for suspected pneumonia 
without effect. She died one year after the onset 
of the “rheumatoid disease." Autopsy revealed 
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interstitial fibrosis and pneumonitis with termi- 
nal bronchopneumonia, also minute abscesses 
containing pus. The blood vessels showed no 
changes. 

Katz and Auerbach (1951)!5: A fifty-year 
old male with a history of asthma in childhood 
had increasing dyspnea, intermittent fever anc 
weakness for about two years when he developed 
migratory polyarthritis and two months later 
cough and expectoration. Examination revealed 
advanced ‘‘rheumatoid disease" with demineral- 
ization of osseous structures, flexion and con- 
tracture deformities of hands, as well as muscular 
and subcutaneous atrophy of the parts. A chest 
x-ray four months after the appearance of 
the “rheumatoid disease" revealed diffuse, 
finely mottled and patchy nodular infiltrations 
throughout both lung fields. Later chest x-rays 
showed clearer definition of interstitial infiltra- 
tions. The patient showed iodide sensitivity 
when this drug was administered. He died in 
congestive heart failure. Autopsy revealed 
diffuse interstitial fibrosis of lungs with emphy- 
sema giving the organs a spongy appearance. 

Bevans, Nadell, Demartini and Ragan 
(1954)!2: The authors report the case of two 
patients with malignant rheumatoid arthritis” 
whose fulminating course was characterized by 
widespread granulomatous lesions in the pleura, 
pericardium, heart, diaphragm, synovia, kidneys 
and lungs. In one patient the lungs at autopsy 
revealed compression of alveolar spaces but 
otherwise the parenchyma appeared normal. 
The other case, a forty-six year old female with 
“rheumatoid disease" of fifteen years’ duration, 
developed pericarditis, pleuritis and eventually 
generalized anasarca. At autopsy several small 
yellow nodules were found in the left upper lobe 
which were soft and necrotic, also a solitary 
subpleural tubercle. Microscopically, the yellow 
nodules did not resemble tuberculosis, rather 
granulomas with necrotic centers. Fibrinoid 
material filled the alveolar spaces. Acid-fast 
and bacterial stains of these lesions were nega- 
tive for organisms. 

Christie (1954)!!: A forty-seven year old male 
had rheumatoid symptoms since the age of 
thirty-five. Six days before the patient’s first 
admission to the hospital he developed dyspnea, 
anorexia and edema of the legs. A right pleural 
effusion was aspirated. The patient was read- 
mitted thirteen months later with cough and 
progressive edema. He died two months later. 
Autopsy showed fluid in both pleural cavities. 
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The pleura was covered by fibrin. Several 
subpleural nodules were present but the inter- 
vening lune tissue was normal. Microscopic 
examination showed nodular lesions with spread- 
ing foci of fibrinous pneumonia undergoing 
central necrosis. At the edge of the necrotic 
foci the alveoli were filled with fibrin and the 
adjacent lung showed thickening of septa. 

Christie (1954)!!: A sixty-seven year old male 
developed rheumatoid symptoms and chest pain 
six months before admission to the hospital. At 
this time the patient had dyspnea, ankle edema 
and swollen joints. A chest x-ray showed cardiac 
enlargement, pulmonary congestion and fluid 
at the lung bases. Pleural aspiration revealed 
sterile fluid. The patient died twenty days after 
admission. Autopsy showed fibrous pleural 
adhesions, also fine fibrosis in the lung substance. 
Microscopie examination revealed radiating 
loose connective tissue. The scars appeared to be 
growing actively. The inner part of each was 
less cellular, with coarser collagen, whereas 
peripherally the collagen was fine and small 
round cells and fibroblasts were numerous. At 
the spreading edge the septa became thickened 
and encroached on the alveolar spaces and were 
gradually taken up in the scar. 

Christie (1954)1!: A fifty-three year old female 
had recurring seizures of pain which had the 
characteristics of Raynaud’s syndrome. The 
presenting complaints were shortness of breath, 
cough and expectoration which had been present 
for three months. The patient revealed advanced 
rheumatoid disease of the joints. On a subsequent 
admission a right pleural friction rub was heard. 
The chest x-ray showed a round dense shadow 
6 cm. in diameter in the right upper lobe. ‘There 
was increasing emaciation and death. Autopsy 
revealed extensive adhesions obliterating the left 
pleural sac and also adhesions over the lateral 
aspect of the right lung. There was a firm 
rounded mass 7 cm. in diameter occupying the 
lower half of the right upper lobe. It was com- 
posed of pale, dry, friable tissue in which rem- 
nants of bronchi were identifiable. The mass was 
encapsulated by a layer of dense fibrous tissue. 
The remainder of the lung was normal except 
for old apical pleural scars. Microscopic 
examination revealed the massive lesion in the 
right upper lobe to be indistinguishable in 
structure from that of a subcutaneous periarticu- 
lar nodule of rheumatoid arthritis. At the border 
of the scar the alveolar septa of the pulmonary 
tissue were thickened. 


E 


For the sake of completeness, Christie’s lucid 
description of the pathology of the pulmonary 
lesions in rheumatoid disease" is worth citing. 
This investigator notes that the pulmonarv 
lesions in rheumatoid disease are as varied and 
widespread as those in other organs. They range 
from acute exudative foci to scars of loose or 
dense texture. In the cases studied, the pleura 
was found to be a prominent site but lesions were 
demonstrable in all parts of the lungs including 
the parenchyma, bronchi and lymphoid tssue. 


Christie describes the histologic appearances of 


se 


the pulmonary lesions in “rheumatoid disease" 
as follows:!! (1) proliferation of mononuclear 
cells in the alveolar septa with occasional 
binuclear formation in the earb stages; (2) 
sharplv localized areas of fibrinous pneumonia 
constituting a more severe grade ef parenchym- 
atous lesion. This might proceed to necrosis and 
softening or to organization; (3) connective 
tissue buds," resembling those described by 
Masson and by Neubuerger and co-workers in 
rheumatic pneumonia, are sometimes present. 
These consist of minute nodules of connective 
tissue lying in alveolar ducts, budding from the 
wall; (4) focal scars of variable density in the 
pleura, alveolar walls, bronchi, vessels and 
peribronchial and perivascular connective tissue. 
Much of the fibrosis is non-specific although such 
areas usually contain more advanced foci 
recognizable as rheumatoid" nodules: (5) focal 
scarring or diffuse fibrosis in the walls of the 
smaller pulmonary vessels and of the bronchial 
arteries; (6) acute fibrinous pleurisy and chronic 
pleural scarring independently of or in associa- 
tion with other pulmonary changes. 

The autopsy findings in the cases of Ellman 
and Ball? showed evidence of advanced broncho- 
pneumonic changes and small abscesses, in addi- 
tion to diffuse interstitial fibrosis indicating that 
the disease was of considerable duration. The 
lung biopsy specimens reported in the present 
study were obtained relatively early in the 
course of the disease and consequently the 
diffuse interstitial pulmonary fibrosis could be 
established as the major feature of the disease. 
The vascular component in the two biopsy speci- 
mens was insignificant except in one patient who 
had received sulfonamide for ten days and then 
developed urticaria. An allergic element may 
have been a factor in the vascular changes 
although it was the impression of the pathologist 
that the alterations could be ascribed to the 
coexisting disease. Noteworthy in the case de- 
scribed by Bevans and co-workers'*? and in two 
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by Christie was the finding of localized 
granulomas in the lung and pleura which had the 
earmarks of ‘“‘rheumatoid disease" found in 


joint lesions. Pleuritis was a feature in all the 


reported cases. 
COMMENTS 


A review of the cases reported in the literature 
and of those here recorded brings out a number 
of clinical features which, in addition to the 
pathologic changes previously described, would 
indicate that the pulmonary, like the joint 
lesions, of “rheumatoid disease" are part of the 
same disturbance. Visceral participation in 
"rheumatoid disease" is usually not recognized 
clinically; occasionally, it dominates the picture. 
The attention. of the examiner is drawn to 
obvious articular lesions and, unless the visceral 
lesions had caused irreversible tissue damage or 
are demonstrable grossly, they are apt to be 
overlooked. In fact, this applies also to the post-- 
mortem findings. Christie!! emphasized the fact 
that onlv significant active lesions are recognized 
at autopsy. 

The histories of many of the patients indicate 
an allergic background. Each of the patients 
described in this paper had some evidence of 
pre-existing hypersensitivity in the form of 
urticaria of unknown cause or allergic reaction 
to sulfonamide or penicillin. The case reported 
by Katz and Auerbach?!’ showed sensitivity to 
iodide. In the case reported by Bloom and J. H. 
Rubin? the fact that the pulmonarv infiltrations 
appeared at the same time with the rheumatoid 
symptoms when the pleural fluid had resorbed 

'as suggestive to the authors of an anaphylactc 
reaction. The same sequence occurred in Case 11 of 
the present series. Leys and Swift? suspected that 
the factor of heredity and allergy explained the 
"rheumatoid disease" in their patient, a boy of 
ten. Ellman and Ball’ claim that the visceral and 
other lesions of “rheumatoid disease" may be 
explained by hypersensitivity manifestation in 
tissues. The factor of hypersensitivity in *rheu- 
matoid disease" has been discussed fully in a 
number of publications by Rich and Gregory!® 17 
and need not be reviewed here. 

Of particular significance in the cases analvzed 
in this report was the time relationship between 
the appearance of symptoms and signs of the 
"rheumatoid disease" and pulmonary manifesta- 
tions. In the vast majority the joint symptoms 
antedated the pulmonary manifestations. In a 
few the pulmonary symptoms appeared at the 
time of recrudescence of joint symptoms. On 
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rare occasion, as in Case 11 of the present series, 
acute joint and pulmonary manifestations ap- 
peared simultaneously at the onset of the disease. 
At times a nondescript pneumonia" or *'pleu- 
risy" preceded the joint symptoms for a brief 
period and with the appearance of swollen, 
painful joints the pulmonary disease appeared to 
become reactivated. The later course of events 
was often characterized by a parallelism in the 
symptoms referable to both joint and lung 
lesions. 

The chest x-ray findings in “rheumatoid dis- 
ease" are of major interest since the lung changes 
portray dynamic phases in the evolution of the 
process. At times the pulmonary infiltrations are 
transitory.*? The writer has not encountered any 
instance of remissions and exacerbations of 
pulmonary lesions demonstrable roentgeno- 
logically, but such occurrences may be expected 
if chest x-rays are taken frequently, especially 
during periods of recrudescence of the ‘“‘rheu- 
matoid disease." The most frequent expression 
of “rheumatoid disease" in the chest is as a 
pleuritis manifesting itself in small serous effu- 
sions; large collections of fluid are more apt to be 
associated with anasarca and to be caused bv 
cardiac failure. The frequent elicitation of a 
pleural friction rub on auscultation during life 
and the almost inevitable presence of fibrinous 
or dense pleural adhesions in biopsy or autopsv 
specimens has been referred to previously. 

The chest x-rays in ‘‘rheumatoid disease” 
usually show a bilateral, more or less symmetrical 
distribution of abnormal lung markings. The 
case reports, describing at autopsy circum- 
scribed granulomatous lesions in the lungs or 
pleura, either do not include chest x-ray illus- 
trations or only meager descriptions of the find- 
ings. The changes in the lungs are usually dis- 
covered accidentally at autopsv. One of the cases 
described by Christie! showed  roentgeno- 
logically a round, dense shadow 6 cm. in diam- 
eter in the right upper lobe. Autopsy revealed it 
to be a large granuloma with histologic features 
similar to those found in periarticular nodules of 
"rheumatoid disease." Once it is recognized that 
rheumatoid lesions in the lungs may duplicate 
similar lesions in joints and other parts of the 
body, the finding of localized disease in chest 
x-rays will undoubtedly receive greater attention 
in the future. 

The bilateral pulmonary mottlings seen 
roentgenologically in ‘“‘rheumatoid disease," 
as shown in the two lung biopsy specimens 
and in the autopsy findings described previously, 
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represent interstitial parenchymal changes re- 
lated to the underlying disease. The infiltrations 
may be sma_l and evenly distributed, simulating 
miliary tuberculosis,? or they may be of a 
nodular character affecting chiefly the mid and 
lower lung aelds, simulating sarcoidosis, inhala- 
tional dust disease or bronchogenic tuber- 
culosis,^* or they may be irregular, of patchy 
distribution simulating viral or bacterial bron- 
chopneumonia (Case m1 of present series). After 
subsidence of the acute stage of the disease, the 
markings assume a more linear configuration of a 
delicate or coarse reticular network such as one 
sees in lymphangitic carcinomatosis or diffuse 
interstitial fibrosis of the lungs (Cases 1, 1 and 
i of present series). In long-standing disease 
secondary bronchopneumonia and suppuration 
tend to obscure the basic pattern. There is no 
characteristac picture characterizing the pul- 
monary lesions in ‘‘rheumatoid disease." But if 
one views the chest x-ray appearances in the light 
of the histary, physical examination and labora- 
tory findimgs, one may discern in the film 
"roentgenclogic equivalents" in the sense that 
the gross and histologic findings offer ‘‘mor- 
phologic equivalents"'!? of similar conditions. 

Other features of rheumatoid disease" with 
special reference to pulmonary lesions will be 
described briefly under several subheadings. 

Collagen Diseases and ‘‘Rheumatoid Disease.” 
"Rheumatc:d disease" is commonly included 
among the so-called collagen diseases, although 
some question such a relationship.!? The colla- 
gen diseases constitute a group of disorders 
showing simular anatomic changes in the way of 
fibrinoid degeneration of connective tissue, 
also vascular and serous membrane involve- 
ments.??.?! One of the reasons which has given 
rise to doubt that "rheumatoid disease" is a 
member of the collagen group is the fact that 
disseminated lupus erythematosus, scleroderma, 
dermatomyositis and polyarteritis nodosa, the 
more prominent members, are also often accom- 
panied by arthritic, arthralgic and myositic 
symptoms. By the same token, however, it may 
be that in certain cases the joint involvement 
may constitute the major expression of the 
disease. 

Support for the probable existence of a 
"common denominator"?! between *'rheuma- 
toid disease” and the collagen group is obtained 
largely from indirect evidence. Cases have been 
described characterized by such blending of 
organ involvements,??7?* including the presence 
of “rheumatoid disease," as to provide at least 
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an index of suspicion that the latter is a com- 
ponent member of the collagen group. The 
results of experimental!®!? and histopathologic 
studies,?»7?? as well as the manner of response to 
hormonal treatment,???? have shown parallel 
features in one way or another for the majority 
of the group. But, as emphasized repeatedly by 
Klemperer,? the collective term, *'collagen 
diseases" includes a group of heterogeneous 
conditions which has in common a systemic 
alteration of connective tissue. This does not 
necessarily indicate a common cause. In fact, 
it would seem that the only incontestable 
link between the several members of the colla- 
gen group is that no cause is known. 
“Rheumatoid Disease’? and Rheumatic Pneu- 
monia. Although the inclusion of rheumatic 
pneumonia in this discussion may not seem di- 
rectly related to the subject, it may be pointed 
out that the pulmonary lesions of “rheumatoid 
disease” are not unlike those encountered in 
rheumatic pneumonia, including the frequent 
occurrence of pleurisy in both conditions. Some 
years ago Klinge*! expressed the belief that 
rheumatoid arthritis and rheumatic fever are 
one and the same. Dawson?? lent further support 
to this view by finding that the subcutaneous 
nodules in rheumatic fever and rheumatoid 
arthritis represent different phases of the same 
fundamental proces. Young and Schwedel?? 
found an extremely high incidence of rheumatic 
heart disease in rheumatoid arthritis, confirming 
previous pathologic studies.* Recently Kersley?* 
analyzed the histories of 750 cases of rheumatoid 
arthritis and found thirty-eight m whom the 
onset of the disease was so acute as to resemble 
rheumatic fever. In 10 per cent of the entire 
eroup there was a past history of the latter. 
Rheumatic pneumonia is an integral part of 
rheumatic fever, no less than :he articular, 
cardiac and other visceral involvements. Rare 
instances have been described of patients 
succumbing in the acute stage of rheumatic 
fever as a result of pulmonary involvement with- 
out significant cardiac involvement.?? There are 
also reports of patients who survived the pneu- 
monia and shortly thereafter developed signs of 
rheumatic carditis. The writer had occasion to 
follow the course of a girl ten years of age whose 
pulmonary and cardiac disease progressed 
simultaneously and rapidly to a fatal issue within 
a period of seven months. Signs of rheumatic 
heart disease and chamber enlargement, as well 
as diffuse infiltrations in both lungs which could 
not be ascribed to cardiac decompensation, 


appeared to run a parallel course. Autopsy 
revealed evidence of advanced valvular heart 
disease and rheumatic pneumonia.!* 

Noteworthy is the fact that the lung changes in 
rheumatic pneumonia and virus pneumonia 
have many features in common, including the 
presence of a hilar membrane, mononuclear 
cell infiltration, non-bacterial exudate, capillary 
engorgement and interstitial edema. It is not 
improbable, as suspected by some observers, 
that rheumatic pneumonia may often be mis- 
taken for a virus infection and that at least a 
small proportion of cases designated virus 
infection are instances of rheumatic pneumonia 
without outward manifestations.*® Muirhead 
and Haley’? report the case of a twenty-five 
year old white woman who had known healed 
inactive cardiac lesions and a peculiar inter- 
stitial pneumonitis concomitantly. The pneu- 
monitis was widespread, demonstrating a healed 
proliferative phase with extensive fibrosis and 
an active exudative phase. In addition, partly 
healed arterial lesions were observed in the 
lungs. The authors point out that this case 
offered an additional point of interest in that the 
pulmonary lesions resembled in certain respects 
the changes described by Hamman and Rich?* 
in their cases of diffuse interstitial pulmonary 
fibrosis. 

* Rheumatoid Disease’ and Diffuse Interstitial 
Pulmonary Fibrosis. In certain cases of diffuse 
interstitial pulmonary fibrosis of unknown 
etiology the disease may be due to failure of 
resolution with resulting organization of an 
acute interstitial pneumonia of the type com- 
monly known as primary atypical pneumonia. 

Auerbach, Mims and Goodpasture*” point 
out that solution of fibrin has long been held to 
be a function of enzymes derived from poly- 
morphonuclear leukocytes. Exudates which are 
rich in fibrin and poor in leukocytes are more 
apt to organize. These authors suggest that the 
widespread use of potent antimicrobial agents 
is contributing to a rising incidence of prema- 
ture organization of pulmonary exudates 
with resulting fibrosis of lung tissue. An addi- 
tional factor may be present in the allergic 
reactions which often accompany sulfonamide 
and penicillin treatment. Atypical pneumonias 
treated with antibiotics are not frequently 
associated with hypersensitivity reactions. The 
occasional encounter of diffuse interstitial fibro- 
sis of the lungs in certain collagen, hyperergic 
and *rheumatoid" disease suggests a related 
mechanism. 
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Roentgenologic and pathologic changes in 
the lungs of such cases are indistinguishable from 
those found in patients with ‘‘rheumatoid 
disease," and in patients with interstitial 
pulmonary fibrosis of the type described by 
Hamman and Rich.** The latter draw attention 
to the fact that Winternitz examined the 
specimens obtained from their patients and 
found a striking resemblance to that found in the 
lungs of animals during experimental investiga- 
üons on influenzal pneumonia. The lung 
biopsy specimens of the two cases discussed 
previously, as well as lung biopsy and autopsy 
material of a larger group of patients with diffuse 
interstitial pulmonary fibrosis,!? were reviewed 
on various occasions by Zimmerman?? and the 
latter expressed a similar opinion. 

Hamman and Rich also draw attention in 
their publication to a group of cases of ‘‘current 
bronchopneumonia of unusual character and 
undetermined etiology" reported by Kneeland 
and Smetana?! in which one of the cases cor- 
responded clinically and anatomically with 
theirs. In the particular instance, a woman of 
forty-seven, developed urticaria simultaneously 
with chills and blood-streaked sputum. The 
patient was found to have progressive broncho- 
pneumonia which was soon complicated by 
thrombophlebitis, anemia, hypoproteinemia and 
right-sided heart failure leading to death. At 
autopsy lesions were found in the pulmonary 
arteries suggestive of polyarteritis nodosa, in 
addition to diffuse interstitial pulmonary lesions 
characterized by a mononuclear cell exudate 
and a tendency to organization, also thicken- 
ing of alveolar septa and narrowing of alveolar 
spaces. The patient had received sulfapyridine 
and the vascular changes may have been related 
to the drug. 

Of particular significance is the fact that 
among the fifty-two patients with atypical 
bronchopneumonia described by Kneeland and 
Smetana*® was a group of six “in whom the 
clinical picture of a severe and prolonged 
bronchopneumonia was complicated by a 
variety of phenomena suggesting that tissues 
other than pulmonary alone were involved. 
Among these phenomena were migratory poly- 
arthritis, erythematous skin eruptions, slight 
enlargement of the spleen and lymph glands, 
jaundice, gross hematuria, fibrinous pericarditis 
and encephalitis. All six happened to be females 
and as these perplexing clinical panoramas 
unfolded themselves the notion kept recurring 
that there must be an associated element of 
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diffuse vascular disease of the type seen in 
disseminated lupus or periarteritis nodosa." 


ADDENDUM 


Since submitting this article, I have followed 
the course of a fourth patient with “rheumatoid 
disease" aad diffuse interstitial pulmonary 
fibrosis. A sixty-five year old woman was ad- 
mitted to the Medical Division of Montefiore 
Hospital (Dr. Louis Leiter, Chief) with a history 
of concurrent onset of joint pains, fever and 
acute respiratory symptoms diagnosed as pneu- 
monia in another hospital. The disease was of 
eight montas’ duration. The chest x-rays and 
lung biopsy specimen revealed a picture similar 
to that noted in the cases cited. Noteworthy was 
the fact that in this case the fine rales heard 
throughout both lungs, which were ascribed 
to fibrinous pleurisy, probably originated in the 
alveolar spaces since the small bronchioles 
showed no histologic abnormalities while the 
alveolar spaces showed focal atelectasis. The 
blood vessels were unremarkable. The specimen 
showed only minimal thickening of the visceral 
pleura. 

SUMMARY 


“Rheumatoid disease" is a more descriptive 
term than raeumatoid arthritis since the condi- 
tion affects various parts of the body including 
the locomotor system. The disease may be 
associated with pulmonary lesions which are 
part of the same disturbance. The pulmonarv 
lesions mav simulate acute atypical pneumonia, 
acute rheumatic pneumonia or acute, diffuse 
interstitial pulmonary fibrosis. In some cases 
these several manifestations represent one and 
the same disease. 
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Philadelphia, Pennsylvania 


ELATIVELY little has been published re- 
garding liver function in patients with 
sickle cell anemia.! Clinical descriptions 

occasionally refer to the occurrence of some form 
of *hepatitis" or "evidence of increasing 
hepatocellular damage" in this disease.?? In 
many instances chronic enlargement of the liver 
has been noted and transient hepatomegaly 
often occurs during crises. The frequent findings 
of bilirubinuria and high values for direct- 
reacting serum bilirubin* suggest that hepatic 
involvement is common. In recent years clinical 
and laboratory evidence of liver dysfunction in 
patients with sickle cell anemia has been at- 
tributed to viral hepatitis, particularly in those 
who have received many blood transfusions.° 
In at least twelve of fifteen patients with sickle 
cell anemia, Fenichel, Watson and Eirich’ noted 
non-specific abnormalities of the electrophoretic 
pattern for serum proteins similar to those which 
occur in viral hepatitis and portal cirrhosis. 
The observations of these authors as well as the 
findings’ in two of our patients with sickle cell 
anemia suggested that at least some of the 
hepatic dysfunction in this disease might be a 
manifestation of the sickle cell anemia itself. 
Therefore, further investigations were under- 
taken in an attempt to determine the nature of 
the liver changes associated with this disease. In 
addition to clinical, biochemical and electro- 
phoretic studies, histologic and histochemical 
observations were made on liver tissue obtained 
by needle biopsy from four patients. After these 
investigations had been started an excellent 
report on the clinical and biochemical findings 


in fifty patients and autopsy studies of twenty-one 
was published by Green, Conley and Berthrong.” 
They concluded that the hepatic disease present 
in some of tneir cases seemed to be a specific 
manifestatior of sickle cell anemia and could 
not be explained on any other basis. 


METHODS 


Biochemical Determinations. ‘The following bio- 
chemical determinations were made: total and 
direct-reactimg serum bilirubins,? blood glu- 
cose,!^ serum alkaline phosphatase,!! cephalin- 
cholesterol flocculation test, '?:!? thymol turbidity 
test,!* thymo. flocculation test,'® serum colloidal 
gold reactior.!* (Boerner reagent'’), scarlet red 
test,'* serum albumin and globulins and total 
serum proteins,'? serum amylase?’ and lipase,*! 
urine bilirubin’? and urobilinogen.???^* Brom- 
sulfalein retention?? was also determined. For 
two patients duplicate determinations of serum 
fatty acids,** phospholipids?” and total and free 
serum cholesterol’ were made in the Research 
Laboratory. Jefferson Medical College, under 
the direction of Dr. I. J. Pincus. The cholesterol 
ester fraction noted in Table 1 was calculated by 
subtracting the free from the total cholesterol 
value. The remaining serum lipid determina- 
tions were made at the Graduate Hospital. 
These incluced total serum lipids?’ and total 
serum cholesterol and esterified fraction.*® The 
free cholesterol was calculated as the difference 
between the total and ester values. 

As indicated in Table vr, most biochemical 
determinatioas for patient no. 4 were made at the 
Philadelphia General Hospital. These included 


* From the Department of Medicine, Graduate Hospital, University of Fennsylvania, and the Banting and Best 
Department of Medical Research, University 5f Toronto. 
t Senior Medical Research Fellow, National Researca Council Canada. 
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total and direct-reacting serum  bilirubins,* 
total and free serum cholesterol,?! total serum 
proteins, albumin and globulins,?? cephalin- 
cholesterol flocculation,'* thvmol turbidity!? and 
thymol flocculation!* tests, serum alkaline 
phosphatase?? and bromsulphalein retention.?* 
Urine bilirubin** and twenty-four-hour urinary 
urobilinogen excretion?* were determined. 

Serum proteins were studied bv paper electro- 
phoresis.’ Electrophoretic analyses of three 
samples of serum and one of plasma (with 
heparin added as anticoagulant) were carried 
out in an Aminco-Stern universal electro- 
phoresis apparatus. * The samples were diluted 
with barbiturate buffer of ionic strength, 0.1 
and pH 8.45 at 21°c. The determinations were 
made at 2°c. in the standard cell having a cross 
sectional area of 0.75 sq. cm. The optical system 
included a cylindrical lens. 

Histologic and Histochemical Methods. The 
technic of liver biopsy and the histologic and 
histochemical methods employed during this 
investigation have already been described in 
detail.’ The liver tissue obtained by needle 
biopsy was aspirated into cobalt-formal-calcium 
solution and fixed in either this er 80 per cent 
ethanol. Frozen and paraffin sections were 
prepared as required. For histologic studies the 
following staining methods were employed: 
hematoxylin and eosin, a modification of the 
Mallory stain for connective tissues and a silver 
technic for reticulin. Histochemieal procedures 
included Oil Red 0 and Sudan Black B for 
lipids in general, Nile Blue sulfate for the differ- 
entiation of acidic and neutral lipids, the acid 
hematein test for phospholipids and phos- 
phatidic acids, the periodic acid-Schiff's reac- 
tion with amylase-treated controls for glycogen, 
the Feulgen reaction and pyronin-methyl green 
staining with appropriate enzyme-treated con- 
trols for desoxypentose and pentose nucleic acids, 
respectively, and a modification of Perls’ test for 
iron-containing pigments. 


CASE REPORTS 


Case 1. R. G., a twenty-one year old 
Negress, was admitted to the Graduate Hos- 
pital, November 30, 1952, because of lower 
abdominal pain and jaundice. She stated that 
on May 4, 1952, she gave birth to a normal 
child and that because of anemia she had 
received two blood transfusions before delivery 


* (Model 5-8000 of the American Instrument Co.. 
Silver Spring, Md.) 


and one after it. About two months later she 
first noticed that her eyes were jaundiced. There 
was no associated pain, anorexia, fever or 
pruritus. Her urine became dark and her stools 
were brown. The icterus increased progres- 
sively; however, she felt well enough to con- 
tinue her housework. During September, 1952, 
she began to experience sharp, shooting pains 
in her arms and legs, across her lower abdomen 


just above the symphysis pubis and across her 


lower back. This intermittent pain persisted 
for about one week and then subsided spon- 
taneously. During the night before admission 
it returned with greater intensity than pre- 
viously and was more marked in the lower 
extremities. This episode persisted for approxi- 
mately twenty-four hours. Associated with it 
were malaise, generalized weakness and once, 
vomiting. 

Every few months since childhood she had 
experienced episodes of sharp, shooting pains 
in her arms and legs. She had always been thin, 
felt weak and, compared with her friends, had 
undue shortness of breath on exertion. There 
was no history of exposure to hepatotoxic or 
hemotoxic drugs or of previous jaundice. She 
drank beer only occasionally. There was no 
family history of anemia, jaundice or vague 
chronic illness. 

She was 5 feet 4 inches tall, and weighed 
110 pounds. Her sclerae were deeply icteric. 
The retinal veins were tortuous. The heart 
was normal in size. The blood pressure was 
122/65 mm. Hg. Her liver was palpable 2 cm. 
below the costal margin in the mid-clavicular 
line on inspiration. Its edge was round and not 
tender. There were no other relevant, abnormal 
physical findings. 

Her hemoglobin concentration was 8.5 mg. 
per 100 ml. blood, white cell count 36,600 per 
cu. mm. with 84 per cent neutrophils. Periph- 
eral blood smear showed many sickle and target 
cells and 35 normoblasts per 100 white blood 
cells. Anisocytosis, poikilocytosis, polychromato- 
philia and Howell-Jolly bodies were noted. A 
sternal bone marrow smear showed a marked 
increase of cells, especially normoblasts and 
pronormoblasts, and a moderate shift to the 
left of granular leukocytes. A diagnosis of 
sickle cell anemia in crisis was made. The 
sickling test was subsequently found positive. 

The day following admission only slight arm 
pain persisted. After this subsided there was no 
further recurrence of pain. Although malaise 
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and weakness were prominent for the next three 
days, she was comfortable and her appetite in- 
creased slightly. She received a total of 3,500 ml. 
of blood between December 3rd and Decem- 
ber 14th. Her temperature which was 101°r. 
on November 30th, rose to 105°r. on Decem- 
ber Ist, fell to 102°r. for two days and remained 
elevated at about 100-101?r. until Decem- 
ber 13th, following which, with the exception 
of an occasional rise to 99.6°F., it remained 
normal. 

Because the reticulocyte count had decreased 
to 4.8 per cent on December 13th and was only 
3 per cent nine days later, it was considered 
that the hemolytic process had largely sub- 
sided. She felt much better and ate more of the 
highly nutritious diet prescribed. Deep icterus 
persisted. The sedimentation rate (Wintrobe) 
on December 3rd was 13 mm. per hour. The 
blood Wassermann and Coombs tests were 
negative. One and two plus albuminuria ac- 
companied the hemolytic crisis. 

The presence of a hyperplastic bone marrow 
and of marked reticulocytosis in a patient with 
sickle cell anemia permitted the diagnosis of a 
hemolytic type of jaundice with certainty. 
However, it was impossible to attribute the 
icterus solely to the hemolytic process. The 
level of serum bilirubin, particularly of the 
direct-reacting fraction, and the presence of 
bile in the urine caused consideration to be 
given to another pathogenetic mechanism for 
the jaundice. Choledocholithiasis was the only 
extrahepatic cause given serious consideration. 
Her recent pregnancy, the known high incidence 
of cholelithiasis in sickle cell anemia, the high 
levels of serum alkaline phosphatase and the 
normal flocculation tests observed during cer- 
tain phases of her illness lent some support to 
this hypothesis. An associated intrahepatic rather 
than posthepatic icterus was favored by such 
features as the absence of abdominal pain at the 
onset of icterus, the history of blood trans- 
fusions two months before (suggesting viral 
hepatitis), the absence of pain referable to the 
biliary tract at any time during her illness and 
the abnormal cephalin-cholesterol flocculation 
test on admission. In spite of the high incidence 
of gallstones in sickle cell anemia, no report of 
jaundice due to calculous obstruction could be 
found in the literature. However, Henderson? 
and Green, Conley and Berthrong? have each 
reported one case in which stones were demon- 
strated in the common duct at autopsy. 
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The consensus clinically favoured hepato- 
cellular disease rather than extrahepatic ob- 
struction occurring in association with the 
hemolytic process of the sickle cell anemia 
crisis. 

On December 27th her liver was just pal- 
pable at the costal margin on deep inspiration. 
A needle biopsy was taken at 9:30 a.m. after 
she had been fasting for twelve hours. Venous 
blood was withdrawn between 9:05 and 
9:20 A.M. The results of some of the laboratory 
determinations on this specimen and of other 
studies throughout hospitalization are recorded 
in Table 1. Tire blood sugar concentration was 
99 mg. per cent and the serum amylase and 
lipase values were 109 mg. per cent and 0.8 ml. 
N/20 NaOH, respectively. Electrophoretic anal- 
ysis (Table 11) of the plasma revealed that the 
amount of fibrinogen was reduced. It was 
probably even less than the value given in the 
table because the pattern was difficult to inter- 
pret in the fbrinogen region. There was a 
reduction in aloumin and an increase in gamma 
globulin in bosh serum and plasma. 

Microscopic examination of the biopsy speci- 
men (Figs. 1 and 2) revealed disruption of 
normal liver architecture. There was diffuse, 
parenchymal cell degeneration, which was more 
marked in some regions, and areas of necrosis, 
which varied in size, showed no special zonal 
distribution and were only sometimes associated 
with mononuclear cell infiltration. The sup- 
porting reticulin of the necrotic areas had 
collapsed. There was slight mononuclear cell 
infiltration of portal areas. Bile pigment was 
found in the parenchymal cells and especially 
where degeneration and necrosis were prom- 
inent. Canalicular bile plugs were common, 
especially centrilobularlv. In addition to the 
areas of necrosr, focal areas of “atrophy” were 
also found. The sinusoids were not widened. 
In some sites ghosts of red blood cells were 
present in clumps. Kupffer cells were prom- 
inent and filled with bile pigment. 

She continued to improve and the icterus 
diminished considerably. On January 21, 1953, 
cholecystography revealed a cluster of radio- 
opacities of calcific density which were con- 
sidered to represent biliary calculi in a 
nonfunctioning gallbladder. There were no 
radiologic abnormalities in her chest, skull or 
long bones. The electrocardiogram was com- 
patible with left ventricular hypertrophy. 

On February 4th a second liver biopsy was 
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taken after fifteen hours’ fasting. The results of 
laboratory determinations made on blood drawn 
five hours before the biopsy are noted in 
Table r. The serum amylase and lipase values 
were 126 mg. per cent and 0.7 ml. N/20 NaOH, 
respectivelv. She was discharged the day fol- 
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with glycogen in the first but not in the second 
one. Nuclear glycogen vacuolation was absent. 
In both specimens the amounts of nuclear 
desoxypentose nucleic acids but not cytoplasmic 
pentose nucleic acids appeared to be reduced. 
Small amounts of hemosiderin were found in 







































































TABLE r 
RESULTS OF ELECTROPHORETIC ANALYSIS OF SERUM AND PLASMA SAMPLES 
Per cent of Total Protein 
Pais Sample and Potential C s AJ Rau Mobil- 
Boundary Gradient | | | ity 
Albumin — ei-Globulin | a2-Globulin | -Globulin Fibrinogen y-Globulin | 
| | 
—— — OS — n es e aiti fae — es x: 
v/cm. 
| | Serum: Ascdz. | 6.21 45.2 4.14 | 71.96 15.9 26.7 0 KI 7.09 
Desde. | | 42.3 5.38 | 46 15.0 28.8 0.82 6.44 
— — fe! — = f I rex ——À—M 
| | | 
PRSE OO 6.49 | 43.2 (19.8)! | 11:2 | 8.2 IFT 6.68 
—— ——— | ———————— | ———————— ——— | | — — = = — — | 
| | | 
H | Serum: Ascdg. | 6.54 | 32.1 10.51 | 15.15 | 3.67 | (X 12.85)? 26.9 0.47 6.64 
| Desdg. | 36.1 y E | 15.2 | 7.33 | ("X^ 14.15)! 19.9 0.56 6.36 
— ——— a ~~ | PE "anat -—c t =i = 
| » I 
tmr | Serum: Ascdg. | 649 | 47.1 5.14 | $7.5 9.09 | CA” 8.7)* 13.05 0.89 | 6.75 
| | | ("*Y" 9.09)? | 
Descg. 44.9 5.88 4.2 8.4 ("X 6.73)" 19.03 0.82 6.47 
| | | pum 16 05)? | | 
- - = — - — | —— —,; — | - - - |————— ——— 
Normal Values | | | 
Serum? 56.841 5] 7.23:1.2| 8[? £ 1.5 | 12:8 € 2.3 1 cece cess 14.4 + 2.4 | 1.33 + 0.18 
Plasma’ 59. 6.7 8.8 8 9.1 1.68 


11.0 | 4. 





! Value is for ai- and a@2-globulins together. 


? “X”? represents a component having a mobility intermediate between a2 and §-globulins. 


m 
i Values are from Reiner, Fenichel and Stern (1950). 
5 Values are from Deutsch and Goodloe (1945). 


lowing the biopsy, feeling well but slightly 
icteric. 

The lobular architecture was normal in the 
second biopsy specimen. (Figs. 3 and 4.) The 
outstanding change was the persistence of sev- 
eral focal lesions of parenchymal cells which 
had undergone degeneration and disintegration 
and had pyknotic nuclei. In most of these areas 
there were small collections of lymphocytes and 
monocytes. There were other small focal lesions, 
often mid-zonal, in which there was a “‘falling 
out" of cells. There was no portal inflammation. 
The sinusoids were dilated but no engorgement 
or clumping of red blood cells was present. 
Kupffer cells were prominent and contained 
moderate amounts of iron-con:aining pigment. 
There was no increase in connective tissue. The 
arteries were normal. 

The histochemical observations for both 
biopsy specimens are summarized in Table ri. 
Lipid studies were not made on the first one. 
Minimal amounts of acidic lipids, however, 
were found in the second specimen. The cyto- 
plasm of the parenchymal celis was well filled 


represents a component having a mobility intermediate between 8- and y-globulins and may be fibrinogen 


the parenchymal cells, especially degenerated 
ones, and larger amounts in the Kupffer cells. 

There were certain clinical features which 
made it difficult to accept a diagnosis of viral 
hepatitis. Her icterus had persisted over a 
period of five months prior to hospitalization. 
The episodes of pain experienced two months 
before admission could have been associated 
with crises of sickle cell anemia and the pain 
which led to hospitalization most certainly was. 
Icterus persisted for two months in the hospital, 
making a total period of seven months of 


jaundice and, at the time of her discharge from 


hospital, her serum bilirubin was still elevated. 
The first liver biopsy findings revealed hepato- 
cellular damage evidenced by areas of paren- 
chymal cell degeneration and necrotic ones 
which were predominantly focal. These histo- 
logic findings are not specific for any disease. 
The evidences of bile retention, especially bile 
thrombi in canaliculi, are compatible with 
obstruction, either extra- or intrahepatic, or 
parenchymal disease. In the second biopsy, 
taken about six weeks after the first, focal 
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Fic. 1. Patient No. 1; first liver biopsy. At one end of a «mous channel there 
is a small area of parenchymal cell necrosis (arrow). Adjecent to it is a larger 
area of parenchymal cell necrosis and degeneration asseciated with mono- 
nuclear cell infiltration. Canalicular bile plugs are seen; paraffin section 
(7 micra); hematoxylin and eosin; X 260. 


Fic. 2. Patient No. 1; first liver biopsy showing an area af parenchymal cell 
necrosis and degeneration with adjacent liver cord disorganization. Canalicu- 
lar bile plugs are prominent. Paraffin section (7 micra hematoxylin and 


eosin; X 260. 


parenchymal lesions persisted. If this patient 
had viral hepatitis associated with her hemo- 
lytic jaundice, it would be difficult to know 
when during her seven-month period of jaun- 
dice it played a part unless one is willing to 
accept that it was present throughout the 
entire course of her illness. Although impos- 
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sible to exclude viral hepatitis, it was felt that 
the hepatic caanges were due to some other 
cause. Drugs. 5acterial infections or other agents 
could not be mcriminated. It was considered, 
therefore, that the hepatic disease might be 
causally related to the sickle cell anemia itself. 

Case rm. R. B., a forty year old Negro was 
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Fic. 3. Patient No. l; second liver biopsy. A focal lesion consisting of degenerat- 
ing and necrotic parenchymal cells with mononuclear cell infiltration. There 
is dilatation of sinusoids and Kupffer cell prominence. Paraffin section 
(7 micra); hematoxylin and eosin; X 260. 


TABLE III 
LIVER BIOPSIES—HISTOCHEMICAL OBSERVATIONS! 
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Lipids? Glycogen? | Nucleic Acids? Iron Pigment 
Casc | E o] I dd | mE nd 
Cent | cm | Cyopleanie| Nese pta, | EX. | er | ren 
(12/27/52, Lacan ead | ej | 4 unif. 0 | 4 1 3 
| | 2/4/53. | lr, v. idR | 0 214 unif. 0 | 1 Lud 3 | lr. | 3 
lg., ac., centr. | 
H l | pf. ir., SM; 0 316 unif. 0 20 o l l 3 3 | | 3 
neut., scat. | | 
«ns | o |o o9 |o|o|o!| w o 
o IV 0 B D | 3 anit: | E | pi | 3 | 24 | a 








! Grading of observations for lipids, glycogen, nucleic acids and iron pigment, ranges from 0 to 4 and includes within 
the interval 0-1, v.f. tr. (very faint trace), f. tr. (faint trace) and tr. (trace). 
? Lipids: Separate data are given for cytoplasmic fat droplets and for fatty cysts as follows: 
Size: v.sm.—very small; sm.—small; lg.—large 
Reaction: ac.—acidic ; neut.—neutral 
Distribution within hepatic lobules: centr.—central; scat.—scattered 
3 Glycogen: Cytoplasmic: Distribution: unif.—uniform; Nuclear: Percentage of nuclei containing some glycogen. 
* Nucl. D.N.A.—Nuclear desoxypentose nucleic acid. 
Cyto. P.N.A.—Cytoplasmic pentose nucleic acid. 
* Little tissue present making the histochemical observations, in parentheses, of limited value. 
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Fic. 4. Patient No. 2; first liver biopsy showing clumps of erythrocytes a» widened sinusoids. Some of the red cell 
clumps are bordered by nuclei of Kupffer cells which are prominent. Paraffin section (7 micra); hematoxylin and 


eosin; X 420. 


Fic. 5. Patient No. 2; second liver biopsy. There are bands of cellular coznective tissue and adjacent degenerated 
parenchymal cells. An arteriole with marked narrowing of the lumen is seen in the left lower corner. Paraffin 


section (7 micra); hematoxylin and eosin; X 110. 


admitted to the Graduate Hospital on March 1, 
1948, because of episodes of dull, non-radiating, 
mid-epigastric pain lasting two to three days a 
week, of one year’s duration. The pain usually 
occurred one or two hours after breakfast and 
the noon meal, and was associated with nausea, 
vomiting and generalized weakness. There were 
no alleviating or aggravating factors. In Septem- 
ber, 1947, the pain increased in frequency until 
it occurred daily. Nausea and vomiting dis- 
appeared. He had noticed intermittent scleral 
icterus since 1946 and it had become constant 
three or four months prior to admission. There 
was no fever or pruritus. His stools were brown 
and, since June, 1947, the urine had been 
darker than previously. Despite a good appe- 
tite, he had lost 20 pounds in weight during the 
year before admission. No other abnormalities 
were elicited on systemic review. There was 
no history of alcoholism. 

Examination revealed a 5 foot 6 inch tall, 
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moderately well nourished, gracile male. His 
sclerae wer? icteric. The retinal veins were 
quite tortucus. The heart was enlarged to the 
anterior axillary line in the sixth interspace. 
There was a grade 3 systolic murmur at the 
apex. The Hood pressure was 120/80 mm. Hg. 
His liver was palpable in the mid-clavicular 
line about four finger breadths below the right 
costal margin. There was a small superficial 
pretibial uicer on his left leg. No other abnor- 
malities on physical examination were found. 
The hemoglobin was 8.0 gm., the red cell 
count was 2,040,000 per cu. mm., reticulocytes 
2.6 per cent. white cell count 8,300 per cu. mm. 
Sickling, polychromatophilia and nucleated 
erythrocytes were noted in the smear of periph- 
eral blood. A diagnosis of sickle cell anemia was 
made. There were many sickled erythrocytes 
and markedly active normoblastic erythro- 
poiesis in the bone marrow. The direct Van den 
Bergh react on was 1.68 mg. per cent and the 
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total, 3.3 mg. per cent. The blood Wassermann 
was negative, serum amylase 30 mg. per cent 
and serum lipase, 0.1 ml. N/20 NaOH. The 
results of other laboratory tests on this and 
subsequent admissions are given in Table iv. 
Radio-opacities 2 mm. in diameter were scat- 
tered throughout both lung fields: there was a 
moderate degree of left ventricular enlargement 
and slight prominence of the pulmonary conus 
sector. The trabecular pattern of the vertebral 
bodies was coarser than normal. A markedly 
deformed duodenal cap with a constant fleck in 
the mid-portion was interpreted as an active 
ulcer. Cholecystography and x-rays of the 
skull and long bones were normal. The elec- 
trocardiogram showed non-specific T wave 
changes. Gastric analysis following an Ewald 
test meal showed 22 units free acid at seventy- 
five minutes. 

On March 3, 1948, chills and fever to 104.8?r. 
followed the administration of 500 ml. of blood. 
Following medical management, the duodenal 
ulcer healed radiologically. He was discharged 
on April 19, 1948. 

On February 27, 1950, he was readmitted for 
blood transfusions. He had had only a mild 
exacerbation of epigastric pain in June, 1949. 
The findings on examination were similar to 
those on the previous admission except that his 
liver could not be palpated in spite of radiologic 
evidence of moderate hepatomegaly. The blood 
presure was 112/70 mm. Hg. Seven 500-ml. 
blood transfusions were given. [The PPD test 
no. 1 was positive and the histeplasmin test 
negative. He was given a bland diet. A liver 
biopsy was taken after he had been fasting for 
approximately twelve hours. He was dis- 
charged on March 15, 1950. 

Some of the histologic findings are illus- 
trated in Figure 4. There was marked sinu- 
soidal widening which caused the liver cords 
to appear prominent. There were clumps of 
erythrocytes in sinusoids and some were en- 
gulfed in Kupffer cells. Except for very occa- 
sional, small focal lesions in which liver cells 
appeared to be atrophic or to have “fallen 
out," the parenchymal cells were normal. There 
was slight periarterial thickening. Very little 
pigment, probably hemosiderin, was present 
in Kupffer cells and in some parenchymal cells. 
However, no studies with specia! stains were 
made. Some nuclear *ballooning," suggestive 
of glycogen vacuolation, was present. There 
was no increase in fibrous tissue. 


On February 2, 1953, he was readmitted for 
blood transfusions. Since discharge in March, 
1950, he received a total of 8,000 ml. of blood 
because of anemia. There had been one recur- 
rence of duodenal ulcer in the interim. On 
one occasion the liver could no longer be pal- 
pated. On this admission he was asymptomatic 
and weighed 120 pounds (17 per cent under- 
weight). The blood pressure was 124/78 mm. 
He. The liver was grossly enlarged, extending 
to 10 cm. below the right costal margin in the 
mid-clavicular line and 8 cm. below the level of 
the xiphoid. Its edge was round, firm and not 
tender. Its surface was smooth. Physical find- 
ings were otherwise unchanged. A coarsened 
trabecular pattern at the distal end of the 
humerus and at the proximal end of the ulna 
were demonstrated radiologically. He received 
the routine ward diet. On February 5th a needle 
biopsy of his liver was taken at 10:40 A.M. after 
he had been fasting for approximately twelve 
hours. Venous blood was withdrawn at 9:36— 
10:40 A.M. The results of the biochemical studies 
are recorded in Table rv. Other determinations 
performed on the same blood sample included 
serum amylase and lipase which were 89 mg. 
per cent and 0.4 ml. N/20 NaOH, respectively. 
Qualitative paper electrophoretic studies of the 
serum from this patient did not reveal any ab- 
normalities; however, electrophoretic analysis 
showed a reduction in the albumin and beta- 
globulins. (Table 11.) A new component (“X”), 
between the alphas- and beta-globulins, was 
present in considerable amount. He was dis- 
charged on February 12, 1953. 

Microscopic examination of the biopsy speci- 
men revealed several interesting findings. (Figs. 
5 and 6.) There were cellular connective tissue 
scars in areas without distinct distribution and 
an increase in periportal connective tissue. The 
parenchymal celis adjacent to the fibrous 
tissue were degenerated. The cytoplasm of many 
parenchymal cells appeared coarsely granular 
and some contained bile pigment. As shown in 
Figure 6, there were some focal areas of de- 
generated hemosiderin laden parenchymal cells. 
There were also occasional small focal areas of 
liver cell degeneration and focal areas where 
liver cells appeared to be undergoing resorption. 
The walls of some of the arteries were thickened 
and this change involved adventitial and intimal 
regions. The lumen of one vessel shown in Fig- 
ure 5 was considerably narrowed. ‘The sinusoids 
were dilated and contained some clumps of red 
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Fic. 6. Patient No. 2; second liver biopsy. In the center of the photograph is 
a small focal area of degenerated hemosiderin-laden pasenchymal cells. The 
remainder show marked granularity due to hemosice-in. Paraffin section 
(7 micra); hematoxylin and eosin; X 110. 


blood cells. The Kupffer cells were more promi- 
nent than in the first specimen and were filled 
with iron-containing pigment. Occasionally, 
they bordered the red blood cell clumps. The 
most significant change was the slight but 
definite presence of portal cirrhosis. 

The histochemical observations on the second 
biopsy specimen are recorded in Table mr. 
Very faint traces of neutral lipids were found in 
some of the parenchymal cells all of which con- 
tained large amounts of glycogen. Considerable 
variations in the incidence of nuclear glycogen 
vacuolation was noted. There might have been 
some reduction in the amount of nuclear 
desoxypentose nucleic acids but not in the cyto- 
plasmic pentose nucleic acids. There were 
moderate amounts of hemosiderin in both the 
parenchymal and Kupffer cells but not in con- 
nective tissue scars. Some bile pigments were 
present in parenchymal cells. 

Case mn. G. L., a fifty-one year old Negro, 
was admitted to the Philadelphia General 
Hospital on February 28, 1952. He had been 
"weak and sickly” all his life but had no serious 
illnesses until January 30, 1952, when he was 
admitted to a hospital in an unconscious state. 
He was discharged on February 19, 1952, with a 
diagnosis of glomerulonephritis. On the day 
before admission to the Philadelphia General 
Hospital he remained in bed because of weak- 
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ness. About s x hours after admission he devel- 
oped a severe headache and shortly thereafter 
became semi-comatose. There was no history of 
alcoholism. 

He was lethargic, confused and barely co- 
herent. His temperature was 98.6°F., pulse rate 
80 per minute and blood pressure 220/110 mm. 
Hg. There was grade 2 hypertensive retinopathy. 
The apex beat was in the fifth interspace, 
11.5 cm. to the left of the mid-sternal line. There 
was a grade 2 apical systolic murmur. His liver 
was palpable ane fingerbreadth below the costal 
margin in the right mid-clavicular line. There 
was weakness of the left leg and arm, and with 
the exception of the right upper abdominal 
reflex, the cremasteric and abdominal reflexes 
could not be elicited. The remainder of the 
examination was normal. His spinal fluid was 
clear and had 2 pressure of 220 mm. water. 

The weakness of the left arm and leg cleared in 
twenty-four hcurs and the confusion in ap- 
proximately ome week. Two days after admis- 
sion considerable itching of his skin developed. 
At this time the sclerae were noted to be 
icteric. 

His hemoglobin was 8.1 gm., white blood cell 
count 8,600 per cu. mm., reticulocytes 5.1 per 
cent and there was positive sickling on the 
peripheral blood smear. There was three plus 
albuminuria, 5 to 7 leukocytes and 3 to 5 
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hyaline casts per high power field. The con- 
centration test revealed a fixed specific gravity 
of 1.010. Phenolsulfonthalein excretion was 5 per 
cent in fifteen minutes. The blood urea nitrogen 
was 31 mg. per cent and the Wassermann test 
was negative. X-ray studies showed a prominent 
left ventricle. He was discharged on March 21, 
1952, with a diagnosis of hypertensive encepha- 
lopathy, chronic pyelonephritis, anemia due 
to toxic suppression of the bone marrow and a 
sickling tendency. 

In June, 1952, he was readmitted because of 
jaundice and pruritus. For the preceding two 
months he had experienced episodes of severe, 
colicky, right upper quadrant pain which, 
during the past three weeks, had been referred 
to the right subscapular region. No alleviating 
or aggravating factors were observed. There was 
an intolerance of fried and fatty foods. For the 
previous two weeks there had been pruritus, 
light brown stools and dark urine, and anorexia 
for one week. He gave a history of angina of 
effort, and for the preceding two weeks had 
noticed swelling of his feet and abdomen. 

The physical findings were the same as those 
on the earlier examination except that his blood 
pressure was 145/70 mm. Hg and his neck veins 
were distended. The liver was palpable two to 
three fingerbreadths below the costal margin in 
the right mid-clavicular line. Its edge was firm 
and smooth. There was moderate ankle edema. 
The stools were light brown. His hemoglobin 
was 5.6 gm. and there were sickled and nucleated 
erythrocytes on the peripheral blood smear. A 
diagnosis of sickle cell anemia was made. Renal 
function studies were similar to those on the 
previous admission. The electrocardiogram was 
compatible with a diagnosis of left ventricular 
strain secondary to hypertension. A flat film of 
the abdomen revealed numerous ealcified stones 
in the gallbladder region. During this admission 
there were several episodes of diffuse abdominal 
pain which were each of approxmnately twenty 
minutes’ duration, unaccompanied by other 
symptoms and relieved by oxygen. He was given 
three blood transfusions and discharged Septem- 
ber 3, 1952. Some of the more relevant labora- 
tory findings during this and subsequent 
admissions and outpatient visits are recorded in 
Table v. 

Several weeks after discharge, he felt progres- 
sively weaker, had frequent nose bleeds, and 
there was an occasional recurrence of the 
abdominal pains previously experienced. Ankle 
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edema persisted. During the next few months 
there was persistent icterus with total serum 
bilirubin values ranging from 3.71 to 5.97 mg. 
per cent. The hemoglobin varied from 6.3 to 
7.9 gm. 

On December 1, 1952, he was readmitted 
because of dyspnea on slight effort, frontal 
headaches and ocular pain with blurring of 
vision. His appetite and dietary intake had been 
poor for one month and he had vomited two or 
three times weekly during the preceding three 
weeks. The vomitus did not contain blood. His 
stools were black but contained no frank blood. 
He was listless and lethargic but in no acute 
distress. He was 5 feet 4 inches tall and weighed 
107 pounds. His sclerae were icteric. There was 
some distention of the neck veins. The tender 
liver edge was palpable two fingerbreadths be- 
low his costal margin im the right mid-clavicular 
line. The remainder of the physical findings were 
the same as on previous examinations. Radiolog- 
ically, his stomach and duodenum were normal. 
The gallbladder could not be visualized by 
cholecystography but there were numerous, 
faceted, calcific stones in the gallbladder area. 
In view of the history and x-ray findings he 
was considered for cholecystectomy but rejected 
because of the serious operative risk. It was 
difficult to be certain whether hepatocellular 
disease or choledocholithiasis was present in 
addition to the hemolytic jaundice. 

On February 23rd, the liver was three finger- 
breadths below the costal margin in the mid- 
clavicular line and four fingerbreadths below the 
xiphoid process. Its edge was sharp, round, 
smooth and moderately tender. The spleen was 
not palpable. There was no jugular venous 
distention. A liver biopsy was performed at 
8:55 a.m. after he had been fasting for twenty 
hours. Venous blood was withdrawn for tests 
between 8:44 and 8:58 a.m. A very small 
specimen of liver tissue was obtained which did 
not permit adequate histologic interpretation. 
Paper electrophoretic studies of serum proteins 
revealed no abnormalities. The results of 
electrophoresis by the Tiselius method are 
recorded in Table ir. The amount of albumin was 
somewhat reduced. The new component noted 
in the serum of the patient in Case rr was also 
present but in smaller amount. There might also 
be a small amount of fibrinogen present. The 
serum amylase level was 211 mg. per cent and 
serum lipase 1.1 ml. N/20 NaOH. 

On March 5, 1953, he experienced an attack 
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of severe, sharp bilateral abdominal pain below 
his umbilicus. Peristalsis was hyperactive. 
There was no rigidity or guarding. For the 
following two weeks he had clay-colored stools. 
On March 25, 1953, the findings on examination 
of his liver were the same as at the time of the 
first biopsy. A second biopsy was performed at 
8:45 A.M. after he had been fasting for approxi- 
mately fifteen hours. Again, only a small 
specimen was obtained. Blood for laboratorv 
tests, the results of which are recorded in Table 
v, was taken between 8:43 and 8:53 a.m. The 
blood sugar concentration was 81 mg. per cent. 

The striking change on microscopic examina- 
tion of the specimens obtained at both biopsies 
was the presence of abnormal amounts of 
fibrous tissue. (Fig. 7.) There was not enough 
tissue to determine the type of cirrhosis with 
certainty but the distribution of the connective 
tissue favored portal cirrhosis. In the paren- 
chymal and Kupffer cells there were large 
deposits of pigment which gave a positive 
reaction for iron. Hemosiderin was also present 
in the fibrous tissue. There was only a little 
parenchymal cell degeneration and the involved 
cells were adjacent to the connective tissue. No 
apparent, striking pathogenetic relationship 
between degenerating iron-laden parenchymal 
cells and the formation of fibrous tissue was 
present as in Case iv. The sinusoids were widely 
dilated. In some areas they were filled with 
clumped red blood cell masses. A large area of 
parenchymal cell necrosis was found adjacent 
to an area where the engorgement of sinusoids 
by clumps of red blood cells was marked. (Fig. 
8.) Kupffer cells were only slightly prominent. 

Histochemical observations performed on the 
tissue obtained at the first biopsy are recorded in 
Table rr. Because of the meager amount of tissue 
upon which these are based they are of little 
real value. The cytoplasm of the few cells which 
could be studied contained moderate amounts 
of glycogen. No nuclear vacuolation was noted. 
Nuclear desoxypentose nucleic acids but not 
cytoplasmic pentose nucleic acids may have 
been reduced in amount. 

Case Iv. E. G., a twenty-five year old 
Negress, was first admitted to the Graduate 
Hospital, April 12, 1949. During the preceding 
evening she began to experience a dull, constant 
throbbing, pain in the left upper quadrant of the 
abdomen. This increased in severity, spread 
over the entire abdomen, then gradually 
subsided on the morning of admission. Residual 
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discomfort remained in the right upper quadrant 
for a few days, accentuated by motion. Enquiry 
and subsequent reports from other hospitals 
revealed that at the age of two years a moder- 
ately severe anemia and sickling of her red blood 
cells had been discovered. She received blood 
transfusions for anemia at the age of eleven 
years. Splenomegaly was discovered at this 
time. Wher she was twelve years old she was 
observed in a crisis of sickle cell anemia with 
generalized pains, fever to 103?r. and marked 
anemia. Frem the age of twelve to nineteen years 
she had twenty hospital admissions, mostly for 
blood transfusions. Hematologic studies at the 
age of nineteen years showed that the hemoglo- 
bin was 5.4 gm., red cell count 1,330,000 per 
cu. mm., white cell count 15,000 per cu. mm. and 
the presenc? of marked red blood cell sickling. 

Intermittent throbbing pains of short dura- 
tion in varying parts of her body as well as 
episodes of scleral icterus had been recurring 
for as long as she could remember. Climbing 
one flight o! stairs resulted in weakness and some 
dyspnea. Ankle edema had been present nightly 
for about five years. 

Her past history included an illness diagnosed 
as rheumatc fever at the age of five years with 
swollen, ter der joints of the fingers, wrists and 
knees. One brother was receiving care for sickle 
cell anemia in this hospital. 

She was well developed and well nourished, 
alert, cooperative and in only mild discomfort. 
Her temperature was 101°F., pulse rate 102 per 
minute, bleod pressure 120/70 mm. Hg. The 
apex beat was palpable in the anterior axillary 
line in the fifth left interspace. There was a 
grade 3 shrill, blowing systolic murmur at the 
aortic area and a grade 1 systolic murmur at the 
apex. Generalized guarding and tenderness of 
the abdomen, especially in the right lower 
quadrant, was present. Rebound tenderness was 
moderate nd generalized and peristalsis was 
hypoactive. Apart from venous congestion of the 
retinal vessels, there were no other findings on 
examination. The hemoglobin was 6.0 gm., red 
blood cell count 2,040,000 per cu. mm., and 
reticulocytes 15.1 per cent. The blood smear 
revealed marked erythrocyte sickling, poly- 
chromatophilia, nucleated red blood cells and 
Howell-Jolfy bodies. A diagnosis of sickle cell 
anemia in crisis was made. During the next two 
days her symptoms and fever subsided. A plain 
film of the abdomen showed evidence of slight 
hepatomegaly. An x-ray of the chest revealed 
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.—teticulocytes; W.B.C.—white blood cells; CCF—cephalin cholesterol flocculation; TT—thymol turbidity; TF—thymol flocculation; SCG—scarlet colloidal gold; SR—scarlet red; Shin.—Shino- 


* Abbreviations: Retic 


wara; Bod.—Bodansky. 


y of Dr. I. J. Pincus, Jefferson Medica! College. Those indicated by f were performed at the Graduate 


** Determinations indicated by parentheses in teste “Related to Lipid Metabolism” were performed in the laborator 


Hospital. All other determinations were made at the Philadelphia General Hospital. 


moderate cardiac enlargement due to right and 
left ventricular hypertrophy. An electrocardio- 
gram showed first degree heart block, and low T 
waves in leads 1, 2, 3 and CR4, 5 and 6, probably 
indicative of myocardial changes secondary to 
anemia. She received 1,000 ml. of blood prior to 
her discharge on April 16, 1949. 

From April 16, 1949, to March 31, 1953, there 
were eight hospital admissions for the treatment 
of abdominal crises, two of which were severe. 
During each of these admissions she received 
1,000 to 3,090 ml. of blood. During the four- 
year period between April, 1949, and her most 
recent admission, she received approximately 
500 to 1,00€ ml. of blood every month, and for a 
period she received transfusions every two 
weeks. In spste of this the hemoglobin and red 
blood cell counts were usually low, as may be 
seen in Table vi in which are recorded the 
results of some of the laboratory determinations 
during the four-year period of observation. 

She was readmitted to the hospital for trans- 
fusion on March 31, 1953. Her mucous mem- 
branes appeared pale otherwise she looked well. 
Her weight was 120 pounds, height 5 feet 
7 inches and she was approximately 17 per cent 
underweight. The blood pressure was 120/85 
mm. Hg, temperature 99°F., pulse rate 85 per 
minute. The Ever was considered to be enlarged 
but the edge. which was thought to be just 
above the level of the umbilicus in the right 
mid-clavicular line, could not be felt with 
certainty. Her heart was enlarged but to a 
lesser degree than on the first examination, and 
the murmurs were less intense. 

On April 1. 1953, after eleven and one-half 
hours of fasting, a liver biopsy was performed at 
8:20 A.M. Bloed for tests was drawn from her 
antecubital vein between 8:15 and 8:25 A.M. 
The biopsy was performed without difficulty and 
a good specimen was obtained. A complication 
followed which has been reported elsewhere. *® 
The results of the biochemical determinations at 
the time of biopsy are recorded in Table vr and 
of the electrophoretic analyses of serum proteins 
in Table mu. Serum amylase and lipase values 
were 143 mg. per cent and 2.2 ml. N/20 NaOH, 
respectively. The blood sugar level was 101 mg. 
per cent. 

Microscopic examination of the liver tissue 
obtained by needle biopsy revealed a striking 
picture. (Fig. 9.) There were massive amounts of 
pigment which gave a positive reaction for iron. 
It was present as fine granules or droplets 
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Fic. 7. Patient No. 3; high power view of fibrous tissue and adjacent degenerated parenchymal 
cells. In both the parenchymal cells and connective tissue are fine deposits of hemosiderin. 
Paraffin section (7 micra); hematoxylin and eosin; X 560. 


Fic. 8. Patient No. 3. Adjacent to the area of parenchymal cell necrosis, there are many dilated 
sinusoids that are filled with clumped red blood cell masses (indicated by arrows). Paraffin 
section (7 micra); hematoxylin and eosin; B and G filters; X 350. 
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Fic. 9. Patient No. 4. Near the center of the photomicrograph is a focal area of degen- 
erated parenchymal cells heavily laden with hemosiderin. In the upper left and lower 
right corners, fibrous replacement of the involved cells is prominent. Plugs of hemosiderin 
are seen in canaliculi, and Kupffer cells are filled with this pigment. Paraffin section 
(7 micra); hematoxylin and eosin; B and G filters; X 110. 


in almost all of the parenchymal cells, in the 
Kupffer cells, and as plugs in the canaliculi. 
Focal areas of parenchymal cells containing iron 
were prominent. They showed no distinct 
zonal distribution. Frequently, bands of con- 
nective tissue, in which were deposits of iron, 
radiated from these sites to the portal areas. 
Deposits of hemosiderin were also prominent 
in the portal areas in which there was an increase 
in connective tissue. There were varying degrees 
of degeneration of parenchymal cells adjacent 
to connective tissue areas. Of interest were the 
deposits of iron in the arterial walls. There were 
only occasional small focal lesions in which 
parenchymal cells had *fallen out." Mallory 
stain revealed an increase in connective tissue 
of the portal areas and in areas in which iron- 
laden, degenerating parenchymal cells were 
replaced by fibrous tissue. The sinusoids were 
moderately dilated. No sinusoidal red cel! 
clumps such as described in Case ri were found. 

As recorded in Table rr, histochemical studies 
revealed no lipids in the biopsy specimen. The 
cytoplasm of the parenchymal cells contained a 
moderate amount of glycogen. About 1 per cent 
of the nuclei were vacuolated. There was 
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probably ne reduction in cytoplasmic pentose 
nucleic acids. Massive deposits of hemosiderin 
filled the parenchymal and Kupffer cells. No 
bile pigmen's could be seen. 


COMMENTS 


Liver Funcson Tests. Abnormal results for one 
or more of tae “‘liver function tests," suggesting 
hepatic dysunction, occurred in all of our 
patients. An increase in the serum concentration 
of. direct-reacting bilirubin was almost always 
noted wher hyperbilirubinemia was present 
and, in the absence of extrahepatic obstruction, 
was attributed to hepatic parenchymal involve- 
ment. A similarly high incidence of elevated 
direct reacting serum bilirubin levels has been 
reported bv others. Thus of a total of fifty-one 
routine serum bilirubin determinations made by 
Henderson: in fifty-four patients with sickle cell 
anemia, twenty exhibited elevation of the direct- 
reacting bilrubin. Positive indirect reactions 
predominated during quiescent phases of the 
disease. Marked increases in direct-reacting 
bilirubin were associated with the largest 
and most oainful livers although elevation 
of the indirect fraction also accompanied 
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hepatomegaly. Henderson suggested that when 
cholelithiasis is excluded the presence of direct- 
reacting bilirubin suggests associated ‘‘chol- 
angiolar dysfunction." Green? and his co- 
workers observed that in some patients very 
marked elevation of serum bilirubin occurred on 
occasion, usually during crises. Their cases also 
showed a significantly high proportion of 
increased direct-reacting bilirubin levels, bili- 
rubinuria and marked evidence of hepatic 
dysfunction. 

Although Wintrobe?? has stated that ‘‘remis- 
sions in this disease are never of such degree that 
no icterus was present," our patient in Case Iv 
had normal direct-reacting and total serum 
bilirubin values on several occasions throughout 
the four-year period of observation in this 
hospital. Increased urinary urobilinogen excre- 
tion due to hemolysis, hepatic disease or both 
occurred at varying periods during the illness 
of all but the patient in Case iv. Bilirubinuria 
was demonstrated in Cases 1 and u. It is likely 
that had urinalyses been performed at ap- 
propriate times the remaining patients also 
would have exhibited bilirubin and excess 
urobilinogen excretion. In those with marked 
*cholangiolar damage" studied by Henderson? 
there was a fall in the fecal urobilinogen excre- 
tion, whereas, without evidence of liver damage, 
the fecal urobilinogen was high. 

The almost constant finding of hypoalbumin- 
emia in Cases 1, 11 and iv, and the frequently de- 
creased levels in Case 111 is significant and prob- 
ably indicative, for the most part, of hepatic 
dvsfunction. Serum globulin values varied. They 
were usually elevated in Case 1 but usually nor- 
mal in the others. However, hyperglobulinemia 
was present in the fourth patient at the time of 
her liver biopsy and in the patient in Case ri 
when his second biopsy was taken. In this small 
group of patients there appeared to be no 
relation between the occurrence of sickle cell 
crises and the presence of hyperzlobulinemia. 
Because the method used for fractionating 
serum proteins may not give adequate separation 
of albumin and globulins, the results of the 
serum proteins studied by the Tiselius method 
performed in three of the patients are of interest. 
As noted in Table i, there was a decrease in the 
proportion of albumin and an increase in 
globulins. Among the globulins, the gamma frac- 
tion was the one most consistently elevated 
although some increase in the alpha» fraction 
was noted in one patient (Case 1) and in the beta 
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fraction in another (Case 11), while there was a 
tendency for the alpha; globulin to be decreased 
in all three. These observations generally agree 
with those reported by Murphy and Shapiro*® 
for one case and by Fenichel, Watson and Eirich* 
for fifteen cases of sickle cell anemia studied 
electrophoreticallv. These abnormalities of serum 
proteins are relatively common in various dis- 
eases, especially those with some accompanying 
impairment of liver function such as acute 
hepatitis or cirrhosis.**~** Similarly, the occur- 
rence of a fraction with a mobility between 
the alpha» and beta globulins has been noted 
in other diseases. It is associated with serum 
lipids and may represent lipoprotein.*? Fenichel, 
Watson and Eirich? believed that the changes 
in the serum proteins found in their cases were 
secondary to the general disease process, 
especially in the liver, caused by the sickle cell 
anemia. 

Following the initial abnormal cephalin- 
cholesterol flocculation test (forty-eight hours) 
in Case r, all subsequent determinations were 
normal. The results of this test were normal 
in the second and fourth patients and varied 
throughout the course of the illness in Case rr. 
The initial thymol flocculation test was ab- 
normal in Case 1 and the thymol turbidity was 
subsequently only minimally elevated on one 
occasion. All other determinations of these and 
the serum colloidal gold and scarlet red tests 
were normal. There was no correlation between 
serum protein disturbances and abnormalities 
in these *turbidity and flocculation" tests 
performed on the same bloods taken at the 
times of biopsy. The importance of serial 
determinations in assessing liver function tests is 
apparent from a study of the findings in our first 
patient. It is difficult to appraise reports dealing 
with abnormalities of these tests unless there is 
some indication of the number performed and 
their relation to the illness. 

Serum alkaline phosphatase levels fluctuated 
but were usually elevated in three of the four 
patients. There was no constant relation be- 
tween the levels of this enzyme and the histologic 
hepatic abnormalities or other biochemical 
findings. Before ascribing elevations in serum 
alkaline phosphatase to liver disease, the possi- 
bility that bone lesions are present must be 
considered. Radiologic evidence of bony in- 
volvement was present in only one patient 
(Case 11). Because osseous changes in patients 
with sickle cell anemia may not be radiologically 
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evident, it is still possible that these were present 
in the other two patients studied. Unless the 
possibility of bony involvement is considered, 
the use of serum alkaline phosphatase determina- 
tions in conjunction with turbidity and floccula- 
tion tests to establish a differential diagnosis 
between hepatic and posthepatic jaundice may 
result in incorrect interpretations. When eleva- 
tions of serum alkaline phosphatase levels are 
due to liver disease, it is of interest to postulate 
that one mechanism for the raised values may be 
canalicular narrowing and obstruction conse- 
quent to sinusoidal widening which is so com- 
mon a finding in this disease. 

As may be noted in Tables 1, rv, v and vi, 
some abnormality of serum lipids existed in all 
four patients. In view of the small number of 
patients and the complex problems associated 
with the interpretation of serum lipid levels in 
relation to primary liver dysfunction, no con- 
clusions can be drawn. 

Bromsulfalein retention was borderline in 
Case 1 but considerably increased in the other 
three patients. However, the elevation in the 
patient in Case m must be considered in relation 
to the hyperbilirubinemia extant when the 
bromsulfalein retention was determined. The 
frequent elevation of serum amylase and lipase 
levels in our patients is of interest, as occurring 
in a disease whose abdominal manifestations 
may be confused with acute primary pancreatitis. 

Histologic Findings. ‘The occurrence of “in- 
terstitial fibrosis’*® and of cirrhosis has been 
described in patients with sickle cell anemia. 
Green, Conley and Berthrong® found advanced, 
nodular cirrhosis in four of twenty-one patients 
with sickle cell anemia at autopsy. Two of these 
were considered to be of the postnecrotic variety 
and two were not classified. There were trivial 
pigment deposits in two of the cirrhotic livers 
but one contained large amounts of iron-positive 
pigment in the parenchymal and Kupffer cells 
without pigmentation of the scar. Three of our 
patients had cirrhosis. Of these, one (Case rv) 
had hemochromatosis which was probably 
related to multiple blood transfusions. A case 
of exogenous hemochromatosis in a child with 
sickle cell anemia has been described by Frumin 
and Miller.* In the first liver biopsy specimen of 
the patient in Case n in whom portal cirrhosis 
developed over a period of three years, there 
were moderate amounts of iron-containing pig- 
ment in the parenchymal and Kupffer cells but 
none in the fibrous tissue scars. Although there 
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was insufficient tissue to make a diagnosis of the 
type of cirrhosis with certainty in Case m, it 
was considered to be portal in type. The paren- 
chymal cells were well filled with hemosiderin 
and small amounts of iron-containing pigment 
were also present in the connective tissue scars. 
Although, urlike the patient in Case rv, no 
striking relation between degeneration and 
necrosis of iron-laden parenchymal cells and 
fibrosis was evident, the possibility that the 
cirrhosis was ~elated to hemosiderosis, the result 
of breakdowr of exogenous and/or endogenous 
red blood celts, cannot be excluded with cer- 
tainty. If in Case im hemosiderosis was not the 
initiating cause, it might have acted as an 
accelerating tactor in the development of the 
cirrhosis. The possibility that hepatocellular 
damage may occur should be considered when 
multiple tranzfusions are used in an attempt to 
maintain higaer levels of hemoglobin in this 
disease. 

In Case r1 there was no history of alcoholism, 
deficient diet 5r other known factors that might 
have played a role in the development of cir- 
rhosis. The distary intake of the patient in Case 
nr was considered inadequate and may possibly 
have played :ome role. As has been noted by 
Green et al.,? chronic anemia would not appear 
to be an impcrtant factor in the pathogenesis of 
cirrhosis. Nor did chronic congestive failure 
appear to be related to the cirrhosis in our cases. 
The absence of intratrabecular fatty cysts in 
Cases u and a1 makes it unlikely that a fatty 
liver antedated the cirrhosis. It is not possible 
to exclude ar element of viral hepatitis with 
consequent cirrhosis in our three patients. It is 
possible, however, that the portal cirrhosis in 
these patients may be unrelated to any known 
pathogenetic factor. Certainly this is true of 
many patients without sickle cell anemia. 

Varying degrees of hepatic parenchymal 
degeneration and/or necrosis were found in our 
cases irrespect.ve of other pathologic conditions 
present. Green et al.? have reported the occur- 
rence of tiny :ocal or large lesions where liver 
cells had beem lost, focal necrosis of the liver 
parenchyma, -entrilobular necrosis, as well as 
diffuse atroph* most noticeable in central zones. 
Small focal Fepatic necroses have also been 
noted by Diggs and Jones.* Scattered large foci 
of necrosis of the liver have been described in a 
patient with sickle cell anemia by Kimmelstiel.*° 
No vascular ccclusion was found and he con- 
cluded that tke lesions were the result of acute 
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vascular spasm. The occurrence of severe wide- 
spread necrosis has also been repcrted by Green 
et al? Our findings in liver bropsy material 
permit a more accurate interpre-cation because 
of the elimination of possible alterations due to 
terminal states or postmortem changes. 

Focal hepatic parenchymal leszons: were pres- 
ent in all of our cases. These varied in type, size 
and number. None showed a distinct zonal 
relation. Some were small and appeared as if a 
few liver cells “had fallen out; In some the 
parenchymal cells were degenerated and the 
nuclei were pyknotic. In some focal areas 
necrosis was evident. (Fig. 3.) Eeticular stains 
usually revealed collapse of tae supporting 
reticulin. Similar small focal parenchymal 
lesions have been also described in patients 
with portal cirrhosis, diabetes mellitus and in 
other liver diseases." 

In patients with sickle cell anemia, several 
possible causes for these focal -esions deserve 
consideration. It is considered too that the 
various focal lesions may have independent 
causes and may vary in significarce. The role. of 
iron-containing pigment as a cause of focal 
parenchymal degeneration has already been 
noted. . 

Engorgement of dilated hepatic sinusoids by 
red cell clumps was present in pztients in Cases 
Il, mi and rv and in the second biopsy of the first 
patient. The most striking exemple of focal 
hepatic necrosis apparently related to ischemia 
occurred in our Case m. As demonstrated in 
Figure 8, the sinusoids surrounding much of this 
focal necrotic lesion were obstruzted by masses 
of clumped red cells. It is conceivable that lesser 
degrees of parenchymal cell d2generation or 
necrosis might also result from sinusoidal block- 
ades by masses of clumped red cells. It is proba- 
ble that this cause of focal parenchymal necrosis 
occurs only in sickle cell anemia. 

That Kupffer cells, engorged by phagocytosed 
erythrocytes, might also result in sinusoidal 
obstruction has been suggested by Green, 
Conley and Berthrong.? Kupffer cell prominence 
of varying degree was a constan: finding in our 
patients and was most marked in Cases m and 
iv. Usually the cytoplasm of the Kupffer cells 
was filled with débris, some of which stained 
as hemosiderin. Their nuclei sometimes bordered 
the clumps of red cells, which appeared to have 
been phagocytosed. However, clumps of red 
cells in sinusoids were usually unassociated with 
Kupffer cells, and extreme prorrinence of these 
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Shagocytes sufficient to cause sinusoidal ob- 
truction or sinusoidal widening as described by 
reen et al.’ did not appear to be a feature of our 
ases. 

It is conceivable that the marked and unex- 
5lained narrowing of small arteries in our patient 
n Case n might predispose to thrombosis espe- 
cially in the presence of sickle cell disease. 
It is of interest to postulate that in this patient 
che cardiac enlargement unassociated with 
a3ypertension, the pulmonary lesions and the 
3epatic cirrhosis might all be related to vascular 
changes similar to those found in the liver. 
However, the excellent collateral circulation 
within the liver would make it seem unlikely 
-hat partial arrest of the circulation in only some 
Df the vessels of this size would account for the 
parenchymal changes noted. As has been indi- 
sated, a more plausible explanation for some 
5f the parenchymal changes found is the occur- 
rence of vascular obstruction more distally, in 
the hepatic sinusoids, by masses of sickled red 
ells. 

It is conceivable that if the focal lesions are 


. large and particularly when necrosis is striking, 


as illustrated in Figure 8, collapse of the support- 
ing reticulum followed by fibrosis may super- 
vene. It is considered likely that the absence of 
any distinct zonal distribution and the recur- 
rence of these lesions might favor the develop- 
ment of a multilobular cirrhosis. However, 
in the limited tissue provided by needle biopsy 
r:0 definite relationship could be shown between 
any of the focal lesions and the development of 
cirrhosis in these patients. 

In addition to the possible vascular causes of 
the parenchymal lesions, it is interesting to 
postulate that during crises and/or periods of 
hemolysis, a “toxic agent," possibly liberated as 
the result of an antigen-antibody reaction, may 
£ct as a hepatotoxin and be responsible for some 
of the parenchymal changes described, such as 
occurred in our first patient. 

Histochemical Observations. ‘The histochemical 
findings in the liver biopsies of all four patients 
are essentially the same. (Table m.) In the 
cytoplasm of the parenchymal cells one noted 
mere traces of demonstrable lipids or none at all, 
moderate to large amounts of uniformly 
distributed glycogen and large amounts of 
pentose nucleic acids. In their nuclei, there may 
have been some decrease in the content of 
desoxypentose nucleic acids. 

The results of the histochemical tests revealed - 
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no significant or characteristic change in the 
liver in sickle cell anemia. Correlations could not 
be established between the histochemical ob- 
servations and the various biochemical findings 
for this small group of patients. 

In most textbooks of pathology severe anemia 
has long been stated to be a cause of fatty 
degeneration in various organs, including the 
liver. Moreover, the tendency to stasis and the 
obstruction of sinusoids by sickled cells is a 
further complication in this form of anemia. 
Even so, hepatic fatty metamorphosis was 
negligible in our cases as well as in those reported 
by Green, Conley and Berthrong.? This may be 
related to the chronicity of the disease and its 
onset in early life. The negligible amounts of 
histochemically demonstrable liver lipids is also 
of interest since the patients had been fasting 
for about twelve hours when the biopsies were 
taken. In view of previous observations,’ this 
may be considered unusual and possibly reflect 
another effect of sickle cell anemia on hepato- 
cellular function. 

The individual differences in cytoplasmic 
glycogen are not remarkable and are such as 
might be anticipated for any group of subjects 
studied under the same conditions. The occur- 
rence of glycogen within the parenchymal cell 
nuclei in two of the patients is abnormal but 
may be encountered in a variety of liver dis- 
orders.^:?! [ts cause remains unknown. Consider- 
ing that the tissues were fixed in ethanol, usually 
for several days, the observations on nucleic acids 
are probably unreliable*5?* even though con- 
sistent. 
pentose nucleic acids in the cytoplasm, how- 
ever, suggest ample cytoplasmic protein despite 
disturbances in plasma proteins suggestive of 
hepatocellular dysfunction. 


SUMMARY 


Clinical and biochemical studies and histologic 
and histochemical observations on liver tissue 
obtained by needle biopsy were made on four 
patients with sickle cell anemia. There was one 
instance of hepatitis, one of hemochromatosis 
and two of portal cirrhosis. Serial liver function 
tests were performed in each case. The signifi- 
cance of the tests in this disease 1s discussed and 
the importance of serial determinations is 
indicated. Because osseous involvement in the 
absence of radiologic evidence may occur in 
sickle cell anemia, the serum alkaline phospha- 
tase test is of limited value as an aid in differen- 
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tiating jaurdice of hepatic from posthepatic 
origin. Hypsalbuminemia and hyperglobuline- 
mia, with elevation of the gamma fraction and a 
decrease in the alpha; globulin values, were the 
most consistent serum protein alterations. 

The findirg of elevated serum amylase and 
lipase values in this disease is of interest in view 
of its abdom_nal manifestations which may be 
confused witk. acute primary pancreatitis. 

Hepatitis in one patient was thought to be a 
manifestatior of the sickle cell disease fer se. 
Focal parerchymal lesions were found in the 
liver of this patient during the recovery stage and 
in the liver specimens of the other three patients. 
They variec in type and in size. The possible 
causes of the:e changes are discussed. Ischemia, 
the result o? sinusoidal obstruction by red cell 
clumps, would appear to be the most likely 
cause of some of them. That some of the 
parenchymel changes may be due to a “‘hepato- 
toxin" associated with sickle cell crises deserves 
consideratior. 

The likelinood that some of the necrotic 
lesions, wher prominent and repeated, may be 
followed by cirrhosis as another hepatic mani- 
festation of sickle cell anemia is noted. The 
precise role 5f iron-containing pigment in the 
pathogenesis of the cirrhosis in one of our patients 
is in doubt. Femochromatosis in one patient was 
unquestionably related to multiple blood trans- 
fusions. Tke possibility of hepatic damage 
consequent t» multiple blood transfusions given 
to maintair hemoglobin levels in this disease 
deserves consideration. 

Histochemical studies revealed no or only 
mere traces 5f demonstrable lipids in the cyto- 
plasm of the parenchymai cells. This is of inter- 
est in view cf the anemia extant in these patients 
who were fasting at the time of biopsy. No 
characteristic changes in glycogen or nucleic 
acids were fcund. 
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Glycogen Metabolism and the Diseases of - 


Glycogen Storage’ 
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St. Louis, Missouri 


acterized by enlargement of the liver and 

kidneys with extensive deposition of glyco- 
gen in these organs.' Followinz the original 
description of glycogen storage disease, some 
fifty additional cases reached th2 literature by 
1946,2 and many more have been diagnosed 
and reported since.? Although the disease is 
relatively rare, the nature of the Cerangement in 
carbohydrate metabolism has assumed consider- 
able interest for both the b:ochemist and 
clinician. 

Schoenheimer* showed that the glycogen 
isolated from von Gierke's originzl case could be 
degraded by minced normal human liver, 
demonstrating the likelihood thet the diseased 
liver is deficient in a fundamenzal mechanism 
required for glycogen degradat.on. However, 
systematic approach to the study of the disorder 
was not possible until relativel? recent years 
since the accumulation of biockemical knowl- 
edge concerning the enzymatic processes in- 
volved in the synthesis and cegradation of 
glycogen in the body was necessary. Particularly 
outstanding contributions to this feld have 
been made by Carl and Gerty Cori but other 
workers have shared in the development of this 
fundamental knowledge.’ 

Central to the entire system o2 carbohydrate 
metabolism are the processes of glycogenesis and 
glycogenolysis, that is, the formation and break- 
down of glycogen. These reactioas, in as much 
as they influence the availability of glycogen, 
affect the overall metabolism of tne organism in 
a profound way such as (1) maintaining the 


I 1929 von Gierke described a disease char- 


blood sugar level for cerebral and other vital 
organ functions, (2) making available sources of 
energy for other synthetic processes (protein and 
fat) and (3) providing a store of reserve energy 
which may be made available in times of stress 
(starvation). Therefore, disorders of metabolism 
which limit the availability of glycogen exert 
far-reaching effects demonstrable chiefly as 
hypoglycemia and impaired protein synthesis 
and erowth. 

It is the purpose of this paper to consider the 
metabolism of glycogen in the normal individual 
in the light of newly developed biochemical 
concepts. With this as background, attention will 
be directed to the diseases of glycogen storage, 
and an attempt will be made to correlate the 
clinical, biochemical and pathologic observa- 
tions with a view toward a more complete 
understanding of the nature of tbe defects in 
these disorders. 


GLYCOGEN METABOLISM IN THE NORMAL SUBJECT 


Molecular Structure and Distribution of Glycogen. 
Glycogen or animal starch is a branched 
polysaccharide composed entirely of glucose 
units. These units are arranged in chains with 
linkege between the first and fourth carbon 
atoms of adjacent units. Branch points of the 
molecule are established with linkage between 
tne first and sixth carbon atoms. The molecule 
has been compared to a tree with a single free 
glucose unit (reducing end) and successive 
tiers of non-reducing units in the 1—4 linkage. 
The tiers are the result of successive and increas- 
ing numbers of branch points. (Fig. 1.) This 


* From the Departments of Medicine and Preventive Medicine, Washington University School of Medicine, and the 
Barnes Hospital, St. Louis, Missouri. 
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concept of structure has been presented by 
G. T. Cori? and its formulation is the result of a 
series of ingenious ‘studies concerning the 
enzymatic mechanisms of synthesis and stepwise 
degradation of glycogen. Molecular weight of 
the branched molecule is polydisperse and is of 
the order of one to four million or greater.? 


AT 
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Fic. 1. The glycogen molecule as depicted by G. T. 
Cori. Open circles are alpha 1-4 glucosidic links 
and solid circles are 1-6 links. Segment at the branch 
point is enlarged to show structure. 


Glycogen formation occurs in practically 
every tissue of the body. Liver and muscle, 
however, are major sites of metabolism. Al- 
though small quantities may be found in most 
tissues, it is only in the liver and muscle that 
significant quantities are found. It is difficult if 
not impossible to state the normal range of 
concentration for liver and muscle glycogen 
since autopsy and biopsy specimens are subject 
to rapid glycogen breakdown. The nutritional 
status of the organism influences the level 
markedly and the degree of sympathetic nervous 
activity (epinephrine) alters the level. The 
capacity of the liver to store glycogen is not 
unlimited, and in rabbits fed high carbohydrate 
diets a glycogen level greater than 18 to 20 per 
cent is not exceeded, although under these con- 
ditions fat accumulates.? It is noteworthy, how- 
ever, that in her studies of human glycogen Cori 
found concentrations ranging from 0.56 to 4.6 
per cent in normal infant liver and 0.56 to 0.96 
per cent in muscle specimens.!? 

Synthesis and Degradation of Glycogen. Ingestion 
of a variety of carbohydrates including glucose, 
fructose, galactose, and mannose lead to the 
deposition of glycogen in the liver. (Fig. 2.) 
Glucose is phosphorylated at the expense of ATP 
by the enzyme hexokinase, and the product 
glucose-6-phosphate is transformed by phos- 
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phoglucomutsse to glucose-1-phosphate, which 
is the primar substrate from which glycogen is 
formed. Fruc:ose is similarly phosphorylated by 
fructokinase and the fructose-6-phosphate de- 
rivative is corverted by oxoisomerase to glucose- 
6-phosphate =nd hence to glucose-1-phosphate 
which gives -ise to glycogen. Mannose is also 


ae scene ee E ine 
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Fic. 2. Enzymatic reactions involved in glycogen syn- 
thesis and degradation in liver. 


phosphorylated to the 6-phosphate and in the 
presence of a phosphomannose-isomerase and 
oxoisomerase is converted to an equilibrium 
mixture of tae 6-phosphate esters of fructose 
and glucose. Galactose is phosphorylated to 
galactose-1-paosphate by its specific kinase, 
after which a second enzyme system, Walden 
inversion enz-me, in the presence of a coenzyme 
uridine-di-ph»sphoglucose converts the product 
to glucose-1-phosphate.!! Other metabolites are 
capable of farming glycogen if conversion to 
glucose-1-phesphate can be achieved. In this 
category are lactic acid, amino acids, propionic 
acid and gycerol. Following formation of 
glucose-1-pkesphate, synthesis of the glycogen 
molecule succeeds by a progression of enzymatic 
reactions. Phosphorylase acts to remove the 
phosphate group from glucose-1-phosphate and 
attaches the bared first carbon atom to the 
fourth carbca of a glucose residue on the 


‘glycogen nidus.!? This addition occurs on the 


non-reducing end of the molecule. In this way 
successively longer 1-4 glucose chains are 
added. This reaction is reversible and the direc- 
tion, that is, glycogen synthesis as opposed to 
breakdown, is dependent on the ratio of 
inorganic p-osphate to glucose-1-phosphate. 
At pH 7.0 eynthesis occurs if more than one 
mole of gluccse-1-phosphate per three moles of 
inorganic phosphate are in contact with the 
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enzyme. Thus a high level of inorganic phos- 
phate favors glycogen breakdown. When the 
chain has been lengthened to a critical level of 
eight glucose residues, the molecule becomes the 
substrate for the second enzyme known as the 
: branching enzyme, which transfers the alpha 1—4 
lnkage to an alpha 1-6 linkage, estabhshing 
a branch point of the molecule. Larner? very 
clearly demonstrated that this enzyme is 
indeed a transglucosidase by showing that on 
incubation with brancher glycogen containing 
C labeled 1—4 linkages developed 1—6 linkages 
which were labeled with C!*. In this way the 
glycogen molecule is synthesized. 

Still another enzyme is required for degrada- 
tion of glycogen since brancher activity is not 
reversible. This enzyme is called debrancher, 
has been isolated from muscle and liver! and 
causes hydrolytic cleavage of the 1-6 linkage, 
liberating glucose. It can only act, however, 
after phosphorylase, in the presence of inorganic 
phosphate, has systematically removed the 
1—4 linked glucose residues from the outermost 
tier, converted these to glucose-1-phosphate and 
bared the branch points or the 1—6 links. Cori!5 
has shown that phosphorylase degrades glycogen 
. to a product called limit dextrin or LD wherein 
the outermost tier of glucose residues is removed 
to the branch points. Then debrancher acts and 
the penultimate tier becomes the outermost 
tier. Thus, by a series of orderly reactions the 
glycogen molecule is degraded. Because of the 
reversibility of the mutase enzyme the product, 
glucose-1-phosphate, is converted to glucose-6- 
phosphate. In liver and kidney this ester is 
split by a specific glucose-6-phosphatase to free 
glucose and inorganic phosphate, while in 
muscle, which lacks this phosphatase, the 6-ester 
is converted almost entirely to lactic acid or is 
oxidized. Free glucose liberated in the liver 
enters the blood stream, and in this way the 
importance of this phosphatase reaction for 
maintenance of a normal concentration of blood 
sugar may be seen. 

Glycogen in the Fetus. Since certain of the dis- 
orders of glycogen metabolism are known to be 
familial and present at birth, it is of interest to 
consider the information available concerning 
the various glycogenic enzymes in the fetus. 
Studies of glycogen formation in the liver of the 
fetal guinea pig have demonstrated that three 


distinct phases are involved: (1) No glycogen is - 


demonstrable in the liver before the fifty-seventh 
day of the sixty-six day gestation period. (2) 
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. Glycogen accumulates rapidly in the liver from 


the fifty-seventh day until term, when the con- 
centration is two to three times that of the liver 
of the mother. (3) Liver glycogen is rapidly de- 
pleted following birth. In phase 1, all enzymes 
other than brancher enzymes concerned with 
glycogen synthesis are known to be present. It is 
thouzht that an increase in brancher initiates 
phase 2.9 Nemeth has shown that glucose-6- 
phos»hatase is absent until term.!’ Thus glycogen 
may accumulate in phase 2 since glucose-6- 
phosphate cannot be readily degraded and 
phosphohexokinase activity is relatively slow. 
Finaly, concomitant with the appearance of 
giucose-6-phosphatase at birth glycogen is 
rapicly depleted. It is certainly of more than 
academic interest that a condition of glycogen 
storaze, associated with a deficiency of the 
specific glucose-6-phosphatase, exists in the nor- 
mal fetus. 

Determination of Glycogen Structure. When the 
ability to synthesize glycogen is established in a 
tissue, molecular structure is dependent upon 
the ratio of activities of three enzymes, namely, 
phosphorylase, brancher, and debrancher.!* 
Since the methods of analysis used by Illingworth 
and Cori!? to determine the structure of normal 
glycagen have been utilized in the analysis 
of storage disease glycogen, these two methods 
are briefly outlined. 

End-group analysis (enzymatic branch-point analy- 
sis): The glycogen sample is incubated with 
inorganic phosphate, phosphorylase and de- 
brancher. Free glucose appears as a result of the 
debrancher action on each 1-6 link while 
gluccse-1-phosphate appears as a result of the 
phosphorylase action on the 1-4 links in the 
outer chains. Thus, the ratio of 1—6/1—4 links 
is equivalent to the per cent of branch points 
and may be used in describing the configurátion 
of the glycogen molecule. | 

Successive and alternating degradation using phos- 
phorytase and debrancher: "The first limit dextrin is 
isolated and by estimation of glucose-1-phos- 
phate the outer chain length is determined. 
Debrancher action then determines the per cent 
of branch points. “After the first tier of branch 
points has been removed by action of glucosidase 
on LD,, the debrancher enzyme is inactivated 
by keat and phosphorylase is added. This 
results in the formation of LD: which is again 
isolated, and so on. Each successive LD differs 
from the preceding one by the removal of one 
tier. Up to four successive LD’s were isolated 


AMERICAN JOURNAL OF MEDICINE 


Glycogen Storage Diseases—Aecant 


from liver glycogen, by which time the degrada- 
tion had reached 90 per cent. The analytical 
data obtained after each enzymatic step could 
be made to fit only one kind of model, namely, 
that which represents the polysaccharide as 
multibranched tree-like structures. If this struc- 
ture were completely regular, there would be 
50 per cent of all the branch points in the first 
tier, 25 per cent in the second, 12.5 per cent in 
the third, and so on. The percentages found in 
normal human liver glycogen were, however, 40, 
25, and 10 per cent, respectively."? This implies 
a somewhat irregular structure. 

Using these methods Illingworth, Larner and 
Cori! characterized the structure of normal 
rabbit glycogen in various states of nutrition, the 
structure of cat and fetal sheep glycogen and that 
of five samples of normal human glycogen.!? 
Results are reproduced in Table 1 and indicate 
that human glycogen is very similar to animal 
glycogen in structure. Further, it is apparent 
that newly-formed glycogens after a period of 
fasting have longer outer chains and are less 
branched, while the reverse is true of older 
elycogens. 

Factors Regulating the Concentration of Glycogen in 
the Tissues. One of the major defects in glycogen 
storage disease concerns the increased concentra- 
tion of glycogen in the tissues. In considering the 
nature of the defect it seems worthwhile to 
comment on the variety of factors in the individ- 
ual which influence tissue levels of glycogen. 
These factors are numerous and include hor- 
mones, electrolytes and enzymes; in addition, 
the nutritional state and certain diseases may 
affect these levels. 

A well known phenomenon is the depletion of 
liver glycogen in fasted animals and the reverse 
situation in animals which are fed high carbo- 
hydrate diets. Stetten has shown in the rabbit 
that about 3 per cent of the ingested carbo- 
hydrate is converted to glycogen,!? so that with 
an extremely high intake it is conceivable that 
liver glycogen may rise considerably. Further, 
any substance which increases the glucose up- 
take of tissues increases glycogen levels, and 
materials which inhibit glucose uptake have the 
opposite effect. 

The role of insulin and the diabetogenic 
hormones must be mentioned in this regard. 
Insulin increases glucose uptake of isolated 
muscle?? as well as glycogen synthesis in these 
tissues. Án insulin effect upon hepatic glucose 
uptake has also been demonstrated but this is 


OCTOBER, 1955 


613 
apparent in -ivo only.?! The exact mechanism 
by which this insulin action is accomplished is 
not clear, altFough an effect upon the hexokinase 
system is a :avored hypothesis.?^?* In experi- 
mental animals in the absence of insulin or in 
uncontrolled diabetes the liver glycogen is low. 


TABLE 1 
ANALYSIS OF GLYCOGEN STRUCTURE 





Degradation 
Source of Glycogen 1-6 Links by P OL or das 
i (%) 
(%) 

*Liver glycoger: 

Rabbit. s s. 6.8 36.2 

Qr caus aewne eat 8.1 28.0 

Fetal sheep. ...... 8.7 36.6 
THuman liver: 

Infnt.o v zer ZI 31.9 

Infant. vc veu 8.4 41.0 
Human muscle- 

s. CLE 8.0 34.6 

Pectoralis.......... 7.2 32.7 

Pectoralis.......... 8.1 25.0 


* Data obtained from C. F. Cori." 
T Data obtained from B. Illingworth and G. T. Cori." 


Bondy?* has also demonstrated that the human 
diabetic has decreased liver glycogen levels. A 
recent observation in the alloxan diabetic 
animal is cf special interest. Langdon has 
shown that -n diabetic rats the activity of the 
glucose-6-phosphatase of liver is markedly 
increased, ard has suggested that this is in part 
responsible for an increased liberation of glucose 
from the liver in diabetes.?? Administration of 
insulin resufts in fall in the activity of this 
enzyme to normal. In view of the fact that 
hyperinsulinsm might conceivably lead to 
diminished rzlucose-6-phosphatase activity and 
increased glvcogen storage, the author reviewed 
the autopsy findings in several patients who 
died of functional pancreatic adenomas. No 
evidence of ncreased glycogen in tissues could 
be found. ?* 

With respect to inhibitors of glucose uptake, it 


| is known that pituitary growth hormone and 


adrenal steroids decrease glucose uptake of 
muscle? ard secondarily decrease glycogen 
synthesis. Adrouny and Russell? found that 
hypophysectomized rats rapidly deplete stores 
of liver glycogen and, on administration. of 
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growth hormone, loss of glycogen from the liver 
is diminished. Further, in the normal fasted 
animal, with depletion of liver and muscle 
glycogen the levels of cardiac glycogen increase. 
This increase does not occur in hypophysectom- 
ized fasted rats unless a growth hormone is 


TABLE n 
FACTORS AFFECTING CONCENTRATION OF GLYCOGEN 
IN TISSUES 
Increasing Decreasing 

High CHO intake | Starvation 

Insulin Insulin deficiency 

Adrenal steroids* | Glucagon 

Growth hormone* | Epinephrine 

Insulin antagonis:s (pituitary, 

adrenal) 


Diseases, i.e., thyrotoxicosis, cir- 
rhosis of liver, uncontrolled 
diabetes 





* See text for explanation. 


administered. It is concluded, therefore, that the 
growth hormone is glycostatic with respect to 
the liver but actually increases the glycogen 
content of heart muscle. 

Other substances known to acfect glycogen 
levels include epinephrine and glucagon or alpha 
cell hormone of the pancreas. Sutherland?? 
demonstrated in vitro that both of these sub- 
stances, which in vivo raise the blood sugar and 
deplete liver and muscle glycogen, act upon 
phosphorylase and maintain the enzyme in its 
active form, phosphorylase-a. This increased 
glycogenolytic action, as opposed to the glyco- 
genic action of phosphorylase, has not yet been 
explained. Further, although the role of epineph- 
rine in the human subject is wel established, 
that of glucagon is not. Some investigators 
believe that glucagon is a basic regulating 
hormone concerned with the maintenance of the 
blood sugar and McQuarrie has suggested that 
a glucagon deficiency exists in certain cases of 
hyperinsulinism.?? 

Hastings and his coworkers hav2 been instru- 
mental in pointing out the importance of 
electrolyte concentrations in processes of glyco- 
gen synthesis. He has shown that in order for the 
isolated liver tissue to synthesize glycogen, the 
tissue must be suspended in a medium contain- 
ing high concentrations of potassium.?! Muscle, 
on the other hand, will not synthesize glycogen 
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in the presence of relatively great concentrations 
of potassium.?? The significance of these observa- 
tions in the intact animal is not yet clear, 
although it may be postulated that alterations in 
serum and tissue potassium, sodium and phos- 
phate may well affect glycogen synthesis in vivo. 

In general it may be said that the absence or 
decrease in activity of the glycogen-synthesizing 
enzymes could result in low glycogen levels while 
a decrease in the activity of the degrading 
enzymes could result in high concentrations in 
tissues. It is also conceivable that dispropor- 
tionately increased activity of one group of 
enzymes as opposed to the others could influence 
the level of glycogen. 

Those factors, then, which tend to accelerate 
the uptake of glucose by tissues produce in- 
creased levels of glycogen, while those depress- 
ing glucose uptake produce the reverse effect. 
(Table 1.) Substances such as epinephrine and 
glucagon may conceivably influence glycogen 
levels by being present in greater or lesser 
quantities than normal. Finally, the activity of 
the enzymes concerned with glycogen metab- 
olism may affect the glycogen levels. At the 
present time it is not known by what specific 
mechanism these factors regulate cellular glyco- 
gen levels but it is not farfetched to postulate 
that they do so by altering the enzymatic 
activity. 

Before concluding this section it should be 
mentioned that certain disease processes appear 
to be associated with altered glycogen levels. 
Patients with thyrotoxicosis and cirrhosis of the 
liver tend to have low liver glycogen levels, 
the first presumably based on excessively rapid 
utilization, the second presumably associated 
with overall enzymatic deficiencies. !* In diabetes, 
although liver glycogen may be low, one often 
sees increased deposits of glycogen in the 
kidneys and in the cardiac muscle?? as well as in 
the beta cells of the pancreatic islets.?* The basis 
for these deposits is not known although some 
investigators have suggested that hyperglycemia 
secondary to inadequate control of the disease 
may play a part. Finally it is of interest that the 
normal infant heart contains as much or more 
glycogen than many cases of cardiomegalic 
glycogen disease.?* 

Having considered the overall picture of the 
complexities of glycogen metabolism in the 
normal individual, the remainder of this paper 
will be concerned with the disorders of glycogen 
metabolism. 
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GLYCOGEN STORAGE DISEASE 


Glycogen storage disease is a generic term 
applied to a group of congenital and familial 
disorders characterized by the deposition of 
abnormally large amounts of glycogen in the 
tissues. These diseases have been classified into 
four types on the basis of clinical, pathologic, 
and biochemical characteristics: Type 1, von 
Gierke's disease or hepatorenal glycogenosis; 
Type u, glycogen storage disease of the heart; 
Type rr, diffuse glycogenosis with cirrhosis of 
the liver; and Type 1v, glycogen storage disease 
of liver and muscle. 

This classification is based in part on that of 
Andersen? and in part on that of Cori.}* For 
detailed and critical descriptions of these 
entities, the reader is referred to the papers of 
van Creveld,?" Mason and Andersen,*® Lange- 
wisch and Bigler,? di Sant’Agnese,°4! and 
Forbes,*? as well as the standard textbooks of 
pediatrics. 


Type I: von Gierke’s Disease 


Clinical Findings. This syndrome usually has 
its onset at birth or in early infancy. Often 
the only abnormality is the existence of an 
asymptomatic hepatomegaly. History of a 
sibling affected with this disorder may be the 
first clue to diagnosis. Symptoms may progress 
from anorexia, weight loss, abdominal enlarge- 
ment, vomiting, and non-specific complaints to 
hypoglycemia, convulsions and coma. On 
physical examination there is found retardation 
of growth (occasionally. dwarfism), obesity giv- 
ing the child a “‘doll-like” appearance, hepato- 
megaly and palpable kidneys. Laboratory 
examination is marked by acetonuria, hypo- 
glycemia, hyperlipemia, increased blood glyco- 
gen levels,* inadequate response to epinephrine, 
impaired glucose-tolerance, decreased serum 
phosphate and no response to glucagon.** The 
course is usually short but depends on the degree 
of involvement. Some patients live to adoles- 
cence. Death is usually due to intercurrent infec- 
tion. Treatment consists in frequent high protein 
feedings and ACTH or cortisone* in an effort 
to control hypoglycemia. Sodium lactate is given 
for the acidosis which is often marked.** 

Pathologic Findings. | Andersen?9 has reported 
observations noted at autopsy on a patient with 
von Gierke’s disease who lived for over two 
months, ultimately succumbing to a respiratory 
infection of two days’ duration. The liver was 
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massively enErged, weighing 770 gm. (normal, 
140 gm.), aad the kidneys were moderately 
enlarged, wich a combined weight of 58 gm. 
(normal, 40 gm.). Aside from pneumonia, no 
other abnormalities were observed upon gross 
examination. On microscopic examination, 
however, bot= the liver cells and the cells of the 
convoluted renal tubules were heavily loaded 
with glycogen; in addition, the liver cells con- 
tained an abundance of fat. Best’s stain con- 
firmed the large deposits of glycogen in the liver 
and kidneys and also revealed small amounts of 
glycogen in the heart, tongue and skeletal 
muscle. 

Biochemical Findings. 'Vhis disorder is char- 
acterized by hepatorenal deposits of metaboli- 
cally unavailable glycogen. The unavailability of 
glycogen is a-tested to by the hypoglycemia and 
the absence of response to epinephrine. Ketosis 
and hyperlipezmia are consistent with a shift to 
fat metabolism and reflect a carbohydrate- 
starved orgarism. 

In an analvsis of the defect several possibilities 
present thercselves, Glycogen may be unavail- 
able because of (1) a structural abnormality, 
which preveats the normal enzymes from de- 
grading it, 2) a deficiency of the glycolytic 
enzymes or (3) an abnormality in the hormones 
or factors which regulate glycogen levels. 

With regard to the structure of this glycogen 
it was known, following the experiments of 
Schoenheimer, that normal liver mince could 
degrade it, but it could not be degraded in the 
livers of patients with the diséase. This suggested 
that its configuration was normal. In an analysis 
of the structure of the glycogen obtained from 
ten cases of tais disease, G. T. Cori showed that 
the structure did not differ from that of normal. 
Phosphorylase degraded the molecule from 30 
to 42 per ceat while in the normal the values 
were 25 to 4°. per cent. Further, the percentage 
of branch points was found to be 6.7 to 9.5 per 
cent while ir the normal it was 7.1 to 8.4 per 
cent? 

In approaching the second possibility, that of 
enzymatic defect, the Coris reasoned that the 
glucose-6-phosphatase was most probably at 
fault. This was based on the fact that liver and 
kidney rather than muscle were involved by 
the disease end that the glucose-6-phosphatase 
is present in the former two organs and not in 
muscle. In seven cases the glucose-6-phosphatase 
activity of Lver was demonstrated to be ex- 
tremely low.?^/ Activity of the enzyme in kidney 
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was also low in two cases. No evidence of 
significant inhibitors of this enzyme in these 
livers could be found. In five other older pa- 
tients with a milder form of the disease, the 
phosphatase was only slightly depressed and in 
one case was within the normal range. Although 
this deficiency in glucose-6-phosphatase is an 
important factor in the mechanism of the glyco- 
gen storage, some question may remain as to 
whether it is the sole cause of this type of 
storage disease. It is possible that the low serum 
phosphate reported in these cases may also 
contribute to glycogen storage. 


Type II: Glycogen Storage Disease of the Heart 


Clinical Findings. ‘The onset of this disease 
occurs early in infancy and is marked by feeding 
difficulties, intermittent cyanosis, and dyspnea. 
Cardiac failure, listlessness, muscular weakness, 
neurologic abnormalities and striking enlarge- 


ment of the tongue may be noted. On physical - 


examination, the diagnosis may be confused 
with hypothyroidism, ‘84° mongolism, or amyo- 
tonia congenita because of the extreme muscle 
hypotonia.*9? The heart is usually enlarged, and 
systolic murmurs are present in some cases. 
Laboratory studies reveal no abnormalities of 
carbohydrate metabolism. The cardiac sil- 
houette on x-ray tends to be globular. Electro- 
cardiogram reveals inverted T waves, left axis 
deviation and S-T depression with a normal 
P-R interval. The course is short with death 
resulting from infection and heart failure during 
the first eight months. No treatment is known. 

Pathologic Findings. Pathologic findings in 
cardiomegalic glycogen disease have been sum- 
marized by di Sant’Agnese et al.,4! who have 
reviewed fourteen cases previcusly reported 
in the literature. The outstanding findings re- 
vealed upon gross examination were in the heart, 
which in every case was strikingly enlarged, 
weighing in some instances 5 to 6 times the nor- 
mal for the age of the patient. 

Histologically, the marked infiltration of the 
myocardium with glycogen yields a distinctive 
microscopic picture, lending a ‘“‘lacework’”’ 
appearance to the fibers, each fiber appearing 
as a hollow cylinder surrounded by a thin, 
delicate cytoplasm with the nucleus lying free in 
the center. These alterations in structure are 
often so marked as to make recognition of the 
myocardial tissue difficult. 

In six of the fourteen cases, glycogen was 
noted in the skeletal muscles. The tongue was 
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consistently and markedly affected, the dia- 
phragm less so, while the musculature of the 
neck, trunk and extremities contained variable 
amounts. Glycogen deposits were also observed 
in smooth muscle, the cells of the reticuloendo- 
thelial system, the kidney, the liver and in the 
reticulum cells of the spleen, lymph nodes, bone 
marrow and thymus. 

Epithelial cells in which glycogen deposits 
have been noted are the mucus glands of the 
gastrointestinal tract, the acinar, ductal and 
islet cells of the pancreas, the cortical and 
medullary cells of the adrenals and, finally, the 
epithelial cells of the hair follicles. The ganglion 
cells and central nervous system may also be 
involved. There is no apparent reaction of the 
tissues to the accumulation of glycogen.?? 

Biochemical Findings. In this disorder of 
cardiac and generalized glycogenosis, no ab- 
normalities of carbohydrate metabolism are 
found. 'This implies that the glycogen is available 
for utilization by the body. The Coris found 
that both the structure of the glycogen and the 
glucose-6-phosphatase activity of the liver and 
kidney were within normal limits in one care- 
fully studied case. Since this disease affects 
chieflv muscle, one would not have anticipated a 
defect in the phosphatase system. At the present 
time no explanation of the abnormality is 
available. | 


Type HI: Diffuse Glycogenosis with Hepatic Cirrhosis 


Clinical Findings. Symptoms may appear at 
any time from late infancy to early childhood. 
The complaints are referable to hepatic in- 
volvement, with edema and abdominal swelling 
and occasionally bleeding tendencies. Upon phys- 
ical examination hepatosplenomegaly, ascites, 
jaundice and anemia may be evident. The 
laboratory confirms abnormal liver functions’ 
(cephalin flocculation, thymol, bromsulfalein 
retention, low serum albumin and elevated 
serum globulins, bilirubinemia). The blood 
sugar is normal and no acidosis is present; 
response to epinephrine may be moderate and 
delayed. The glucose tolerance test may show a 
moderate rise and a slow fall of the blood sugar. 
The course is variable and death may occur 
between the ages of one to ten years.*® Treat- 
ment is directed to the liver disease, although 
apparently it is not effective. l 

Pathologic Findings. Andersen has reported 
observations noted at autopsy of a seventeen 
month old child who died of glycogenosis with 


AMERICAN JOURNAL OF MEDICINE 


Glycogen Storage Diseases—ftecant 617 


hepatic cirrhosis; a previous sibling had died 


with hepatosplenomegaly and von Gierke’s 
disease, the latter being diagnosed posthumously. 

The liver weighed 560 gm. (normal, 330 
gm.) and had a finely nodular surface. The 
spleen was also enlarged. Microscopic examina- 


outer chain length 14.7 residues, and inner 
chain length 5.5. Thus there were fewer branch 
points and s.gnificantly longer chains. These 
findings sugzest a deficiency of the brancher 
enzyme. The zlycogen formed resembles amylo- 
pectin, the branched component of starch. 


TABLE III 
SUMMARY OF GLYCOGEN STORAGE DISZASES 




















Age 
Hypoglycemia, 
Type Organs Ketosis, Epinephrine Glycogen Enzymatic 
Affected Hyperlipemia Response Structure Alterations 
Onset Death 
1 | Liver; kidney | Neonatal; | Varies +++ 0- 4-4 Normal Decreased to absent 
infancy with glucose-6-phos- 
severity | phatase 
u | Heart muscle, | Neonatal; | Early 0 Normal Normal None found 
tongue, infancy 
brain 
m | Liver (cirrho- | Late 1-10 yr. 0 ++ Abnormal: Probably decreased 
sis); reticulo-| infancy excessively long | brancher activity 
endothelial outer branches 
system | 
IV. | Liver; muscle | Late ? | ++ + Abnormal: very | Probably decreased 
infancy short outer debrancher activity 


branches 





tion revealed a diffuse, finely nodular cirrhosis 
with large glycogen deposits in the liver cells; 
in the thickened, fibrotic portal areas were 
proliferating bile ducts, isolated liver cells and 
diffuse infiltration with round cells and poly- 
morphs. In the spleen there were accumulations 
of what appeared to be reticulum cells loaded 
with glycogen; similar accumulations of phago- 
cytic cells loaded with glycogen were found in 
the lymph nodes, the lymph follicles of the 
intestine and the intestinal mucosa; in all areas 
these phagocytic cells were accompanied by a 
mild fibrous reaction. Small amounts of glycogen 
were found in diaphragmatic muscle fibers but 
none were found in the kidneys. 

Biochemical Findings. ‘The pathologic findings 
in this variety of glycogen disease suggest 
that glycogen behaves as a foreign body to which 
there is tissue reaction, that is, cirrhosis of the 
liver and fibrosis surrounding the deposits of 
glycogen. This finding is totally consistent with 
the striking alteration in structure of this glyco- 
gen reported by Cori.'® End group analysis 
revealed branch points of 4.7 per cent, phos- 
phorylase degradation 50 per cent, average 
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Certain of the physical properties are consistent 
with this view and are markedly different 
from normal glycogens (x-ray diffraction dia- 
gram, solubiity properties and absorption 
maxima after the development of the iodine 
color). 


Type IV: Glicogen Storage of Liver and Muscle 


Clinical Fincings. ‘This appears to be a very 
rare disorder. Only one case thus far recorded * 
was noted by l'orbes.** In this case, there was no 
familial histor; of glycogen disease. Abdominal 
enlargement was first noted at the age of one 
year. Physical examination revealed only hepa- 
tomegaly. Mid hypoglycemia and acetonuria 
were noted. There was no bromsulfalein reten- 
tion. À mild normochromic anemia was present. 
The patient was followed carefully and de- 
veloped normally in every way. At twelve years 
of age, hepatomegaly was more striking and 


* An additionzl case has been diagnosed by Dr. Alexis 
F. Hartmann at the Children's Hospital in St. Louis. 
Hypoglycemia, Byperlipemia and hepatomegaly were 
noted. The patient died at thirteen months of age with 
glycogen storage n the liver, heart and muscle. Glycogen 
structure showed findings similar to that of Forbes’ case. 
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abdominal veins were promment. Fasting 
ketonuria was noted. Cephalin flocculation was 
three plus, and marked bromsultalein retention 
was found. The response to epinephrine was 
present but less than normal. It was of interest 
that over a ten-year period of observation the 
fasting blood sugar levels tended to rise and the 
lipids to fall. T'he patient, now thirteen years of 
age, is still living and does not appear chronically 
ill. 

Pathologic Findings. Pathologic findings in 
this case have been limited tc biopsy speci- 
mens taken at age twelve and a half. The liver 
specimens revealed parenchymzl cells packed 
with glycogen, as identified wi-h Best's stain; 
aside from this and some increase in peri- 
portal connective tissue, the live> was otherwise 
not remarkable. Routine hematoxylin and 
eosin sections of skeletal musc.e revealed no 
abnormalities. 

Biochemical Findings. High levels of glycogen 
were noted in muscle and liver biopsy speci- 
mens from this patient. The combination of 
glycogen storage in muscle and liver with a 
definite but abnormally smal response to 
epinephrine suggests (1) that the glycogen is 
only partially available and (2) that the defect is 
probably unrelated to the glucose-6-phosphatase. 
Structural analysis of this glycogen was par- 
ticularly interesting. Liver and muscle, respec- 
tively, showed end groups of 10 8 and 13.1 per 
cent and phosphorylase degrada-ion of 12.2 and 
2.6 per cent. These findings indicate an enor- 
mous number of branches and very short outer 
chains with the molecule essenzally similar to 
limit dextrin. Cori suggests tnat there is a 
deficiency of debranching enzyme while phos- 
phorylase is apparently normal. In this way the 
outer tier residues are readil» released and 
rebuilt but the inner core is unavailable. This 
could explain glycogen. storage and partial 
response to epinephrine. 

A summary of the salient features of these 
four types of storage disease may be found in 
Table m. 

SUMMARY 


The field of carbohydrate chemistry and 
metabolism has advanced tremendously over 
the past twenty-five years. Elucidation of the 
enzymatic steps involved in tke synthesis and 
degradation of glycogen has keen one of the 
most important contributions. This has pro- 
vided not only an understanding of glycogen 
metabolism in the normal ind vidual, but has 
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permitted an evaluation of glycogen storage 


diseases. Based on the clinical, biochemical, and 


pathologic data described, these diseases, once 
considered a single entity, have been classified 
into four types. Fundamental distinctions among 
these diseases have been demonstrated to reside 
in a variety of enzymatic defects in glycogen 
metabolism, resulting in increased tissue glyco- 
gen concentrations in all cases and in abnormal 
glycogen structure in some cases. 
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Dr. GEORGE READER: The choice of therapy 
in intestinal parasitic diseases is the subject of 
this conference. The discussion will be opened by 
Dr. Kean. 

Dr. B. H. Kean: We might modify the title a 
bit by saying that we will discuss only the more 
common intestinal parasitic diseases. ‘There are a 
great many intestinal parasites but if we exclude 
about ten of the more exotic varieties, limiting 
ourselves only to those which we might en- 
counter in the New York City area, we are left 
with about fifteen diseases. These include 
amebiasis, two flagellate diarrneas, five hel- 
minthic infections, four tapeworm diseases and 
schistosomiasis which is caused by a fluke. This is 
still an ambitious undertaking for one session and 
we shall try to deal only with as many as space 
will permit. 

I should like to say at the outset that much that 
is written about the results of var.ous treatments 
should be regarded with suspicior.. It seems to be 
unusual to find an initial evaluation presenting 
the facts. For example, for many years we be- 
lieved we knew how to treat ascariasis. We used 
to speak of cures in about 90 per cent of the cases 
and that is what one finds in almost any text- 
book. At the last meeting of the American 
Society of Tropical Medicine eight different 
persons from various parts of the world agreed 
that we are far from knowing how to treat 
Ascaris lumbricoides and that currently the 
cure rate is only about 35 per cent. 

The situation in the case of pinworm is well 
known, for there is no ideal therapy for this 
disease. We shall discuss pinworm in more detail 
later. 

Let us for a moment consider the most impor- 
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tant of this group of diseases, that caused by 
Endamoeba histolytica or intestinal amebiasis. 
Even if we do not consider the archaic drugs 
which clutter up the field and mention only 
those currently in use, the list is large; emetine, 
various arsenicals like carbarsone,? milibis? and 
balarsen, the halogenated hydroxyquinolines 
like diodoquin,® chiniofon, yatren? and vioform, 
a half dozen antibiotics, and some others which 
do not come to mind at this moment. Five or 
six years ago, when bacitracin became available, 
it appeared that the cure for amebiasis had been 
found. That illusion lasted only a year, for the 
cure rate dropped to about 20 per cent. Aureo- 
mycin was the next drug to appear, with an 
initial cure rate approximating 95 per cent. 
These rates have now dropped to about 30 to 
50 per cent. The initial reports in the case of 
terramycin® were very optimistic. There was one 
report that sixty people were treated with 
terramycin, 2 gm. a day for about ten days, that 
the cure rate was 100 per cent, and that there 
were no toxic symptoms, diarrhea, nausea or 
complaints. It is my experience that you cannot 
give 2 gm. of terramycin a day to sixty patients 
without receiving complaints. Terramycin is 
still being used and is probably the best single 
drug for amebiasis but the ultimate evaluation 
of its efficiency requires an open mind. Fumagil- 
lin is another of the special cures for amebiasis. 
By the time the drug appeared on the market the 
cure rate was drcpping from 90 per cent to 75 
per cent; one can predict that in a year or so 
the cure rate will be still lower. It should be 


noted that terramycin affects bacteria to a much 


greater extent than does fumagillin. Tetracycline 
is being evaluated at the present time. Chlo- 
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roquine diphosphate might also be mentioned; it 
is virtually useless for intestinal amebiasis but 
very important for the treatment of hepatic 
amebiasis, in conjunction with emetine. 

Emetine is, of course, used for both the in- 
testinal and hepatic forms of amebiasis. There is 
something strange about this drug. It is the 
only one among all of the drugs previously men- 
tioned that is a true amebicide, that is, it kills 
amebas in dilutions which may reasonably be 
expected to prevail with therapeutic doses. It is, 
of course, easy enough to set up test tube culture 
experiments and demonstrate amebicidal actions 
with terramycin or other drugs, but so far as we 
know none of these, with the sole exception of 
emetine, kills amebas in therapeutically relevant 
dilutions. Emetine is potent against the amebas 
in dilutions of 1: 5,000,000 and it kills amebas in 
dilutions of 1: 1,000,000. There is, of course, the 
difficulty that emetine is a fairly toxic substance. 
Strangely enough, in spite of its high amebicidal 
action, emetine alone never cures intestinal 
amebiasis. I do not have an adequate explana- 
tion for this phenomenon. Used in conjunction 
with certain other preparations, emetine is, of 
course, extremely effective in bringing about a 
cure. 

Among the more popular .members of the 
arsenical group, namely, carbarsone, balarsen 
and milibis, there is very little choice. We prefer 
carbarsone. There has been a great deal of 
experience with it over the years, and its toxicity 
is reasonably low for an arsenical compound. 
Some of you may remember the report by 
Anderson about two years ago in which he 
described the use of thioarsenites for amebiasis. 
This material has been found to be too toxic for 
clinical use and is not commercially available. 

There is relatively little to choose from among 
the preparations of halogenated hydroxy- 
quinolines. We prefer diodoquin. It seems to be 
the most popular among this group of materials. 
For many years it was the drug of choice in 
New Orleans where it cured about 95 per cent of 
cases of amebiasis. This hopeful report was 
followed by other reports from England which 
declared the drug to be almost worthless. The 
United States Navy refused to include diodoquin 
in its list of necessary drugs, mainly on the basis 
of the British experience. In recent years the 
‘experience in New Orleans seems also to show 
a falling off of the cure rate. At the present time 
it is probably closer to 50 per cent, although most 
of the reports still refer to from 60 to 80 per cent. 
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Since non? of these drugs is entirely satis- 
factory, we pursue the plan of using several 
drugs, stretching the treatment over long periods 
of time. One plan we use in the treatment of 
amebiasis is to administer 1 gr. of emetine 
(65 mg.) intramuscularly daily for five days. It 
may be mentioned parenthetically that in the 
case of the fivz-day therapy electrocardiographic 
control is not necessary. It is desirable to use 
electrocardiozraphic checks when the treatment 
is carried on over a longer period of time, say ten 
days, as in tne case of hepatic amebiasis or in 
older persons. With a shorter period of treat- 
ment some changes in the T waves may appear 
but they are unimportant from the practical 
standpoint; and if there has been no untoward 
reaction to the first dose of emetine, it is unlikely 
that anything serious will occur during the first 
five days. Th.s is not true, however, with longer 
treatment. Simultaneously with the emetine we 
start carbarscne, 1 gm. daily, continued for ten 
days, one 0.25 gm. tablet being given four times 
daily. This s then followed by a course of 
terramycin, 1.5 gm. the first day and 1 gm. daily 
thereafter for a week. If the patient seems able to 
tolerate more:terramycin, it may be given for ten 
days. 'T'his scaedule constitutes our initial effort 
to cure a pétient of amebiasis. We expect a 
cure with this method in about 90 per cent of the 
cases. If follow-up reveals that the parasite has 
returned, the whole course of treatment is 
repeated, adcing a fifteen- or twenty-day course 
of diodoquin. We usually give 2.5 gm. daily in 
divided doses to an adult. This should result in 
the cure of a air number of the 10 per cent fail- 
ures. There is still a small residual group which is 
resistant to care and which constitutes quite a 
problem. . 

Dr. Harry Gorp: Would your general for- 
mula of treaunent apply to the asymptomatic 
form of amebiasis as well? 

Dr. KEAN: There has been some question and 
considerable debate about that over the years. 
Now, with the known danger of hepatic 
amebiasis, ard with fuller recognition of the 
importance o? the public health aspects of the 
disease, the debate is almost over. Consider for a 
moment wha: one means by a case of asympto- 
matic amebiasis. This is a patient who believes 
that he is perf2ctly well and may even regret that 
he has had the misfortune of having had his 
stool examined, as the result of which a parasite 
was found. The plan of therapy which I out- 
lined might ke accepted readily as appropriate 
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for acute amebic dysentery when i~ is necessary to 
alleviate the patient's symptoms. There may be 
a doubt, however, as to whether one is justified 
in using this heroic treatment in a person who 
seems perfectly well. Experience indicates that 
many people with so-called asymptomatic 
amebiasis who think they are wel. are not really 
in perfect health but are able to recognize this 
fact only when the so-called asymptomatic dis- 
ease is cured. It is very much like a patient with 
low-grade anemia who does not Enow how well 
he can be until the anemia is cured. Al] patients 
with amebiasis should be treatec. There is still 
. some question as to whether the treatment should 
be as thorough in these cases as in the sympto- 
matic ones. It is our inclination t5 treat them in 
the same way. We warn the patient that he may 
feel worse during the treatment but that he may 
anticipate feeling better after treatment than 
before. 

Dr. READER: We might ask if there are any 
questions about amebiasis before we go on to 
some of the other parasites. Dr. Almy, do you 
have any comment on the treatmeat of amebiasis? 

Dr. Tuomas P. Army: I was wondering about 
the feasibility of giving five daiy injections of 
emetine to ambulatory patients who do not 
admit having any symptoms. Áre you not forced 
at times to modify the schedule and, if so, just 
how do you do that? | 

Dr. Kean: You have called attention to a most 
important point, especially appl-cable to treat- 
ment in clinics of large numbers of patients. 
There we are inclined to eliminate emetine from 
the program and carry out only the other parts 
of the schedule. The pain of zn injection of 
emetine is sometimes considerab. e. One cannot 
use a drug with the potential toxicity of emetine 
in hundreds of individuals in clinic populations 
without occasionally getting into some difficulty. 
We are less apt to encounter :his trouble in 
the case of the more individualized care of 
private patients, and in such cases we are apt to 
carry through the full regimen »f treatment. I 
would be interested in knowing what you think 
about this, Dr. Almy. Do you prefer to use one 
drug at a time and see how the patients get on, 
and, if they are not cured, then to turn to 
another drug or do you prefer to use several 
measures at the same time? 

Dr. Army: I have been using only one drug 
but am perfectly happy to use -wo or three. I 
would be very much interested m a convincing 
demonstration of the differences in the results. 


Dr. Reaper: Dr. LeMaistre, I wonder 
whether you would have any idea as to why 
terramycin is so effective and aureomycin is not? 

Dr. CHARLES A. LEMAITRE: I am inclined 
to think that the difference between the two is 
accentuated by studies and data that are not of 
equal quality. On reviewing the data on aureo- 
mycin a few months ago I was impressed with 
the fact that the evaluation of this drug has not 
been as careful, extensive and thorough as it has 
been in the case of terramycin. It may well turn 
out that the two are not materially different, but 
at the present time, as Dr. Kean knows, I 
personally prefer terramycin. : 

Dn. Army: I was rather cast down to hear 
Dr. Kean imply that an ancient explanation is 
probably not correct. It used to be said that 
emetine is ineffective against the cyst form of the 
ameba, and since the cyst form could not be 
eradicated from the lumen of the intestine it 
reinvaded the bowel and in that way prevented a 
cure. Is that now thought to be incorrect? 

Dr. Kean: One cannot be certain whether it is 
or not. You all remember that amebiasis is 
usualy acquired by drinking contaminated 
water. If the trophozoite is ingested in this way 
no harm is done because it does not survive the 
gastric barrier, even though this is the form of the 
ameba that is so dangerous to the host. On the 
other hand, ingestion of the cyst form gives rise 
to the disease because the cyst passes the stomach 
unharmed and in the intestine divides, yielding 
trophozoites. These trophozoites invade the 
mucosa, destroy portions of the submucosa, and 
lead to impairment of the blood supply with 
eventual ulceration of the mucous membrane. 
The question that has come up is this: Is the con- 
version from trophozoite to cyst a reversible 
process in the same patient? A certain number of 
trophozoites, instead of invading tissue, round 
up and form cysts which may be passed in the 
stool. Can these newly formed cysts divide and 
release trophozoites without crossing the gastric 
barrier of a new host? T'here is no final answer. 

Dr. READER: I wonder if Dr. Grace would 
care to express an opinion as to why some people 
develop acute dysentery from the ameba and 
others carry the organism without developing 
the disease? Do you believe there is something in 
the nature of bowel function which determines 
the course? 

Dn. WiLLIAM J. Grace: There are some ob- 
servations that indicate a relationship between 
the character of the intestinal tract and the 
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susceptibility to symptoms in amebiasis. We 
have had a few patients in whom symptoms of 
amebiasis developed only during periods of 
stress. It seems to be a fact that the condition of 
the mucosa of the gastrointestinal tract deter- 
mines the ability of organisms to penetrate. 
Norris and Rappaport made some experiments 
along that line. They gave an irritant enema 
of turpentine. Under ordinary circumstances 
10 per cent of the animals could be infected, 
whereas under these unusual conditions the 
infection rate went up to 50 per cent. The ob- 
servations that we have on changes in the 
mucous membrane under the reaction of stress 
indicate that the membrane becomes more 
fragile, and that some alteration in mucous 
formation takes place. It is my notion that this 
is the kind of condition most likely to lead to 
infection by an organism which otherwise 
might prove innocuous. 

Dr. READER: Do you have any opinions on 
this point, Dr. Kean? 

Dr. KEAN: Attempts have been made to in- 
crease the rate of infectivity in experimental 
work by irritating the intestinal tract with croton 
oil and there is some evidence that the rate of 
infectivity may be increased in this way. You 
might be interested in the relationship between 
mucous colitis and amebic dysentery. This is not 
directly an answer to Dr. Reader's question but 
is related to it in that it has to do with the state of 
the mucous membrane and its susceptibility to 
infection. The matter stems from some army 
experience. A number of individuals are in 
Veterans’ Hospitals or are drawing disability 
pay who have been diagnosed as having 
amebiasis but who actually have ulcerative 
colitis. What happened in the past was that 
the patient came in with symptoms of colitis, 
amebas were found and thorough treatment 
instituted. Later recurrence occurred and was 
called amebiasis. The patient was again treated 
and later had another recurrence. This last 
episode which was called a recurrence was no 
longer, however, amebiasis but ulcerative 
colitis. Now the stool no longer showed parasites. 
Does this mean that amebiasis produced the 
picture of ulcerative colitis? Does this indicate 
that the patient had potential susceptibility to 
ulcerative colitis and that an appropriate trigger 
brought it out, in this case the attack of amebia- 
sis? There are those who believe that in ulcera- 
tive colitis bacillary dysentery is the trigger. 
One must, of course, consider the fact that if 10 
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per cent of tze population has amebiasis there 
are a certain number of cases in which the two 
diseases overkap. 

Dr. Grace: We have seen a few cases in our 
clinic of the aind that Dr. Kean has described, 
namely, individuals who showed all the char- 


‘ acteristics of ulcerative colitis and in whom the 


ameba was found in the stool. It was my belief 
that the ameba was just an incidental finding. 

.VisrTOR: I do not think you said very much 
about the hepatic abscess. You did mention 
ten days of treatment with emetine in the case of 
hepatic abscess. Could we hear more about this? 

Dr. Kean: The reason I did not go into it is 
that the subject of this conference is the treat- 
ment of intestinal parasites. We believe the 
evidence is fzirly strong that the only hepatic 
lesion in amebiasis is a localized abscess and that 
amebiasis dces not cause a specific diffuse 
hepatitis. ‘Chix view is held despite the numerous 
articles to the contrary. Any enlargement of the 
liver, tenderness and changes in liver function 
tests which ar? thought by some to be caused by 
diffuse amebx: hepatitis are manifestations of 
non-specific changes in the liver seen in any 
ulceration of zhe intestinal tract. For the treat- 
ment of ameLic abscess there are two effective 
drugs, one is emetine and the other chloroquine 
diphosphate. Emetine has been the standard 
drug for many years. À course of treatment is 
ten daily intremuscular injections of 1 gr. each 
(65 mg.). After a rest period of three or four 
weeks the course of treatment may be repeated. 
For the past five years, or possibly a little 
longer, chloroquine diphosphate, introduced 
by Conan, ha: been in use. Employment of this 
drug is based on knowledge derived from studies 
of malaria, wLich showed that chloroquine was | 
concentrated in the liver. It seems to be just as 
effective as em=tine. The dosage schedule has not 
been completely worked out. It appears that 
1 gm. the first day and 0.5 gm. daily for the next 
two weeks is a reasonably satisfactory program. 
Itis a cumulat-ve drug but its toxicity is not high. 
At the presen time we do not yet have the 
courage to depend upon this drug alone and so 
we use emetire and chloroquine in alternating 
courses. Dr. Conan has had very good results 
using chloroquine alone. 

Dr. Gorpb: Has terramycin any value in 
amebic abscess? 

Dr. Kran: des and no. Terramycin some- 
times brings zbout a spectacular drop in the 
temperature aad, in the signs of intoxication, 
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chills and general malaise. Approximately one- 
third of patients with amebic abscess develop a 
secondary infection and the invacers are usuallv 
the colon bacilh. Terramycin produces its 
spectacular effect by acting on these, but it will 
not destroy the amebas and hence this striking 
change in the picture is only a temporary one. 
There is no objection to using terramycin in 
conjunction with emetine and ch'oroquine. 

Dn. READER: Perhaps we should go on to the 
next group. Would you say a word about the 
flagellates, Dr. Kean? 

Dr. Kean: I think we can Cispose of these 
very quickly. Giardia lamblia B treated by a 
standard therapy that is effective. There is no 
alternative. The drug is one which was used in 
malaria, quinacrine hydrochlorice or atabrine®. 
In the usual schedule one gives five tablets of 
0.1 gm. each the first day (that 5, 0.5 gm.) and 
then three tablets or 0.3 gm. in divided doses 
daily for a week or ten days. The cure rate is 
about 90 per cent. After a week or ten days the 
course can be repeated. There is some debate on 


the question as to whether G. lamblia causes 7 


disease. There :s fairly good evicence, however, 
that about half of the individuals who have this 
parasite are subject to bouts of diarrhea, symp- 
toms of dyspepsia, atypical gallbladder disease, 
peptic ulcer, or so-called gastric neurosis. I 
shall not forget the aged dowager who developed 
severe colitis late in life. It was believed that 
she had a malignancy. She was ill for about six or 
eight months but would not go to the hospital 
and would not allow herself to be thoroughly 
examined, It was finally decided to try to do a 
barium enema in her home. All the equipment 
was brought there and two very competent 
radiologists made the examination. No malig- 
nancy could be demonstrated at that time. About 
six more months elapsed without results, when 
someone thought it might be a good idea to 
examine the stool. G. lamblia were found in 
great numbers. On the third day of quinacrine 
therapy the disease was brough- under control. 
This-is an exaggerated case but .t helps to point 
out something which is worth stressing. It is 
disturbing to contemplate hcw extensive a 
medical work-up will be done sometimes before 
a stool examination is made. Fortunately, that 
is not so in this institution. 

We might now go on to the subject of tape- 
worms. I like to talk about this because there has 
been some advance in the treatment of these 
worms in the last few years. The classic drug in 
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the treatment of tapeworm is oleoresin of 
aspidium. It was used by Theophrastis in 300 
B.c. and it has been a very effective agent 
against the tapeworm. However, it has a fairly 
high order of toxicity and has been largely 
replaced by quinacrine hydrochloride (atabrine) 
as the drug of choice. In view of the effective- 
ness of quinacrine and its much lower toxicity, as 
well as its applicability to all the common types of 
tapeworm, it would in these days be difficult to 
defend the use of the older remedy, oleoresin of 
aspidium. 

The mode of administration of these drugs is a 
decisive factor. The parasite is attached by a 
tiny, hardly visible head to the mucous mem- 
brane of the duodenum. The problem is to get a 
high enough concentration of the drug to act at 
the site to which this head is attached. Neither 
of these drugs actually kills the parasite. T'hey so 
affect the nervous system of the parasite that 
the head releases its hold on the mucous mem- 
brane. Thus the entire parasite with its head 
moves past the duodenum into the small intes- 
tine and beyond into the large bowel, where it 
no longer can take hold. The medication should 
be administered at a time when the intestinal 
tract is as empty as possible. The patient is 
instructed to have anything he wants except 
alcohol until noon. If possible it is best to skip 
dinner or supper. If he then takes a saline 
cathartic that night, we may presume that the 
intestinal tract or at least the upper portion of it. 
is reasonably empty by morning. The medica- 
tion is given in the morning instead of breakfast. 
There are those who give quinacrine in tablet 
form by mouth. The patient swallows a tablet 
every two minutes until all ten have been taken, 
making a dose of 1 gm. The drug is quite 
irritating to the gastric mucosa and frequently 
a good portion of the dose is regurgitated. The 
cure rate by this. method is only about 70 per 
cent. x 
We prefer the method of transduodenal in- 
tubation for administering the medication. A 
duodenal tube is passed. It is possible to control 
its position by means of the fluoroscope but that 
is not. necessary. If the tube is down to a level 
where a little bile can be aspirated, we can 
assume we are in the appropriate region, al- 
though it may nct be actually in the duodenum. 
The quinacrine is then introduced into the tube. 
Two hours later the patient receives another 
dose of magnesium or sodium sulfate. The bat- 
üng average by this technic is quite high, the 
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cure rate being about 90 per cent. On a second 
trial by the same procedure one is likely to get 
almost every case. We have recently seen five or 
- Six cases in which oral administration of the 
drug failed but direct introduction of the 
quinacrine into the duodenum produced a 
prompt cure. This is logical because by the 
method of transduodenal intubation a high 
concentration of the drug is brought directly to 
the point where it is needed and none of it is lost 
through vomiting. There is a practical point 
about the preparation of the quinacrine which is 
worth mentioning. The drug is relatively in- 
soluble in water and one may spend the entire 
morning getting it to disintegrate. It is our prac- 
tice to put the ten tablets into water in a medi- 
cine glass and allow them to soak over night to 
give them sufficient time to disintegrate. This 
results in a partial solution and suspension 
which can be fairly easily introduced into the 
duodenal tube. 

If for any reason you do not wish to use 
quinacrine, oleoresin of aspidium can be applied 
in the same way through the tube. Mix 6 to 8 gm. 
of the freshly prepared drug with about 30 cc. 
of acacia and 30 cc. of a solution of magnesium 
sulfate. This rather vile looking concoction is put 
down the duodenal tube. The results are about 
as good with this drug as with quinacrine but 
because of its toxicity one is put in the position 
of having to defend the use of aspidium. 

Dr. Gorp: This is, then, really a one-dose 
treatment, is it not? 

Dr. Kean: Yes, a one-dose treatment. 

Dr. ALMY: Can any other saline cathartic be 
used or is magnesium sulfate still considered the 
best? 

Dr. Kean: Magnesium or sodium sulfate is 
usually advocated. 

Dr. Gorp: Sodium phosphate is much more 
pleasant. Would it be all right to use that in- 
stead? Taste, of course, does not matter when 
the material is introduced into the duodenal 
tube. 

Dr. Kean: I see no reason why phosphate of 
soda would not do just as well. 

Dr. ArMv: Have you ever seen any toxicity 
from magnesium sulfate? 

, Dr. Kean: It may well have occurred un- 
noticed. Of course, the dose we use is not much 
greater than patients have been accustomed to 
taking in the form of Epsom salts or Glauber's 
salts. I do not imagine an important degree of 
poisoning is very common. 
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Dr. Reaver: Are there any other questions? 
Dr. Gold, have you one? 

Dr. Gor»: I gained the impression from what 
Dr. Kean said at the beginning that 90 per cent 
cure rates reported in initial experiences with 
various drugs in the treatment of parasitic 
diseases usualy dropped to about one-third with 
larger experience. Now Dr. Kean points to a 
method of treatment which involves the use of 
three agents in a particular regimen and he 
obtains cure rates of 90 per cent or so. Is there a 
chance that the new treatment may also let us 
down and in ime show much lower cure rates? I 
mention this point not because I have any reason 
for doubting the superiority of the new method 
but because of the fact that it seems to be char- 
acteristic of the problem of therapy in the 
parasitic diseases that initial responses to 
therapeutic zgents give rise to the appearance 
of a cure wLich turns out to be more in the 
nature of some sort of temporary suppression 
rather than z cure. That kind of phenomenon 
could opera:e through all kinds of treatments 
and produce similarly misleading results. 

Dr. Kean: It is quite possible that my figures 
for cure rates may be reduced in three or four 
years. I doubt that it is likely to fall in the-case of 
the treatment of tapeworm because the proof of 
the cure is th» finding of the head in the stool. 
That leaves n» room for dispute. 

Dr. READER: It would be nice to hear from 
you now, Dr. Kean, on the subject of pinworms. 

Dr. Kean: There are a great many drugs 
which have keen used in the treatment of pin- 
worm and it Eas not been easy to ascertain their 
usefulness. P.nworm presents a very special 
problem. There is no cycle that is simpler than 
the pinworm cycle. The child or adult consumes 
the eggs and the adult worms develop in the 
large bowel. The female migrates usually at 
night to the perianal region and deposits its 
eggs there. “he patient scratches the anus, 
contaminates the fingers with eggs, and then 
introduces the eggs into the mouth, thus com- 
pleting the cvzle. There has been a good deal of 
discussion about the wide distribution of pin- 
worm eggs. They have been found in strange 
places, on chendeliers and under carpets, but if 
those locatiors were of any importance we 
would probabiy all have pinworm disease. The 
factor that keeps the disease going is the scratch- 
ing of the anu: and the subsequent introduction 
of the eggs into the mouth. Anus scratching is a 
very common practice. It is done by about one- 
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third of children and many adults. If you were to 
paint the perianal region with methylene blue 
- you would.be surprised to see how often dye will 
' be present on the fingers in the morning. Or dip 
the fingers in the morning in a culture medium 
and see how often colon bacilli will grow out. 

In order properly to evaluate a therapeutic 
agent in the treatment of pinworm it is necessary 
to ascertain first what can be accomplished by 
stopping the child from scratching at night. If 
this measure were successful the cure rate for 
pinworm would approximate 100 per cent. 
The adult female of the pinworm lives only 
eight weeks; hence if reinfecticn can be pre- 
vented the disease will be cured in eight weeks. It 
is difficult to determine the vaiue of drugs in 
pinworm because studies fail to distinguish the 
role of drugs and hygienic measures. Both have 
usually been employed together. 

Hygienic measures are the most important 
part of any regimen of treatment. The first 
thing to do is to try to control the itching. An 
antipruritic ointment of one kind or another is 
applied. For a long time the ointment of am- 
moniated mercury was used. We prefer a prepa- 
ration called perazil® ointment which contains 
an antihistaminic and a surface anesthetic. 
There must be a great many others that are just 
as good. We have made use of the seal-in type of 
pajama, a one-piece garment zippered to the 
top which can be tied at night. A pair of under- 
pants is also worn. The rear is so sealed that the 
child must take off the garment in order to use 
the facilities. Now the child can attempt to 
scratch as much as he wants. The urge to 
scratch the anus is irresistible. Dr. Hall photo- 
graphed children with pinworm disease after 
having them tied up so as to try to prevent 
scratching. He found that when the hand could 
not be brought to the anus, the anus was 
brought to the hand by a process of bodily 
contortion which was almost unbelievable. 

If, then, the child is sealed in by this method 
and an ointment is used to allay the itching, the 
outlook for cure of pinworm disease is, I would 
say, about 50 per cent. This figure applies to 
adults as well. I believe that a great many of us 
have had pinworm disease and have cured 
ourselves simply by hygienic measures, by 
washing the hands after anal scratching. 

Now, how about the use of drugs? As I have 
already stated, there are a great many drugs 
that have been employed. Hexylresorcinol is 
quite effective but its toxicity is too high for use 
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in a disease so benign. Terramycin, gentian 
violet and piperazine citrate are the drugs of 
choice at the present time. The pinworm is a 
parasite too tough to kill. Terramycin simply 
deforms the eggs so that a certain percentage lose 
their viability. We do not know quite how 
piperazine citrate acts. Gentian violet appears 
to have some effect on the adult worm as well as 
on the eggs. What we aim to do is to establish a 
cycle of biologic attrition in which more of the 
parasites die off than are acquired over a par- 
ticular period of time. That seems to be the 
best that can be done. As in the case of other 
parasites the cure rates in pinworm disease also 
vary considerably. Dr. Harold Brown at Colum- 
bia obtained cure rates as high as 85 per cent 
with piperazine citrate. Our own results with 
this compound are only about 50 per cent. It is 
easy to understand the higher cure rates in a well 
planned experiment in which all the details 
of treatment can be checked and controlled. 
The cure rate falls off considerably when the 
drug is used under the more usual clinical 
conditions. Our practice is to use all three drugs: 
terramycin for three days, gentian violet for 
seven to ten days, and piperazine for seven to ten 
days. We have stopped using diphenan. 

Dr. Gorp: I wonder what the results would 
be if one of these drugs were used alone for the 
longer period of time, I mean the length of time 
taken for treatment with the three drugs in 
succession. 

Dr. Kean: That is being tested out. It can- 
not, of course, be done with gentian violet 
because toxic symptoms appear too early. We 
are now trying several different time schedules 
with piperazine. Terramycin has been tried in 
fairly long treatment periods but that proved 
unsuccessful because even while the terramycin 
was being given, the eggs reappeared. Further- 
more, in the case of this drug there is also the 
question of toxicity and expense. 

VisrTOR: An article appeared last year in the 
Texas State Medical Journal in which it was 
mentioned that the cure rate with gentian violet 
and hexylresorcinol was about 70 per cent, 
whereas with a regimen of garlic it was over 80 
per cent. What do you think about that, Dr. 
Kean? 

Dr. Kean: I think you are referring to the 
article by Killingsworth and others. Garlic has 
been used for a long time in Europe. It may well 
have some effect. I do not know the phar- 
macology of garlic. Is it inert? 
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Dn. Gorp: There is a good deal of potency in 
garlic, aside from the odor. It contains toxic 
sulfides and aldehydes as well as many other 
substances, and it would not be safe to regard 
garlic as a placebo in any of these studies. How 
useful garlic is, however, in any of the conditions 
for which it has been used, still remains to be 
shown. 

Dr. Reaper: Is there anyone who has any 
questions he would like to put to Dr. Kean? 

Visrron: What are the doses of these drugs for 
pinworm? 

Dr. Kean: In the case of terramycin 1 gm. a 
day is given to adults and proportionately lower 
doses to children for three days. The adult dose 
of piperazine citrate is 0.5 gm. three times a dav 
for seven to ten days. It is not at all toxic so that 
the same dose could be used for children but it is 
usually recommended that children under the 
age of five receive 0.1 to 0.2 gm. three times a 
day. The dose of gentian violet for adults is 1 gr. 
(65 mg.) there times daily. The daily dose for 
children is 349 gr. (9 mg.) for each year of age. A 
child of six would receive two tablets three times 
daily, each tablet containing 349 gr. (9 mg.). 

Dr. Grace: What hygienic measures do you 
recommend for children? 

Dr. Kean: A lot depends on the harassed 
mother. The ideal course would be to wash and 
iron the pajamas daily. They do not need to be 
sterilized—washing and ironing are sufficient. 
We generally compromise and insist only on 
having the underpants washed and ironed daily, 
the pajamas twice a week. One hygienic meas- 
ure which I consider absolutely crucial is the 
shower in the morning, not at night, because it is 
in the morning that you wash away the eggs 
which are deposited during the night. This is not 
so easy to accomplish for mothers seem to be 
averse to giving the child a shower in the morn- 
ing and then exposing him to the elements. If 
there are several children in the same household, 
the difficulty of getting this done is compounded. 
The fact remains that a shower at night, while it 
may be good for other purposes, is not any good 
for the treatment of pinworms. 

Dr. READER: What about enemas? 

Dr. Kean: There is considerable demand for 
enemas in the treatment of pinworm. The 
mother thinks that something is really being 
done when a pinworm or two is washed out. The 
fact is that enemas have never proved successful 
in Curing pinworm no matter what has been put 
in the solution. ‘There are also psychologic rea- 
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sons for not giving enemas to a child every night 
of the week. This consideration might be set 
aside if only the enemas were effective, but 
they are not. 


SUMMARY 


Dr. B. B. Roy: Parasitic diseases of the intes- 
tine are numerous and present a variety of 
problems in -egard to incidence, clinical types, 
economic groups in the population and geo- 
graphic situations. Indeed the problems of 
treatment envisage more than the choice of a 
remedy. The most efficacious therapy is not 
necessarily the one suitable for adoption in a 
particular area or instance. Considerations 
include toxicity, ease of administration, cost and 
length of medication, and the patient’s ability to 
cooperate in a therapeutic regimen. It can hardly 
be expected to cover the entire field in one 
session. 

Dr. Kean wisely selected for discussion a few of 
the diseases commonly encountered in the New 
York City area. However, these are not peculiar 
to this city but are widely prevalent throughout 
the world, and this fact has added wider signif- 


- jicance to the discussion. This session has been 


profitable in developing the perspective neces- 
sary for an aporeciation of the general problems 
of treatment of parasitic infections of the 
intestine. 

A long list of drugs is available for therapy in 
intestinal infections, some old, some new. The 
point was made that reported results of various 
treatments should be regarded with suspicion, 
inasmuch as initial evaluation seldom presents 
the ultimate acts. In intestinal amebiasis, be- 
cause of unsatisfactory results with individual 
drugs, the treatment plan discussed includes 
a combination such as emetine, an antibiotic and 
an arsenical; additionally, in cases of recurrence, 
a halogenated hydroxyquinone derivative. De- 
tails regarding choice of drugs, dosage, length of 
medication ard related problems were outlined 
and discussed. There was considerable discussion 
regarding the course to be adopted in cases of 
asymptomatic amebiasis. The consensus of 
the Conference was that in view of the public 
health aspects of the problem and the potential 
danger of heoatitis such patients should be 
treated wherever practicable using the same 
plan suggestec for acute amebic dysentery. It 
was pointed ovt that these patients who thought 
they were in good health felt much better after a 
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course of therapy. Other items of interest in- 
cluded the comparative efficacy 5f aureomycin 
and terramycin, the role of stress in precipitating 
attacks of amebic infection by incucing changes 
in intestinal mucosa and the relat onship, if any, 
between amebiasis and ulcerative colitis, as well 
as the question of whether cysts formed in the 
intestine of a host can divide and release 
trophozoites without crossing the gastric barrier 
of a new host. In hepatic amebias s the lesion is a 
localized abscess and not a difuse hepatitis. 
Recently chloroquine has shown promising 
results but perhaps it is not yet safe to use it to the 
exclusion of emetine. The effect of terramycin, 
which is sometimes spectacular, is related to 
eradication of associated bacteria: infections, not 
' to any specific action on amebas 

Atabrine, now rarely used: as an antimalarial, 
has recently found two useful applications in the 
treatment of infections caused by G. lamblia and 


tapeworm. In the former it is the standard drug. 
In the latter it is at present preferred to the 
clasic remedy, oleoresin of aspidium. The 
problem in tapeworm infections is to get a high 
concentration of the drug to act at the site to 
which the head of the worm is attached. The 
mode of administration in this disease is therefore 
a decisive factor. Details of preparation of the 
patient, administration of. medication and 
evaluation of the results were fully discussed. In 
pinworm infection the importance of hygienic 
measures has been emphasized. Since the life of 
the female worm is about eight weeks, preven- 
tion of reinfection for this period could eradicate 
the disease by hygienic measures alone. How- 
ever, it is current practice to combine hygienic 
measures with drugs. It is noteworthy that 
enemas, a time-honored favorite, are considered 
ineffective no matter which drugs may be 
employed. 
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TWENTY-SEVEN year old white male sales- 
A man (No. 108212) was admitted to the 
Barnes Hospital on June 23, 1954, com- 
plaining of severe dyspnea. 

The patient had been in good health until the 
age of nine years when a febrile illness developed 
characterized chiefly by painful swollen knee 
joints and two episodes of epistaxis. Diagnoses of 
acute rheumatic fever and rheumatic heart 


disease were made at the St. Louis Children’s ` 


Hospital. He was sent to a children's convales- 
cent home where he remained for two years 
without apparent symptoms of rheumatic 
activity. He remained at bed rest for two or three 
months after returning home. 

Despite the knowledge that he had a “bad 
heart," the patient was able to resume full 
activity during the next twelve years with only a 
few restrictions. He finished high school, avoid- 
ing all athletic activities except for occasional 
swimming. He did not complain of dyspnea 
except on marked exertion. 

One year before admission his physician noted 
irregular heart action and prescribed digitalis 
which the patient took regularly until admission 
to this hospital. Four months before admission he 
had a “wisdom tooth” extracted, receiving no 
medication before or after the procedure. Six 
weeks later he noted the onset of dyspnea on 
moderate exertion and sleeplessness. Shortly 
thereafter attacks of sudden breathlessness oc- 
curred which would awaken him at night. 
These symptoms progressed until he was forced 
to quit work a few days before admission because 
of dyspnea on minimal activity, marked weak- 
ness and inability to sleep except in the sitting 
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position. He was referred to this hospital for 
evaluation. 

His mother and two siblings were in good 
health, although the mother allegedly had had 
“rheumatic fever” in childhood. The father and 
his three sisters all had *goiters." The pa- 
tient’s personal and social histories were 
non-contributory. 

Physical exemination at the time of admission 
revealed a temperature of 37.5°c., pulse 72 
with irregula- rhythm, respirations 24 and 
blood pressure 158/60. The patient was a thin, 
chronically ill white man in no acute distress at 
rest. The skir was warm and moist with no 
petechiae. Ma-ked palmar erythema was noted. 
No “splinter” hemorrhages were seen. There 
was no significant lymphadenopathy. The optic 
fundi were ncrmal and a definite lid lag was 
present. Several definite petechiae were seen on 
the hard palzte. The thyroid gland was not 
enlarged. Except for a slight precordial bulge 
the configuraion of the chest was normal. 
Examination cf the lungs was not remarkable. 
Inspection of tae precordium revealed a diffuse 
point of max.mum impulse in the sixth inter- 
costal space at the anterior axillary line. A thrill 
was palpable in diastole over this area. The area 
of cardiac dullress was greatly increased, extend- 
ing from the left anterior axillary line to 3 cm. 
to the right o7 the sternum. A grade Iv high 
pitched decrescendo diastolic murmur was heard 
along the left sternal border. Over the aortic 
area a grade m harsh systolic murmur was 
present, radiating toward the neck vessels. A 
grade 1v harsh systolic murmur was heard over 
the cardiac apex. A sharply localized grade 11 
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rumbling murmur heard throughout diastole 
was present at the point of maximum impulse. 
The cardiac rhythm was totally irregular with- 
out pulse deficit. The patient’s head nodded 
perceptibly with cardiac systole, a capillary 
pulse was present and “‘pistol-shat’’ sounds were 
heard over the femoral arteries. Liver dullness 
was encountered 2 cm. below the right costal 
margin. The spleen was easily palpable 4 cm. 
below the left costal margin. No pretibial 
edema was present. Neurologic examination was 
within normal limits. 

The laboratory data were as follows: red 
blood cell count, 5,630,000; hemoglobin, 13 gm. 
per cent; white blood cells, 4,750; differential: 
basophils, 2 per cent; stab forms, 2 per cent; 
segmented forms, 65 per cent; lymphocytes, 
25 per cent; monocytes, 6 per cent. Platelets 
appeared adequate in number. Urinalysis: 
specific gravity, 1.020; reaction, 6.5; protein, 
3 plus; sugar, negative; microscopic, 10 to 20 
red blood cells per high-power field. Blood 
cardiolipin: negative. Blood chemistry: non- 
protein nitrogen, 23 mg. per cent; total proteins, 
5.0 gm. per cent; albumin, 3.9 gm. per cent; 
globulin, 2.0 gm. per cent; protein-bound 
iodine, 4.9 ug. per cent; cepkalin cholesterol 
flocculation, negative; thymol turbidity, 0.9 
units. Roentgenogram of the chest: marked 
cardiac enlargement with left auricular and left 
ventricular enlargement; rheumatic heart dis- 
ease with mitral stenosis and aortic insufficiency. 
Electrocardiogram: slow auricular fibrillation, 
left ventricular enlargement and digitalis effect. 
Culture of the throat: heavy growth of neisseria; 
few beta-hemolytic streptococci. Antistreptolysin 
“O” titer: 100 units. C-reactive protein: 1 plus. 
Sedimentation rate: 7 mm. per hour, corrected. 

Shortly after admission seven blood cultures 
were drawn. Over the next three weeks these 
cultures revealed no growth and were discarded. 
On the second hospital day the patient was 
given antibiotic therapy with aqueous penicillin 
10 million units per day, and streptomycin 
0.5 gm. every six hours. Throughout the hospital 
course the patient was maintained on a 2 gm. 
salt diet and digitalis leaf 0.1 gm. per day, by 
mouth. On the third hospital day temperature 
rose to 38.5?c., and fluctuated between 38? and 


39°c. for the next five days. During the first ten . 


days in the hospital the patient remained com- 
fortable, complaining only of pain at the site of 


the needle injections. During this period eight - 


microscopic examinations of the urine revealed 
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between 10 and 50 red blood cells per high- 
power field; the sedimentation rate rose slightly 
to 18 mm./hour, corrected. After the seventh 
hospital day temperature did not rise above 
38.5°c., but reached a level of 38?c. daily. 

On the twelfth hospital day generalized 
urticarial wheals developed which were at- 
tributed to the penicillin therapy. Penicillin 
treatment was discontinued for about twenty- 
four hours, and urticaria disappeared during 
pyribenzamine? therapy. The previous penicillin 
regimen was resumed the following day and the 
patient had no further reaction. About this 
time many more petechiae were noted on the 
hard and soft palate, although none were seen 
elsewhere. The patient continued to be free of 
respiratory distress. The spleen continued to be 
easily palpable. 

During the fourth week of hospitalization the 
antistreptolysin “O” titer was 100 units; the 
C-reactive protein test was negative and the 
white blood cell count was 14,900 per cu. mm. 
Low grade fever and moderate tachycardia con- 
tinued but the patient remained free of any 
distress. 

Six days before his death penicillin therapy 
was discontinued. The following day four blood 
cultures and one bone marrow culture were 
obtained. These cultures had revealed no 
growth at the time of the patient's death. Four 
days before his death the patient's temperature 
fell to levels below 37.6?c. and remained below 
this level. On the thirty-first hospital day the 
patient was found lying across the bed gasping 
for breath with a thready, rapid pulse. Blood 
pressure was not obtainable and cardiac action 
ceased within a few minutes on July 27, 1954. 

Dn. EpwARD REINHARD: The patient we are 
considering was a twenty-seven year old white 
salesman who was admitted to Barnes Hospital 
on June 23rd with the chief complaint of 
dyspnea. He had been in good health until the 
age of nine years when a febrile illness developed 
characterized chiefly by painful, swollen knee 
joints and two episodes of epistaxis. This illness 
was diagnosed as acute rheumatic fever and 
rheumatic heart disease. Three months prior to 
admission the patient had a “wisdom tooth" 
extracted, receiving no medication before or 
after the procedure. Six weeks later he noted 
onset of dyspnea characterized by sleeplessness, 
shortness of breath and attacks of nocturnal 
breathlessness.. On physical examination his 
temperature was slightly elevated, pulse was 
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normal in rate but with an irregular rhythm, 
respiratory rate was increased and he had 
slight systolic hypertension with increased 
pulse pressure. There was a grade iv harsh 
systolic mitral murmur and a diastolic mitral 
murmur which was sharply localized to the 
point of maximum impulse, of grade 1u intensity, 


and rumbling throughout diastole. Dr. Massie, we - 


may assume that this patient had rheumatic heart 
disease. Would you specify the valvular lesions? 

Dn. Epwarp Massie: With respect first to the 
aortic valve, a loud systolic murmur at the 
aortic area and a diastolic murmur at that area 
and along the left sternal border would be 
accounted for by aortic stenosis and aortic 
insufficiency. Concerning the mitral valve, an 
apical systolic and a diastolic rumbling murmur 
would indicate that the patient had mitral 
stenosis and mitral insufficiency. Of course if we 
did not suspect rheumatic heart disease so 
strongly, one might consider the diastolic mur- 
mur at the apex an Austin Flint murmur. I am 
sure, however, that the patient had aortic 
stenosis, aortic insufficiency, mitral stenosis, 
mitral insufficiency and auricular fibrillation. 

Dr. REINHARD: The house staff did not diag- 
nose aortic stenosis. That is a question of inter- 
pretation of the significance and intensity of this 
murmur and is hard to determine from reading 
a chart. It is easier to tell when you have heard 
the murmur. Is that not correct? 

Dr. Massie: That is right. Of course, if one 
had a systolic thrill at the aortic area with a 
loud murmur as described here one would have 
incontrovertible evidence of aortic stenosis. I 
believe, however, that with a rheumatic history, 
a systolic murmur at the base and an associated 
aortic insufficiency there should be some con- 
comitant aortic stenosis. 

Dr. REINHARD: It was stated in the protocol 
that the rhythm was grossly irregular, from 
which we conclude that the patient had auricular 
fibrillation. The first five electrocardiograms are 
worthy of comment. Dr. Paine has seen the en- 
tire set of records. 

Dr. Ropert Paine: These tracings bear out 
the diagnosis of auricular fibrillation. The 
changes as reported in the protocol indicate 
there was left ventricular strain and probable 
digitalis effect. The electrocardiogram did not 
show anything that would verify the presence of 
right ventricular enlargement, but certainly 
the record did not exclude right ventricular 
enlargement. 
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Dr. REINEARD: Let us proceed to the non- 
cardiac findings. It was stated that the patient 
had marked palmar erythema. There were 
petechiae on <he hard palate which appeared in 
larger numbers later on during the patient’s 
hospital course. A definite lid lag was reported, 
liver dullness was noted 2 cm. below the right 
costal margin and the spleen was definitely felt 
4 cm. below the left costal margin; temperature 
ranged from 37° to 39°c. and the pulse was in 
proportion to-the fever. The laboratory findings, 
as you will recall, showed a white cell count of 
4,750 on adrnassion, and a little later on leuko- 
cytosis to 13,920 was noted. The differential was 
unremarkable. There was an albuminuria of 
3 plus on admission and hematuria on twelve 
separate urinalyses. Two urinalyses did not 
show red cells. The total plasma protein was 
5.9, of which 2.0 gm. per cent was globulin and 
3.9 albumin. The protein-bound iodine was 
4.9 and the secimentation rate rose from 17 mm. 
per hour on admission to 18 mm. per hour cor- 
rected. The aatistreptolysin “O” titer was 100 
units on admssion and had not changed four 
weeks later. T Ee C-reactive protein on admission 
was 1 plus; four weeks later it was negative. 
Dr. Elliott, wold you discuss the x-rays? 

Dn. GrAprreN V. ELLioTT: This patient had 
two examinations of the chest, one on the day 
after entry to the hospital, another one week 
prior to his death. Both examinations disclosed 
massive cardiac enlargement, with a tremendous 
left ventricle aad huge left auricle producing a 
double densitv along the posterior margin. The 
lateral view substantiated this by showing 
displacement o: the esophagus posteriorly by the 
left auricle. The lung fields on both examina- 
tions were essertially clear with calcified primary 
complex on the left and calcified hilar nodes. ‘The 
vessels were not at all prominent. 

Dr. REmHaap: Dr. Zimmerman, I under- 
stand that you made a study last year of the 
incidence of an elevated basal metabolic rate in 
valvular heart disease. Would you discuss the 
significance of tais patient's lid lag? The protein- 
bound iodine was a little low, if anything. 

Dn. HERBERT ZIMMERMAN: It has been known 
for a long time zhat there are diseases associated 
with hypermezabolism which are not thought 
to be due to thyrotoxicosis. In 1947 Drs. Levine 
and Smith reported! four cases of aortic stenosis 


1 SMITH, J. A. and Levine, S. A. Aortic stenosis with 
elevated basal metabolic rate simulating hyperthy- 
roidism. Arch. Int. Med., 80: 265, 1947. 
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in which there were hypermetabolism, com- 
plaints of nervousness, weight loss and, in one 
patient, a definite lid lag and proptosis. These 
patents all came to postmortem examination 
with normal thyroids. Also, it might be added 
that they were all treated with Lugol's solution, 
with no response. Last year I reviewed the 
records of all patients in this hospital during the 
past five years having a diagnosis of aortic 
stenosis. There were over seventy cases, among 
which five patients had unexp.ained elevated 
basal metabolic rates. I do not know whether one 
can say with certainty that these patients did not 
have hyperthyroidism, but the evidence seems to 
indicate that this syndrome can be found in pa- 
tients with aortic stenosis. 

Dr. Wir.LiAM Daucuapay: Lid lag is a physi- 
cal sign which is very difficult to evaluate, 
particularly on the initial physical examination, 
because lid lag even in thyrotoxicosis is due to 
increased sympathetic tone. This is mimicked 
by anxiety to a great extent. Frequently lid lag 
is noted on our first examination of a patient 
who does not have thyrotoxicosis; then when 
we return at a later time we find that the lid 
lag has disappeared. 
^. Dn. Remmar: It may not, then, have any 
specific significance other. than as a manifestation 
of anxiety. We can all agree, at least, that there 
is nothing else to suggest that this patient had 
any thyroid disturbance. Dr. Rouse, we all seem 
to think that this patient had classic rheumatic 
heart disease. He had a febrile illness, petechiae, 
splenomegaly and hematuria. Certainly a 
bacterial endocarditis would have to be seriously 
considered. Do you believe that this patient had 
some type of bacterial endocarditis? 

Dr. Ernest T. Rouse: Those points you men- 
tion are in favor of it, Dr. Reinhard. The pa- 
tient had one very striking negative finding, 
though, his blood cultures. I personally believe 
he did not have endocarditis. 

Dr. REINHARD: What was the cause of his 
terminal illness? 

Dr. Rouse: He may well have had acute 
rheumatic fever, although there are many factors 
against that diagnosis also. The hematuria and 
petechiae can be features of rheumatic fever, due 
to the arteritis which can accompany that 
disease. Specifically against the diagnosis of 
active rheumatic fever are the serologic findings, 
the C-reactive protein concertrations and the 
antistreptolysin titers. 

Dr. REINHARD: Dr. Glaser, would you discuss 
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those findings and also tell us whether you 
think this patient had bacterial endocarditis or 
acute rheumatic fever, or neither? 

Dr. RoBERT J. GLASER: As far as the serologic 
findings are concerned, I agree with Dr. Rouse 
that the failure of the antistreptolysin “O” titer 
to rise to some extent, and, more importantly, 


"the failure of the C-reactive protein to be ab- 


normal are both against the diagnosis of acute 
rheumatic fever. The latter test in particular is of 
value as a method of following patients. It is not 
a specific test of rheumatic fever but in over 90 
per cent of rheumatic patients followed up for a 
period of time the C-reactive protein test 
will be positive; that really is its most valuable 
usage. It is not infallible, but its absence here 
would tend to make me reluctant to make the 
diagnosis of rheurnatic fever. Clinically there are 
good reasons to assume that this man may have 
had acute rheumatic fever. It is said that many 
patients with advanced rheumatic heart disease, 
when they go into failure or into their terminal 
ilIness, do have a reactivation of the process. 

Dr. REINHARD: Even if we agree that this 
patient might have had a reactivation of acute 
rheumatic fever terminally, do you think this 
would have accounted for his entire terminal 
course? 

Dr. GrasEn: No. It should be mentioned that 
acute rheumatic fever is said to develop not in- 
frequently in patients who have subacute 
bacterial endocarditis. If one belongs to the 
orthodox streptococcal school, the streptococci 
that. cause subacute bacterial endocarditis are 
not usually the ones that have to do with rheu- 
matic fever. This patient may well have had 
subacute bacterial endocarditis, but I agree with 
Dr. Rouse that tne negative blood cultures, par- 
ticularly with the technic Dr. Harford has set up 
in our clinical laboratory, are against it. 

Dr. REINHARD: Two primary diagnoses have 
been suggested, namely, subacute bacterial 
endocarditis and acute rheumatic fever. Dr. 
Smith, do you prefer either of these two, or 
something else? 

Dr. Jonn R. Surrg: This patient displayed 
sufficient evidence of subacute bacterial endo- 
carditis to justify the treatment. However, I 
think he died of myocardial insufficiency. I 
have seen patients with chronic rheumatic 
heart disease (with mitral stenosis) who ex- 
hibited this clinical picture in their terminal 
illaesses: that is, rapid deterioration of cardiac 
function and death within days or weeks. The 
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heart may be greatly enlarged. Dyspnea, 
sweating about the face and pallor may be 
striking, although systemic venous pressure may 
not be elevated and peripheral and pulmonary 
edema are minimal or absent. Fever often oc- 
curs but may disappear hours or days before 
death. The marked enlargement of the heart and 
collapsing peripheral circulation even suggest 
severe active carditis, although acute rheumatic 
lesions may not be found in the cardiac tissues 
at autopsy. The mechanism of death, therefore, 
is obscure, although the events indicate the 
occurrence of myocardial failure with con- 
comitant peripheral vascular collapse. 

Dr. GLASER: I would like to make one other 
point. I think that if this man had bacterial 
endocarditis the pathologist may well find that 
the process was healed. It is well known, par- 
ticularly in those patients with advanced heart 
disease, that many of the patients who are 
cured of endocarditis succumb subsequently to 
congestive heart failure. 

Dr. Reinuarp: Dr. Massie, I was not quite 
as impressed as Dr. Smith was that the evidence 
summarized in the protocol signified that he 
had any massive and overwhelming congestive 
failure. Still, he may have had failure. Do you 
think this was the cause of his death? 

Dr. Masse: On admission the findings in the 
lungs were not remarkable; there was no pre- 
tibial edema and certainly, from the description 
we have, heart failure was not prominent. 
Nevertheless, it probably was present. In his 
final days this patient might have had a fair 
number of pulmonary complications, but they 
probably were primarily pulmonary emboli; 
heart failure with pulmonary emboli would 
account for a good part of this patient’s terminal 
illness, including fever, without forcing us to 
consider rheumatic fever and endocarditis. 
However, I believe he had one of the latter two. 

Dr. REINHARD: Dr. Kingsland, does the fact 
that this patient had a tooth extracted six weeks 
before the onset of his terminal illness mean 
anything? 

Dr. RosBerr C. KiucsrAND: That was a fairly 
long interval, Dr. Reinhard. I do not believe 
you could tel! when the onset of symptoms of 
subacute bacterial endocarditis really occurred 
but, in my opinion, that was his underlying 
disease. ' 

Dr. REiNHARD: This is a very common event 
preceding the onset of subacute bacterial 
endocarditis, is it not? 
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Dr. Kings ann: It is. 

Dr. RziNHaRD: Dr. Paine, does the auricular 
fibrillation heve any influence on the incidence 
of bacterial endocarditis? 

Dr. Paine: It has been said that hearts that 
are fibrillating are less susceptible to endo- 
carditis. I bel eve this is true because fibrillation 
represents a final chapter in the evolution of 
rheumatic heart disease, when the valves are 
scarred and crganisms find it difficult to grow 
on them. It seems to me that this patient’s 
situation migit be interpreted in a third way. 
This might well be the occurrence of multiple 
emboli from a fibrillating heart. The episodes 
at the end weve mainly embolic. The reason the 
blood culture: were negative is that there were 
sterile emboli from the auricle. 

Dr. REmNHaRD: Would you get enough to 
produce large showers of petechiae in the skin 
and mucosa? 

Dr. Paine: I have seen that happen and J am 
sure that the behavior of the case generally 
fits that pattern. We could list several things 
that are consistent: this patient was not anemic, 
sedimentation rate was not very high and cul- 
tures were negative. 

Dr. Remuarp: It is customary to classify 
bacterial endccarditis into two types, the acute 
and the subacate, depending upon the rapidity 
of the progression of the disease in the untreated 
case. In general the acute rapidly progressive 
form is supposzd to be due to pyogenic bacteria, 
whereas the subacute type is associated with 
organisms of lower virulence. Dr. Jones of 
Iowa classifies any case of bacterial endocarditis 
as subacute if -he patient lives more than five or 
six weeks.” TLis patient had an illness lasting 
perhaps two and one half months before therapy 
was started, ard therefore if it was endocarditis 
it would have nad to be subacute. 

I have been impressed that staphylococcic 
endocarditis appears to be becoming more com- 
mon. It has been pointed out that petechiae and 
splenomegaly are common in streptococcal 
endocarditis ard much less common in staphylo- 
coccal endoca-ditis, whereas arthritis, cough, 
chest pain, meningitis and subcutaneous ab- 
scesses are corimoner in staphylococcal endo- 
carditis. On this basis we could agree that this 
man did not héve a staphylococcal endocarditis. 
If we concentréte only on those cases of bacterial 
endocarditis which run a subacute clinical 


*Jonges, M. Subacute bacterial endocarditis of non- 
streptococcic etiobgy. dm. Heart J., 40: 106, 1950. 
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course, most are due to streptocccci. The com- 
monly quoted figure is that 90 to 95 per cent of 
subacute cases are due to some variety of alpha- 
hemolytic streptococci. Dr. Wood, assuming 
that this patient did have bacterizl endocarditis, 
js there any information in the protocol which 
would lead you to doubt that this was due to 
' some strain of the alpha-hemolytic streptococcus? 

Dr. W. Barry Woop, Jr.: No I saw the pa- 
tient, as I recall, on the second or the third 
hospital day with the house staff and the stu- 
dents; at that point we had taken seven blood 
cultures. All agreed that this might be bacterial 
endocarditis and thought that ‘reatment was 
indicated. There were one or tvo things that 
bothered us. The white count was low; 4,750 for 
bacterial endocarditis of any kind is unusual. It 
can occur but is not a usual count. Also, no 
anemia was noted and the sedimentation rate 
was relatively normal. Althougn bothered by 
these factors, we thought the pazient should be 
treated. Dr. Massie has often rais2d the question 
about stopping treatment and putting the 
patient on salicylates. We were committed to 
treating this patient at the beginning and, I 
think, correctly. The question always arises as to 
how long one should maintain cherapy, and I 
would like to ask Dr. Massie if he thinks that we 
treated the patient for suspected endocarditis too 
long. Therapy was stopped afer twenty-one 
days. 

Dr. Massie: As a very arbitrary rule, I 
should advise that certainly one should treat for 
fourteen days. 

Dr. Reinard: Dr. Wood, do you believe 
that the fact that this patient did not respond 
too well to treatment with >enicillin rules 
out subacute bacterial endocarditis due to 
alpha-streptococci? 

Dr. Woop: It makes me think that the pa- 
tient probably did not have bacterial endo- 
carditis, Dr. Reinhard, because most cases of 
subacute bacterial endocarditis due to Strepto- 
coccus viridans respond to adequate anti- 
microbial therapy; this patient received intensive 
treatment and I would have expected a good 
response. The patients who do not respond are 
those who have drug-resistant organisms, par- 
ticularly in the enterococcus group. In these 
cases one can culture the organism from the 
blood, so the fact that there were no positive 
blood cultures plus failure to respond to penicil- 
lin leads me to agree with Dr. Pa.ne that perhaps 
this condition was old rheumatic heart disease 
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with resultant complications rather than either 
active rheumatic fever or endocarditis. 

Dr. REiNBARD: In the article in the American 
Heart Journal referred to previously, Jones 
reviewed from the literature all the cases of 
subacute bacterial endocarditis in patients 
living more than five or six weeks, excluding all 
cases of streptococcal origin. There are a large 
number of organisms that can cause subacute 
bacterial endocarditis, namely, Pseudomonas 
aeruginosa, micrococcus, Neisseria gonorrhoeae, 
Neisseria meningitidis, other neisseria, brucella, 
hemophilus, Diplococcus pneumoniae, gram- 
negative rods, corynebacterium, Mycobacterium 
tuberculosis and actinomyces. Í take it from 
what you said, Dr. Wood, that you believe that 
we do not have to consider seriously any of these. 

Dr. Woop: Dr. Harford has set our procedure 
in the laboratory now so that in these cases 
thioglycolate culture is made as well as a routine 
broth culture. With the methods now in use 
we would pick up most of the organisms that Dr. 
Jones has listed. We would not grow the tubercle 
bacillus but this is a pretty uncommon cause of 
bacterial endocarditis; certainly we would not 
worry about it too much. Most of the other 
organisms would grow out of the media that we 
use, with the possible exception of the brucella 
organism. 

Dr. REINHARD: Dr. Harford, perhaps we had 
better go back to the blood cultures in more 
detail. Seven blood cultures were drawn during 
the patient’s first twenty-four hours in the hospital 
before penicillin therapy was instituted. During 
this time the patient’s temperature did not go 
above 37.5?c. These cultures were done routinely 
and by special methods. They were all negative 
and were discarded at the end of three weeks. 
On the fifth hospital day two blood cultures 
were obtained. At that time the patient’s tem- 
perature was fluctuating between 38° and 39°c. 
Penicillinase was added to the cultures, which 
were also negative at the end of three weeks and 
were discarded. Five additional blood cultures, 
including at least one culture on a special 
medium for fungi, and a bone marrow culture 
were obtained during the last three weeks in the 
patient’s hospital course; none of these showed 
any growth at the time of the patient’s death. 
Now if this were bacterial endocarditis, what 
kind would you think most likely? Or do you 
think this was not bacterial endocarditis? 

Dr. Cart G. HArForp: We cannot exclude 
bacterial endocarditis on the basis of negative 
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blood cultures; I say that not because I think 
that the media would not grow the organisms 
concerned, but because there are forms of sub- 
acute bacterial endocarditis in which the disease 
can be diagnosed post mortem and organisms 
apparently are not actually in the blood. One 
of the prominent reasons is that the organisms 
are sometimes covered over by the fibrin of the 
vegetation and do not get into the blood stream. 
It has been pointed out that the fatality rate for 
patients with subacute bacterial endocarditis 
who do not have positive blood cultures is 
higher than for those in whom the diagnosis 
can be made by this procedure. One of the 
reasons often given is that treatment is not 
instituted because a definite diagnosis can- 
not be made. It seems to me that it was neces- 
sary to treat this patient for subacute bacterial 
endocarditis because of the general clinical 
picture and because that disease could not be 
excluded on the basis of the clinical data. 

Dr. REINHARD: This patient was thought to 
be improving by the physicians taking care of 
him. His temperature had certainly been lower 
for several days when he was found lving across 
his bed gasping; he died shortly thereafter. Dr. 
Smith, what do you suppose was the cause of 
death? 

Dn. SurrH: It could be reasonably argued 
that massive pulmonary embolism occurred, or 
that a deleterious cardiac arrhythmia super- 
vened to evoke sudden death. Heart failure 
may occur without peripheral vascular con- 
gestion. On the other hand, in the usual case of 
congestive heart failure, it would seem that the 
venous transport of blood from the periphery 
(by capillary vis-a-tergo and other propulsive 
forces) exceeds the capacity of the heart to 
accept venous blood for onward passage. Venous 
congestion then gradually occurs and becomes 
intensified by salt and water retention and 
resultant expansion of blood volume. However, 
it seems to me that in the clinical instance here 
myocardial failure progressed to the point where 
life could not be supported, but with sufficient 
vascular blood pooling (possibly venular) so 
that venous engorgement was not apparent. 

Dr. Massie: The patient had aortic stenosis 
in which sudden death is always a possibility; 
of course, the patient could have had a cerebral 
embolus. 

Dr. Woop: Dr. Massie, would a central 
embolus cause a patient to die this rapidly? 

Dr. Massie: Your point is well taken. Aortic 


OCTOBER, 1955 


635 
stenosis with sudden death or pulmonary 
embolism are the two most likely possibilities. 

Dn. GrasER: One other lesion, the so-called 
non-bacterial thrombotic endocarditis, could 
have produced this picture. It is postulated that 
some of those people have had bacterial endo- 
carditis which is healed in the manner in which 
Dr. Harford suggested, and pieces of sterile 
vegetation break off. We have seen at least one 
patient in this hospital with a resistant strain of 
endocarditis who obtained a spontaneous cure 
and was a candidate for that sequence. She has 
rheumatic heart disease and she obviously has 
vegetations which are no longer infected. That 
is one other possibility. 

Dr. REINHARD: One would state that this 
patient might have had thrombotic endocarditis, 
but it would be perhaps unlikely that that would 
be the explanation of the whole terminal illness. 
Would you agree? 

Dr. GLASER: Yes. 

Dr. Harrorp: This patient did not have 
anemia. Could that be explained by a rela- 
tively short period of time having elapsed since 
the onset of a possible subacute bacterial 
endocarditis’ 

Dr. REINHARD: Yes, certainly the anemia due 
to chronic infection does require a certain length 
of time to develop, depending upon the severity 
of the infection. A low-grade infection such as 
one has on the heart valve might persist for a 
good many months before any significant 
anemia would develop. That is quite possible. 

Dr. Hanronp: How long had the patient had 
symptoms? 

Dn. REINHARD: It is difficult to say just 
when the terminal illness began, but he had had 
symptoms for two and a half months. They were 
strikingly different from those symptoms he 
exhibited prior to that time. The house staff 
diagnosed the condition as rheumatic heart 
disease with mitral and aortic involvement, 
chronic auricular fibrillation, subacute bacterial 
endocarditis and rheumatic heart disease sus- 
pected. I think it is impossible to make a definite 
diagnosis here but I prefer a diagnosis of some 
form of subacute bacterial endocarditis. The 
patient might well have had multiple emboli and 
I believe did have multiple emboli associated 
with the final hours of his life. 


PATHOLOGIC DISCUSSION 


Dr. DaNiEL L. RosENsTEIN: The most signifi- 
cant gross pathologic lesions were in the heart, 
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Fic. 1. The heart with left atrium and ventricle opened 
through mitral valve to show greatly thickened myo- 
cardium and scarring and stenosis of valve. 


kidnevs, spleen and lungs. The heart weighed 
840 gm. and was greatly enlarged. Figure 1 is a 
photograph of the opened left ventricle and 
atrium. The atrium was dilated and thick walled 
and there was a patch of thickened, rough 
endocardium above the posterior leaflet of the 
mitral valve. The thickness of the myocardium 


of the left ventricle was 16 mm. and that of 
the right was 6 mm. Small scattered foci of 
fibrosis were grossly discernible in the posterior 


wall of the left ventricle. The aortic valve had 
thickened cusps, the edges of which were 
contracted and rolled toward the sinuses. There 
were adhesions between the cusps at the com- 
missures, and between two of the cusps there was 
a lobulated calcified mass 5 mm. in diameter. 


The position of the cusps of this valve were 
such that it was undoubtedly insufficient. The 
mitral valve leaflets and chordae tendinae were 


greatly thickened and the valve moderately 
stenotic. The comuinissures were blunted bs 
fibrous adhesions and in each leaflet there was a 
small calcified mass. 


The kidneys were moderately congested and 
in the lower pole of the left kidney there was a 
deep sharp scar of the type that follows healing 
of an infarct. The spleen was enlarged to a 
weight of 345 gm. and was congested. The paren- 
chyma contained prominent follicles. There was 
also moderate congestion of the liver and the 
mucosa of the upper gastrointestinal tract. The 
lungs were somewhat firmer than usual. Their 
color was tan and on incision there was minimal 
evidence of edema. 

In summary the most significant findings were 
chronic passive congestion of the lungs and 
cardiomegaly which was predominantly left- 
sided with the anatomic findings of aortic 
insufficiency and mitral stenosis with some 
calcification. 

Dr. W. STANLEY HanrRorr: The central 
findings in this case are those of old scars in the 
endocardium, myocardium and valves of the 
heart with no evidence of active lesions. The 
myocardial scars are quite typical of those found 
in cases of old rheumatic myocarditis. Figure 2 
illustrates such an area with fragmented ends of 
atrophic myocardial fibers buried in a rather 
loose fibrous stroma. These isolated fragments of 
muscle were once thought to be the source of 
the Aschoff cells in rheumatic nodules but are 
more typical of the late stages of the lesion and 
are now interpreted as an effect of the inflamma- 
tion and scarring rather than a specific part of 
the inflammatory response. Figure 3 shows one 
of the typical, smaller and rather fusiform scars 
about blood vessels of the interstitial septa. This 
slide was stained by the periodic acid-Schiff 
method and the rather amorphous dark mass in 
the center of the illustration stained positively 
in the manner of the so-called mucopolysac- 
charides rather than like the non-specific 
reaction of ordinary fibrous tissue in a scar. 
These remnants have been said to represent 
the tombstones of Aschoff nodules. If so, they 
are the only evidence that is even suggestively 
specific of the rheumatic process in this 
patient. 

Microscopic sections of the lungs show dilated 
alveolar spaces that are held rigidly open by 
turgid capillaries. This might be called pseudo- 
emphysema, but it is not true emphysema as the 
walls of the alveoli are intact. The advanced 
congestion of all the small pulmonary vessels 
and the capillaries is well shown in Figure 4 in 
which the erythrocytes are stained darkly. 
Despite the congestion there is very little 
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ric. 2. Focus of fibrosis in myocardium with atrophy and fragmentation of muscle fibers. This ap- 
pearance is often seen in chronic heart disease following rheumatie fever. 

Fic. 5. Fusiform interstitial and perivascular nodule in the heart. Location and shape of these scars 
is reminiscent of Aschoff nodules and the amorphous material in the center stains with periodic 
acid-Schiff stain in the manner of fibrinoid. 

Fic. 4. Advanced congestion of capillaries and small arteries in the lung. Turgid capillaries hold 
open the alveoli. 


Fic. 5, Alveolus with greatly thickened basement membrane in alveolar wall. 
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Fic. 6. Hemosiderin-laden phagocytic cells that lie within alveolar walls as well as being free in the 


lumen. 


Fic. 7. Advanced arteriosclerosis of small pulmonary artery that has progressed almost to point of 
occlusion and is thought to have originated on basis of organization of small emboli or mural thrombi. 


precipitate in the alveoli to indicate the presence 
of a protein-containing edematous fluid. Figure 
5 shows advanced thickening of the basement 
membrane of an alveolar septum. This is not 
generalized throughout the lung but is present 
here and there. All this material is very abnormal 
and where present would obvicusly make the 
interchange of gases inefficient. 

In this lung, in addition, there are manv 
macrophages which are filled with hemosiderin. 
A few of these can be seen peeling from the wall 
of the alveolus in the lower right corner of Fig- 
ure 5. The origin of these cells has been debated 
for many vears, but in this lung there are places 
such as that shown in Figure 6 where the cells 
appear actually to lie in the alveolar septal 
membrane suggesting that they have their 
origin there. 

A final prominent lesion in these lungs is à 
widespread advanced arteriosclerosis and arterio- 
losclerosis. This is shown in the vessel in Figure 
7 where the lumen is ridiculously small for the 
size of the vessel. Such vessels are almost typical 
of chronic mitral stenosis. Recent studies have 
strongly suggested that these lesions arise. by 
organization of small emboli and mural thrombi 


and lead to the pulmonary hypertension found 
with mitral stenosis. This represents a reversal 
of the older interpretation that hypertension 
preceded the development of the vascular 
sclerotic lesions. 

The microscopic changes in the other viscera 
were not very striking. In the spleen there was 
moderate congestion and follicular hyperplasia 
that could have been perhaps associated with 
the mild penicillin reaction experienced by 
the patient. The scar in the kidney had the 
typical appearance of a healed infarct, but 
the microscopic appearance of the arteries at its 
apex suggested it may have resulted from an 
arteritis associated with the rheumatic fever 
rather than simply an embolus. In the liver 
there was a suggestion of atrophy of the centri- 
lobular cells secondary to the mild congestion 
present in nearly all the organs. 

In summary, the pathologic changes were 
those of a definite chronic endocarditis with 
mitral stenosis, aortic insufficiency and myocar- 
dial scarring accompanied by definite but not 
advanced evidence of congestion in most of the 
viscera. ‘These are exactly the findings that 
occur in the type of case to which Dr. Smith 
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referred. There is little evidence of the changes 
of advanced congestion and edema of the lungs 
and other viscera seen in acute myocardial 
failure as it is generally recognized. The changes 
that are present seem perfectly compatible 
with the physiologic explanations offered by Dr. 
Smith. 

Final Anatomic Diagnoses: Chronic endocarditis 
with mitral stenosis and aortic insufficiency; 
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hypertrophy and dilatation of the heart with 
myocardial scarring; chronic passive congestion 
of the lungs; moderate congestion of the liver, 
spleen, kidneys and mucosa of the gastroin- 
testinal tract. 


Acknowledgment: Illustrations were made by 
the Department of Illustrations, Washington 
University School of Medicine. 
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SYMPOSIUM ON JAUNDICE (MODERATOR, LEON mammalian organism. Studies are now in 
SCHIFF, CINCINNATI, OHIO) progress on the possible conversion of other 
naturally occurring porphyrin compounds to bile 


METABOLISM OF BILE PIGMENTS. rving M. 
London. New York, N. Y. 

Hemoglobin, myoglobin and the respiratory 
heme enzymes occupy a central role in metabolic 


pigment. 


INTERRELATIONSHIPS AMONG HEPATIC TESTS. 
Leslie Zieve. Minneapolis, Minn. 


processes for they are concerned with the proc- From a study of interrelationships among liver 
esses by which oxygen is made available to the function tests one may expect to (a) bring out 
animal cell and with the processes of cellular relationships not apparent on the surface, (b) 
oxidation. In the biologic synthesis of heme, discover the tests having independent signifi- 
elycine and succinate are utilized for the forma- cance, and (c) find a rational basis for discard- 
tion of delta-amino-levulinic acid from which a ing tests. Such an analysis as applied to patients 
monopyrrole, probably identical with porpho- with acute viral hepatitis revealed that each ot 
bilinogen, is formed. This monopyrrole can be nine quantitative tests representative of the 
converted to uroporphyrin, coproporphyrin and gamut of hepatic tests was effective in differ- 
protoporphyrin. entiating the patient with hepatitis from the 

The conversion of hemoglobin to bile pigment normal. All nine taken together in optimal 
may proceed via the formation of choleglobin. combination were no better than four of the tests 
Evidence is presented to indicate that this taken in combination. The observed effectiveness 
conversion might also proceed via hematin. of the five tests (galactose tolerance, thymol 
In the intestine bilirubin undergoes a series of turbidity, per cent cholesterol esters, serum 
reductions to mesobilirubinogen and sterco- bilirubin and urine urobilinogen) not having 
bilinogen which on oxidation yield urobilin and independent significance was accountable in 
stercobilin, respectively. In the presence of terms of the four having independent significance 
infection, or after the administration of certain and comprising the minimal combination. These 
antibiotics orally, a dextroro:atory urobili- four tests were (1) bromsulfalein retention, (2) 
rubinogen is formed which on oxidation yields zinc sulfate turbidity, (3) hippuric acid excre- 
dextrorotatory urobilin. tion, and (4) coproporphyrin excretion. The 

Recent studies on the direct and indirect van largest contribution to the observed effectiveness 
den Bergh reactions indicate qualitative differ- of the five tests without independent significance 
ences in the chemical constitution of the pig- was made by factors underlying the copro- 
ments which give these reactions. porphvrin test. 

Studies on the origin of bile pigment indicate In a similar group of patients with cirrhosis, 
that in normal man at least 10 to 15 per cent of thesame four tests were found to have independ- 
total bile pigment is derived from one or more ent significance. Unlike the hepatitis cases the 
sources other than the hemoglobin of mature largest contribution to the observed effectiveness 
circulating erythrocytes. In disease states such as of the five tests without independent significance 
pernicious anemia and congenital porphyria the was made by factors underlying the brom- 
proportion. derived from alternative sources sulfalein test. 
may be increased. Investigation of the nature of A simple analysis of the relationship of various 
these alternative sources has revealed that tests to the degree of bilirubinemia in patients 
hematin can be converted to bile pigment in the with cirrhosis, viral hepatitis and obstructive 
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jaundice resulted in the following observations: 
Percentage cholesterol esters was largely depend- 
ent on the degree of jaundice in each of the three 
groups. A moderate correlation between brom- 
sulfalein retention and bilirubinemia was ob- 
served in each of the three disease groups. An 
inverse relationship, similar in magnitude, 
was noted for the hippuric acid test in the cir- 
rhosis and hepatitis patients. With two excep- 
tions, no appreciable correlation with the degree 
of jaundice was noted for the galactose tolerance, 
urinary coproporphyrin, urinary urobilinogen, 
cholesterol, thymol turbidity, zinc turbidity, 
cephalin flocculation and alkaline phosphatase 
tests. The galactose tolerance and urinary 
coproporphyrin tests each correlated moderately 
well with the degree of jaundice in the hepatitis 
patients only. Though the alkaline phosphatase 
is usually increased in the presence of obstructive 
jaundice, no relationship was observed between 
the degree of abnormality and the degree of 
jaundice. 


HEPATITIS WITH MANIFESTATIONS SIMULATING 
BirE Ducr OBSTRUCTION (‘‘CHOLANGIOLITIC” 
Hepatitis). Edward A. Gall. Cincinnati, Ohio. 


This study is concerned with the lesions ob- 
served in liver biopsy specimens from fourteen 
patients in whom the initial clinical course in- 
correctly indicated major biliary duct obstruc- 
tion. This information and that gathered from 
clinical and laboratory observations were com- 
pared with similar data derived from thirty- 
five patients with classical viral hepatitis. The 
patients with obstructive manifestations proved 
to be in the older age range with more pro- 
longed jaundice. Other clinical features were 
similar in both groups although those simulating 
obstruction more often exhibited pruritus, 
acholic stools, elevation of blood lipids and 
serum alkaline phosphatase, and negative results 
with the flocculation tests. 

The histologic pattern varied somewhat but 
there was an obvious relationship between the 
two, and the lesion contrasted strikingly with 
those found in the presence of true bile duct 
obstruction. The prolonged (*cholangiolitic") 
form of hepatitis was highlighted by inflamma- 
tory predilection to periductal regions, peri- 
lobular pseudoductular epithelial budding and 
bile stasis. These were all present to a variable 
and lesser degree in the lesions of viral hepatitis 
as ordinarily encountered. There was no con- 
sistent correlation between individual morpho- 


OCTOBER, 1955 


logic alterations and the various features of the 
clinical syndrome. The problem of clinical 
distinction between hepatitis simulating obstruc- 
tion and surgical obstructive jaundice should be 
resolved in most instances by recourse to needle 
biopsy of the Lver. 


SURGICAL ASFECTS OF (OBSTRUCTIVE) JAUNDICE. 
Julian A. Sterang. Philadelphia, Penna. 


The surgecn’s approach to obstructive jaun- 
dice is influemced by the need to assure normal 
bile flow as a method for restoring normal 
hepatic function. At operation, supplementary 
assistance to gross inspection and palpation 
should be available. These include manometric 
methods, raGiologic technics, rapid examination 
of removed tssues and facility for duodenotomy. 

The patient’s condition usually determines 
whether the surgeon can remove and reconstruct 
or merely palliate and drain. Whether bile 
is permitted to reach the duodenum is not as 
important as the relief of obstruction. Secondary 
surgery to reconstruct a proper route for bile 
flow into the intestines may be done at a later 
date after hepatic function has been restored. 


Discussion of the Preceding Presentations and General 
Remarks 


Ceci. J. Watson (Minneapolis, Minn.): Dr. 
London has geven us an excellent survey of many of the 
aspects of the bile pigment problem. The important 
studies of the significance of glycine in the biosynthesis 
of heme and the observation that some of the stercobilin 
in the feces .s not derived from mature circulating 
erythrocytes are of great interest. It was not surprising 
to find that this was true in pernicious anemia, as 
previous date had strongly indicated that much of the 
urobilinogen of the feces in this disease in relapse 
was not derived from any ordinary blood destructive 
process, and Whipple, in his pigment-pool concept, 
in addition :o Minot and Jedlicka, had favored this 
concept. In our own studies it was repeatedly ob- 
served that tae amount of urobilinogen excreted in the 
feces was fa> out of proportion to the decline of cir- 
culating hemoglobin over a given period of time, 
taking into account the fact that in pernicious 
anemia, unlike the ordinary hemolytic anemias, the 
rate of repacement was very slow. It was much 
more surprising to learn from the N!5 glycine studies of 
London anc his co-workers that under normal condi- 
tions about 15 per cent of the fecal stercobilin is 
derived from other than the hemoglobin of mature 
circulating erythrocytes. Here it seems that there are 
two main pessibilities. (1) This fraction does represent 
pigment pa-tially built up on the way to heme but is 
excreted wahout being used, somewhat in the sense 
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of the Whipple pigment-pool concept. (2) An exces- 
sive number of red blood cells are formed and at 
once destroyed. This would be in line with the general 
lavishness of compensation in excess which char- 
acterizes so many natural phenomena. Further study 
must decide between these possibilities. 

We have recognized since our early work on crys- 
talline stercobilin that fecal urobilinogen is not the 
sole bile pigment derivative excreted in the feces. At 
the time that stercobilin was crystallized it was 
regularly noted that it was accompanied in approxi- 
mately equal amounts by a dark brown, almost black, 
substance to which the name “‘copronigrin” was given. 
This substance was characterized by an insoluble zinc 
complex, in contradistinction to the readily soluble 
green fluorescing zinc complex of stercobilin and 
urobilin. Siedel later showed that mesobilifuscin, 
a dipyrrylmethene derived from bilirubin, has these 
characteristics, and the isolation of mesobilifuscin 
from the feces by Siedel leaves little doubt that it is 
essentially the same as the substance earlier desig- 
nated as *copronigrin." Thus it appears that some of 
the bile pigment from destroyed hemoglobin or 
possibly from other sources as mentioned in the fore- 
going, is represented not as a tetrapyrrylmethene 
of the urobilinogen type, but as a dipyrrylmethene, a 
molecule half as large. Much further study is neces- 
sary and is now in progress to determine the signifi- 
cance of mesobilifuscin and whether or not its excre- 
tion in the feces varies in a manner differing from 
that of urobilinogen excretion. It is conceivable that 
this might have considerable significance in certain 
states such as hepatic disease and rheumatoid disease 
in both of which it has recently been claimed that a 
shortened red cell life span may not be associated with 
a heightened urobilinogen excretion. 

A word about the problem of the serum bilirubin. 
Whatever the exact basis of the prompt, direct versus 
the delayed or indirect van den Bergh reaction shall 
ultimately prove to be, it has become increasingly 
clear that these fractions have genuine validity in the 
study of disease. One of the great difficulties in deter- 
mining the basis of the difference in these reactions 
may be ascribed to chemical artefact. It is clear that 
chemical treatment of one type or another of bili- 
rubin-containing sera may alter the character of the 
reaction. The most recent fundamental studies of the 
van den Bergh reaction by Najjar in this country and 
by Cole and Lathe in England have given widely 
varying results. Najjar believes that the prompt, direct 
reacting type is a metal complex and the indirect type 
a globulin complex, while Cole and Lathe state that 
the indirect is simply free bilirubin and the direct a 
substance chemically distinct from bilirubin. They 
state further that bile contains relatively little. bili- 
rubin, this term being reserved for the indirect 
reacting type. This, however, we find very difficult to 
understand as Fischer showed many years ago that 
crystalline bilirubin from cattle gallstones is identical 


with the crystalline bilirubin isolated from old hemor- 
rhages. Porsche devised an excellent method for 
isolating bilirubin of the same type from pig bile. 
Lowry and I have recently shown that crystalline 
bilirubin can be isolated from human feces in good 
vield shortly following administration of aureomycin. 
In addition, Snapper showed years ago that the 
crystals of bilirubin isolated from obstructive jaundice 
serum were the same as those from (indirect reacting) 
hemolytic jaundice serum. All of these observations 
indicate that the bile does contain relatively large 
amounts of bilirubin and, as mentioned, it has been 
shown to be identical with bilirubin appearing in 
extravasations of blood, in other words the **hema- 
toidin" of Virchow. These comments are not meant 
to imply that the studies of Cole and Lathe are incor- 
rect or without significance but it is important to 
question to what extent their results have been in- 
fluenced by chemical manipulations, and further 
work is necessary in this regard. The possibility must 
be considered that a differing physical state of 
bilirubin in direct reacting sera, rather than a struc- 
tural difference, influences its behavior in the chroma- 
tographic method used by Cole and Lathe. 

Dr. Zieve's observations on the fundamental inter- 
dependence of certain liver function: and the emer- 
gence of certain factors common to a group of 
functions is believed to be of much significance. It 
might be pointed out that the lack of interdependence 
of the urinary coproporphyrin and the bromsulphalein 
factors in the cirrhosis group and its presence in the 
hepatitis group may possibly be explained by the fact 
that in the latter the excessive urinary porphyrin 
excreted in the urine is the type 1 isomer. There is 
considerable evidence that this excess is related simply 
to regurgitation of bile or simple hepatocellular 
excretory functional impairment; hence, in this 
instance interdependence would be expected. In 
the cirrhosis group, if mainly in alcoholics, as in Dr. 
Zieve's study, the excessive urinary porphyrin is a 
type ir isomer. This is probably related to an intrinsic 
metabolic impairment, although whether in the liver 
or bone marrow is not yet known. Here one would 
expect a lack of interdependence. Further study along 
these lines may prove of great interest. 

With respect to the problem of cholangiolitic 
hepatitis, I understood Dr. Gall to say that a distinc- 
tion could almost always be made histologically be- 
tween this condition and obstructive jaundice. If 
this is true his criteria will be of much help to other 
pathologists who are having difficulty with this 
problem. We have had considerable trouble in 
interpreting liver biopsies in this respect, and on not a 
(ew occasions the initial interpretation was eventually 
shown to be incorrect. Partly on this ground we have 
come to rely more and more on cholangiography and 
liver biopsy, either peritoneoscopic or through a small 
laparotomy under local anesthesia, in those cases 
where other features have not served to distinguish 
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cholangiolitic hepatitis or cirrhosis from extra-hepatic 
biliary obstruction. 

It may be emphasized that we have never used 
the term cholangiolitic in the histologic or morpho- 
logic sense but purely from the standpoint of func- 
tional cholangiolar disturbance. When Dr. Hoffbauer 
and I first started using this term we were impressed 
by the lack of hepatocellular functional impairment 
in the presence of outspoken evidence of regurgitation 
of bile but, at the same time, without any evidence of 
specific or well defined lesion of the main bile pas- 
sages. In these instances it seemed inescapable that 
when the histology is relatively normal there must be 
a functional disturbance of the cholangiolar system 
permitting a return of bile to the blood, either directly 
or via the lymph. It was thought, too, that this might 
account, at least in part, for bile thrombi, in other 
words an inspissation of bile due to greater loss of 
water than solute. 

It should also be emphasized that cholangiolitic 
hepatitis or cholangiolar impairment is often only a 
part of the total picture. The situation is perhaps 
somewhat analogous to nephrosis and the nephrotic 
"einschlag" of Volhard which often accompanies 
glomerulonephritis to some degree. Frequently in 
hepatitis there is cholangiolar impairment and in 
some of the prolonged cases it may persist for months 
or years as an isolated phenomenon with relatively 
normal function of the liver cells. In some instances 
the cholangiolar system appears to be the only part of 
the liver which has been impaired even from the 
outset. Such injuries as those due to arsphenamine, 
methyl testosterone and, more recently, thorazine 
appear often to be of this type. Thus use of the term 
cholangiolitic hepatitis or cirrhosis should imply a 
marked functional impairment of the cholangiolar 
system with regurgitation of bile but with little or no 
evidence of hepatocellular functional impairment. 


HISTOGENESIS OF COARSE NopuLAR CIRRHOSIS. 


Hans F. Smetana. Armed Forces Inst. Pathology, 
Washington, D. C. 


There is circumstantial evidence that coarse 
nodular cirrhosis is one of the possible but rare 
sequelae of viral hepatitis, although it may also 
be the consequence of toxic damage to the liver 
by arsenic, phosphorus or mushroom poisoning. 
The clinical symptoms produced by this condi- 
tion are often indistinguishable from those of 
portal cirrhosis, and the diagnosis can be sug- 
gested only on the basis of a history of viral 
hepatitis. Since it may take several years for 
portal hypertension or hepatic insufficiency to 
develop, the history of hepatitis may by then be 
rather vague. 

The gross appearance of the pathologic speci- 
men of coarse nodular cirrhosis is characterized 
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by replacement of the hepatic parenchyma by 
nodules measuring one or more cm. in diameter, 
which produce great deformity in the shape of 
the liver. Mieroscopically, the individual nodules 
are made up of composite liver lobules which 
are separated by fibrous bands containing 
reticulum fibers, fibrous connective tissue and 
small bile ducts. The portal triads within the 
composite nodules are smaller than normal and 
their spacing as well as their relationship to 
efferent veins is irregular. The liver cells are 
fairly normal in appearance except that their 
radial arrangement about efferent veins is often 
distorted. The reticulum of the nodules appears 
normal. 

Histologically, the appearance of the com- 
posite nodules of coarse lobular cirrhosis is so 
unlike that of the pseudolobules of portal cir- 
rhosis as to suggest an entirely different histo- 
genesis. The pseudolobules in portal cirrhosis 
are single lobules and they lack a properly 
placed efferent vein from which columns of liver 
cells radiate. No portal triads are seen in the 
pseudolobules. It appears that the damage 
leading to portal cirrhosis affects groups of liver 
cells of each individual lobule as well as the 
reticulum in this area. Regeneration of liver 
cells therefore is irregular and often concentric. 
Coarse lobular cirrhosis, on the other hand, 
represents the healing phase of near fatal 
necrosis of liver tissue due to the virus of 
hepatitis or to toxins, which leaves only a few 
islets of liver cells intact. From these islets re- 
generating nodules of liver cells grow in size 
until their expansion is halted by similar neigh- 
boring nodules, while the collapsed stroma of the 
necrotic portions furnishes the septa. The tissue 
making up these composite nodules resembles 
normal liver tissue fairly closely except for dis- 
tortion of cell columns and lack of portal triads. 
Reorganization is gradually accomplished by 
ingrowth of bile ducts from the septa into the 
regenerated nodules of liver cells and by 
regrouping cf vessels. Only if enough liver cells 
are spared during the original attack can 
sufficient liver tissue be regenerated. Such re- 
generated liver parenchyma may function 
reasonably well for years but eventually difficul- 
ties in circulation within the liver lead to portal 
hypertension and its consequences. If anoxemia 
ensues because of general circulatory collapse, 
gastrointestinal hemorrhage, coronary disease 
or any other cause, the nodules may become 
necrotic, leading usually to hepatic insufficiency. 
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MassivE Hepatic Necrosis IN A YOUNG MAN. 
W. Stanley Hartroft and Robert E. Shank. Wash- 
ington Univ. Medical School, St. Louis, Mo. 


Clinical and pathologic findings were de- 
scribed pertaining to a young white man (age 
twenty-nine) who had manifestations of heat 
prostration ten days before death. At autopsv, 
massive hepatic necrosis was discovered. The 
patient had been a social worker in New York 
City, where he had been exposed to jaundiced 
people and rats, and he had occasionally worked 
with cleaning solutions. He had no alcoholic 
habits. At the height of the summer heat, he 
hitchhiked from New York City to St. Louis, and 
the next day, although tired, ran a six-mile race 
when the recorded temperature was 86°F. and 
the relative humidity was 54 per cent. Following 
the race he collapsed with characteristic symp- 
toms of heat stroke, except that marked hyper- 
pyrexia and defective sweating were absent. 
Laboratory data revealed evidence of hepatic 
dysfunction, which became increasingly severe 
along with jaundice during his ten-day hospital 
stay prior to death. His temperature on admis- 
sion to the hospital was 39.2?c. Subsequently it 
dropped and did not go above 39°c. throughout 
the rest of the course, except during the terminal 
period. At autopsy, massive hepatic necrosis was 
discovered and generalized icterus of all viscera. 
In microsections of the small wrinkled vellow 
liver only narrow rims of parenchyma in peri- 
portal positions had survived. A moderate degree 
of chronic inflammatory reaction was present in 
portal triads. Pseudocholangioles had formed 
at the edge of the surviving tissuc. Hemosiderin, 
hemofuscin and ceroid pigments were present 
in the surviving parenchymal cells and in the 
Kupffer cells. Little stainable fat could be 
demonstrated except in the walls of hepatic 
arterioles, where it presented an unusual and 
striking appearance. Microscopic observations 
of relevant interest in other organs were con- 
fined to the demonstration of hemorrhages in 
the dentate nuclei of the brain during the 
terminal period. Although the lesions in this 
case might be compatible with published 
descriptions of hepatic necrosis due to heat 
stroke, the patient's history and his course in the 
hospital, as well as the anatomic findings, 
appear more compatible with a diagnosis of 
infective hepatitis of viral origin. The possibility 
was raised that massive hepatic necrosis in heat 
stroke may sometimes have an infective origin 
characterized by a fulminating course precipi- 


tated by the superimposed stress induced by 
hyperthermia. | 


JAUNDICE ASSOCIATED WITH ADMINISTRATION OF 


CHLORPROMAZINE. Joseph M. Gambescia, Joseph 
Imbriglia, Peter Galamage and William Winkelman, 
Jr. Hahnemann Medical ‘College, Philadelphia, 


Penna. 


Five cases were presented of persons develop- 
ing an icteric state following administration of 
chlorpromazine. The clinical picture was char- 
acterized by an acute febrile response with 
malaise, anorexia, chills, myalgia, followed by 
dark urine, pruritus and jaundice. The bio- 
chemical pattern in all cases showed hyperbili- 
rubinemia, choluria and hyperphosphatasemia 
associated with normal cephalin-cholesterol 
flocculation, normal thymol turbidity and 
flocculation, normal zinc turbidity and serum 
protein partition. In some cases an eosinophilia 
(up to 26 per cent) and hypercholesteremia was 
noted. Needle liver biopsy specimens revealed 
intrahepatic cholestasis with a lesion affecting 
the cholangiole characterized by eosinophilic 
infiltration. 

Certain therapeutic approaches were dis- 
cussed. The use of antihistamine and sodium 
dehvdrocholate had no beneficial effect. ACTH 
and cortisone were accompanied by prompt 
beneficial response. No fatalities have been 
encountered. 

The entity is of considerable importance be- 
cause of (1) its resemblance to viral hepatitis 
with its accompanying public health implica- 
tions; (2) its resemblance to extrahepatic ob- 
struction and its surgical implications; (3) its 
morbidity and its economic implications. 


INTRAHEPATIC OBSTRUCTIVE JAUNDICE IN IN- 
FANTS. Ruth C. Harris. Columbia Univ. College 
of Physicians and Surgeons, New York, N. Y. 


During the past few years intrahepatic disease 
has come to be recognized as a relatively fre- 
quent cause of obstructive jaundice in infants 
under six months of age, occurring with even 
greater frequency than does congenital atresia 
of the bile ducts. In cases of intrahepatic biliary 
obstruction the syndrome usually follows and 
often blends with the clinical picture of jaundice 
of prematurity or with that of erythroblastosis 
fetalis and occurs as a rule in patients who have 
been treated either by exchange transfusion or 
by simple transfusion. Similar cases observed 
by others have been reported in the literature 
as examples of viral hepatitis, while additional 
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instances have been included in the “inspissated 
bile syndrome." In our own case material, a 
large proportion of infants so afflicted have been 
of Italian parentage. Clinicallv these infants 
usually reveal persistence or recrudescence of 
jaundice present in the neonatal period, with 
the appearance of light-colored stools and dark 
urine. They may or may not appear ill but 
generally show some retardation of growth and 
may develop rickets during the course of the 
disease. The liver and often the spleen are 
enlarged and firm. The total serum bilirubin 
concentration may vary from 6 to 30 mg. per 
100 ml., “direct” bilirubin comprising approxi- 
mately one-half of the total. Cephalin floccula- 
tion and thymol turbidity tests usually give 
negative results. Serum alkaline phosphatase 
level is elevated in approximately two-fifths of 
the cases. Zinc sulfate turbidity is low or normal 
in infants with preceding erythroblastosis or 
with a history of prematurity but is elevated in 
the other cases of this group. Liver biopsy yields 
sections which are surprisingly alike in all of 
these cases. Liver cells at or near the centers of 
lobules are found filled with vellow, non-iron- 
containing pigment which appears similar to 
that filling the bile canaliculi. The liver cells are 
swollen, and many are multinucleated. The 
portal areas show an increase in mononuclear 
cells and slight proliferation of bile ducts. When 
a hemolytic process has preceded the develop- 
ment of obstructive jaundice, islands of ery- 
thropoietic and myelopoietic tissue are scattered 
throughout the lobules. Sometimes a few necrotic 
cells are found. The same histologic picture has 
been found in patients with a wide variety of 
disease pictures, such as erythroblastosis, serum 
hepatitis, acquired hemolytic anemia, cyto- 
megalic inclusion disease and prematurity. 

It appears that an insult to the liver during the 
first six months after birth results in a charac- 
teristic response, giving a picture similar 
histologically to that described in adults by 
Lucké and attributed by him to viral hepatitis. 
Swollen liver cells, overdistended with bile, 
occlude the bile capillaries, causing the obstruc- 
tive phase of the disease. The inflammatory 
response seems minimal but the evidence of 
regeneration, as seen by the giant hepatic cell 
response, is good. The presence of many mono- 
nuclear cells in the portal areas, the myelopoiesis 
and erythropoiesis found in infants with this 
syndrome are related to the age of the patient 
and the need for additional blood cell formation. 
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The mechanism of damage to liver parenchyma 
is quite different from that of extrahepatic 
atresia where kepatic cellular injury occurs in a 
relatively late stage of the process. 


SPLANCHNIG HEMATOCRIT IN THE Doc DE- 
TERMINED FROM SIMULTANEOUSLY MEASURED 
SPLANCHNIC PLASMA AND RED CELL VOLUMES. 
B. Cominsky, 7. R. K. Preedy, R. Hays, H. O. 
Wheeler and ©. E. Bradley. Columbia Univ. 
College of Pkysicians and Surgeons, Presby- 
terian Hosp., New York, N. Y. 


The hematecrit of blood in small vessels is less 
than that in large vessels, owing to lamination of 
flow. The hematocrit of the pooled total blood 
volume would therefore depend on the relative 
contribution ef blood from vessels of different 
caliber. 

With the development of a method for meas- 
uring splanchnic blood volume in the intact 
animal by regional retention and dilution of a 
tracer material, it is possible to measure the 
splanchnic hematocrit and thus to determine 
indirectly. the distribution of blood within the 
splanchnic vasculature. Since in the dog the 
spleen is a lame organ containing blood with a 
high hematoerit, measurements were carried 
out in both imtact and splenectomized animals. 
In seven intact and eight splenectomized dogs 
anesthetized with nembutal® (30 mg. per kg.) 
splanchnic plesma volume (SPV) and splanchnic 
red cell volame (SRCV) were determined 
simultaneously by dilution of I-131 labelled 
albumin and P-32 tagged red cells, respectively. 
Splanchnic hematocrit (SHCT), calculated as 
SRCV/SRCV + SPV, was 79.4 + 68.9 per 
cent of the peripheral arterial hematocrit in 
the intact and 71.8 + 18 per cent in the 
splenectomized dogs. These figures do not differ 
significantly. In the determination of splanchnic 
blood volume, blood may be sampled from 
either a rignt or left hepatic vein. SHCT 
based on bleod collected from the right was 
73.9 + 16.9 and from the left 77.0 + 13.7 per 
cent of the peripheral arterial hematocrit, there 
being no sigrificant difference between the two. 
These results indicate that the cell-rich blood 
of the spleen is not measured by the dilution 
technic usec, and that the major portion of 
blood locatee in the splanchnic bed is located in 
small vessels. chiefly in the liver. 

In five dogs (three splenectomized) simul- 
taneous measurements of SPV, SRCV and 
SHCT from blood collected at the same time 
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from both right and left hepatic veins showed 
good agreement. This observation suggests that 
there is a uniform distribution of hepatic 


arterial and portal venous blood per unit mass of 


liver tissue. 


PAPER ELECTROPHORETIC STUDIES OF SERUM 
PROTEINS iN VIRAL HEPATITIS. Gerald R. 
Cooper. Cummunicable Disease Center, Atlanta, 


Ga. 


Specimens collected from forty-six patients 
with viral hepatitis have been analyzed by paper 
electrophoresis. The electrophoretic results were 
compared with seromucoid, C-reactive protein, 
bilirubin, cephalin flocculation and thymol 
turbidity values. Findings at the height of the 
disease in an average case showed an electro- 
phoretic pattern with a distorted alpha-2 
globulin peak, a slightly enlarged beta-globulin 
peak and a prominent increase in gamma 
globulin peak, a lowered seromucoid value, 
a one-plus C-reactive protein reading, and 
elevations in bilirubin, cephalin flocculation 
and thymol turbidity results. Persistently en- 
larged gamma globulin peaks were usually 
associated with continued elevated cephalin 
flocculation or thymol turbidity values. Six 
proved cases of posthepatitic cirrhosis gave 
abnormal results in all tests, especially paper 
electrophoresis. 


SERUM GLYCOPROTEINS IN VIRAL HEPATITIS. 
Fenton Schaffner, Arthur L. Scherbel and Ralph I. 
Lytle. U. S. Naval Hosp. and Med. Research 
Unit No. 4, Great Lakes, Ill. 


The serum glycoproteins were studied electro- 
phoretically at weekly intervals in eleven pa- 
tients with acute viral hepatitis from the first 
week of their illness until the time of discharge 
from the hospital and at the time of liver biopsy 
in three patients in whom viral hepatitis had 
persisted for three months or longer. The serum 
proteins were fractionated by paper electro- 
phoresis. The strips were stained with bromo- 
phenol blue and treated with mineral oil and 
dioxan. Glycoproteins were determined on 
similar strips after staining with basic fuchsin. 
The serum gamma globulin was elevated early in 
the disease and returned to normal usually by 
the sixth week. High percentages of polysac- 
charides were associated with some of the 
gamma globulin elevations but in general the 
results were within normal limits and showed 
little change throughout the course of the dis- 


ease. Beta globulin and associated polysac- 
charides remained normal. Alpha-2 proteins and 
polysaccharides were slightly elevated initially 
and became normal in one to two weeks. 
Albumin and alpha globulin were considered 
together. These proteins behaved as a mirror 
image of the gamma globulin while the poly- 
saccharides dropped to low levels and returned 
to normal after the proteins. ‘The total protein- 
bound carbohydrate appeared to be reduced, 
although this could not be well quantitated. 
The glycoprotein pattern differed from normal 
in that the amount of slower moving (gamma) 
carbohydrate increased while the more rapidly 
moving fraction decreased. This is in contrast to 
rheumatic fever in which the total glycoprotein 
was greatly increased, the greatest rise being 
in the more rapidly moving portions, especially 
both alpha globulins. In protracted hepatitis the 
albumin and alpha-1 polysaccharides were low 
and the gamma polysaccharides were high, 
although these changes were of the same magni- 
tude as those in the acute stage. The only 
consistent feature histologically found in the 
three biopsy specimens was the persistence of 
hepatic inflammation. In general, it is felt that 
the behavior of the glycoproteins is a reflection of 
inflammation in the liver, as contrasted with 
changes noted in inflammation elsewhere. 


SERUM COMPLEMENT IN HEPATOBILIARY DISEASE. 
Emanuel E. Mandel and Kurt Lange. Communica- 
ble Disease Center, Atlanta, Ga. and New York 
Medical College, New York, N. Y. 


Conflicting reports concerning the serum com- 
plement titer in liver disease prompted its deter- 
mination in twenty cases of cirrhosis (nineteen 
portal, one postnecrotic), fifteen of viral hepatitis 
and twenty-six of biliary obstruction which in 
sixteen patients was caused by neoplasm. The 
method, which gave a range of 1.8 to 3.6 units in 
twentv healthy subjects tested simultaneously, 
had previously been found by Lange consist- 
ently to vield low (less than 1 unit) or absent 
complement in acute glomerulonephritis and 
nephrosis. The range encountered in cirrhosis 
was 0.8 to 4.7 units (mean, 2.6), in hepatitis, 
1.4 to 5.7 (3.2), in benign obstruction, 2.0 to 6.1 
(4.0) and in cancer, 1.9 to 4.9 (3.7). Abnormally 
low complement was noted only in two cir- 
rhosis patients dying of hepatic insufficiency. 
The majority of the group with cirrhosis and two 
of the patients with hepatitis had ‘‘extra- 
hepatic" complications (pyelonephritis, pan- 
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creatitis, pneumonia), which may have counter- 
acted a complement depression such as had 
been observed by Goldner and by Jordan in 
hepatocellular disease. Unusually high comple- 
ment values encountered in all groups but 
especially in patients with benign obstruction 
presumably reflected the presence of an active 
infectious process. The present data fail to 
reveal any diagnostic utility of the test in liver 
disease, except for the occasional finding of 
complement diminution which may denote a 
grave prognosis. 


TREATMENT OF FATTY Liver wrrH A HicH Fat 
Diet. Gordon M. Mindrum. Cincinnati Gen. 
Hosp., Cincinnati, Ohio. 

A high fat diet was used in the treatment of 
eight biopsy-proved cases of severe fatty liver. 
The daily diet averaged 120 gm. protein, 300 gm. 
carbohydrate and over 300 gm. fat. Stool fats 
averaged 29.5 per cent dry weight for twenty- 
four hours. Duration of treatment averaged 
4.2 weeks. All patients showed progressive 
clinical improvement with reduction of liver 
size, clearing of ascites and edema, gain in 
strength and improved nutrition. Liver function 
showed improvement with total bilirubin drop- 
ping to within normal limits. Bromsulfalein 
retention decreased to near normal and serum 
albumin increased. Serum lipid values did not 
vary significantly. Serial liver biopsy specimens 
in three patients revealed clearing of visible 
liver fat in four to six weeks. This evidence sug- 
gests that patients with severe fatty livers can 
absorb and utilize large amounts of fat. 


ROENTGENOLOGIC VISUALIZATION OF ‘BILIARY 
Ducts By INTRAVENOUS INJECTION OF A NEW 
CoNTRASsT Mepium. Raj K. Parida, Alexander J. 
Link, Julius Heydemann and Robert M. Kark. Univ. 
of Illinois College of Med., Chicago, Ill. 


The di-sodium salt of N,N-adypyl-bis(3- 
amino-2,4,6-triiodo)benzoic acid, a new roent- 
genologic contrast medium (chlorografin®), 
was used to study the biliary duct system in 
twenty-one patients. As corroborated by serial 
liver function studies in our patients, the toxicity 
of this compound is low when compared with 
other contrast media in use. Adequate roent- 
genologic visualization of the large bile ducts 
was obtained in fifteen of twenty-one patients 
following intravenous injection of the material. 
The six patients with non-visualization of the 
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ducts had either severe hepatic dysfunction or air 
in the ducts due to previous surgery. The renal 
pelvis and calvces were visualized in several of 
the pictures, and this occurred more frequently 
in patients with known hepatic dysfunction. 

The preparation appears to be a useful adjunct 
for the diagnosis of biliary tract diseases, espe- 
cially for the study of intraductal pathology. 
Stones causing partial obstruction and strictures 
of the extrahepatic biliary ducts have been diag- 
nosed by use of the dye and the observations 
were corroborated by surgery. 


Nam Beps iN HEpATiG CIRRHOSIS. Richard 
Terry. Hektoen Inst. for Medical Research of 
Cook County Hosp., Chicago, Ill. 

The nail beds may be divided into three 
zones, the half-moon, the main pink zone, and a 
narrow band running across the distal portion of 
the nail-bed, which is herein called the ony- 
chodermal band. The appearance of these three 
zones may De altered in hepatic cirrhosis. 

On squeezing blood into the terminal phalanx, 
the normal main pink zone assumes a clear red 
color; in ‘white nails’ the redness is obscured by a 
whitish opacity similar in character to the half- 
moon. The opacity is in the nail-bed and not in 
the nail. Such white nails are not uncommon in 
clinical states but well marked examples occur 
most commonly in hepatic cirrhosis and in a few 
other disorders. 

Normal half-moons have a barely perceptible 
pink tinge, but on occasion the half-moon be- 
comes reddened. Such red half-moons, which 
are detectable at a distance of several feet, occur 
in cirrhosis although they are less common than 
white nails. Three patients with cirrhosis have 
been seen who had both red half-moons and 
white nails. 

The normal onychodermal band is barely 
perceptible. It may, however, become opaque 
(with a faintly amber tinge) forming an easily 
detectable whitish band across the distal portion 
of the nail bed, 0.5 to 1.5 mm. in width. This 
appearanee is rare, and only nine examples have 
been found by the author; of these, five were in 
cirrhosis. 

The appearances described constitute physical 
signs occurring in hepatic cirrhosis which are 
occasionally of diagnostic value. It seems proba- 
ble that they are of endocrine origin and that 
they are in the same category as spider nevi and 
other ‘endocrine stigmata.’ 


Case Reports 





Chronic Relapsing Pancreatitis with 
Associated Marked Eosinophilia and 
Pleural Effusion“ 


KERRISON JUNIPER, JR.. M.D. 


Boston, Massachusetts 


ARKED eosinophilia associated with 
chronic relapsing pancreatitis is a rare 
phenomenon. The occurrence of a case 

in which eosinophilia and serum amylase were 
apparently correlated served as a stimulus to 
re-examine the records of sixteen other patients 
in which pancreatitis and eosinophilia occurred 
simultaneously. A review of the literature re- 
vealed no mention of eosinophilia occurring in 
association with pancreatitis. 


CASE REPORT 


First hospital admission: Patient W. F. H., a 
fifty-five year old white salesman, was admitted 
to another hospital on May 2, 1953, with a 
two year history of symptoms suggestive of 
congestive heart failure. There was also a history 
of epigastric pain with substernal radiation of 
several years’ duration. Pain relationships were 
vague. All symptoms had become more intense 
for five months prior to admission. The im- 
mediate cause of admission was not clearly stated 
by the patient. There was a history of moderate 
alcohol intake. ‘The patient had been hospitalized 
seven, nine and ten years previously for similar 
symptoms. On the last occasion he had been 
found to have hypertension and had received 
digitalis for a short time. 

Examination revealed the patient to be 
afebrile and chronically ill, with a small left 
pleural effusion. Examination of the heart 
revealed it to be normal. ‘The abdomen was 
protuberant with a fluid wave of questionable 
nature and with generalized tenderness, more 
marked in the left upper quadrant. The liver 
and spleen were not palpable. 

Routine laboratory studies, liver function tests 
and stool examinations gave normal results. 


The initial impression was "possible cirrhosis 
of the liver and/or possible heart disease." 

Four days after admission the patient became 
febrile and severe pleuritic pain developed in the 
lower left portion of the chest, with an increase 
in the left pleural effusion. Chest film revealed a 
densitv at the base of the left lung. At the same 
time symptoms of thrombophlebitis in the left 
leg appeared. A diagnosis of thrombophlebitis 
with pulmonary infarction was made. Serum 
amylase at this time was 220 units.T Signs 
of thrombophlebitis disappeared rapidly with 
treatment. 

Eleven days after admission the abdomen 
became more distended and tympanitic, with 
tenderness localized to the left upper and left 
lower quadrants. The following day the tender- 
ness was localized to the epigastrium and 
peristaltic sounds were absent. Signs of acute 
inflammation in the abdomen developed and 
laparotomy was performed thirteen days after 
the patient had been admitted. An inflammatory 
mass was found in the left upper quadrant of the 
abdomen extending down the left gutter to the 
level of the rectosigmoid junction, and cecostomy 
was performed. The liver appeared normal but 
adequate abdominal exploration was not possi- 
ble because of dense adhesions and the patient's 
poor condition. Postoperative serum amylase 
was 800 units. 

Mild abdominal pain and episodes of fever 
occurred postoperatively. On the eighteenth 
postoperative day the left pleural effusion had 
increased. Thoracentesis yielded 300 cc. of 


+ Amylase determinations were made by the modified 
Somogyi method! utilizing Nelson’s method for deter- 
mination of the blood glucose.? Normal values at this 
hospital range up to 200 units. 


* From the Medical Service, V. A. Hospital, and Dept. of Medicine, Emory Univ. School of Medicine, Atlanta, Ga. 
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sterile, straw-colored fluid containing 800 units 
of amylase, 300 white blood cells and 40,000 red 
blood cells per ml. Two days later an additional 
950 cc. of similar pleural fluid was removed, 
following which the fluid did not reaccumulate. 

During the latter period of hospitalization, 
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productive cough with some blood-streaking of 
the sputum, and night sweats. At this time he 
gave a five-year history of recurrent gnawing 
epigastric pain, and sharp pain aggravated by 
deep breathing in the left upper abdominal 
quadrant and left chest. Pain relationships were 
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Fic. 1. Serum amylase and blood eosinophil levels during the second hospitalization period. 


upper and lower gastrointestinal series gave 
normal results. Serial laboratory studies showed 
a white blood count of 5,300 with no eosinophilia 
on admission, and a rise of the eosinophil count 
to 550 in 11,000 white blood cells five days after 
admission. ^ Three days after surgery the white 
blood count was 15,000 with 750 eosinophils 
per ml. The patient was discharged two months 
after admission with a final diagnosis of acute 
pancreatitis. 

Second hospital admission: The patient was 
admitted to this hospital on July 30, 1953, thirty- 
five days after discharge from his first hospitaliza- 
tion, complaining of dyspnea, chest pain and 
vomiting of several days’ duration. During the 
preceding three weeks he had had a slightly 

* Total eosinophil counts in this paper were estimated 
by multiplying the total white blood cell count by the 
percentage of eosinophils found on the routine differential 
count. In a few instances direct total counts were done to 
verify the degree of eosinophilia found. An eosinophil 


count of 200 per ml. was considered the upper limit of 
normal. 
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poor, although alcohol had been noted to 
aggravate and milk to relieve the gnawing pain. 
He had had nausea but only occasional vomiting 
with these attacks of pain. 

The patient was acutely ill, although afebrile, 
with moderate left-sided pleural effusion. The 
heart was normal. The abdomen was generallv 
tender, especially in the left upper quadrant, 
where an ill defined mass was palpated. The 
liver and spleen were not palpable. 

Amylase levels, white blood cell, and eosino- 
phil counts are shown in Figure 1. Of particular 
note are the maximum white blood cell count 
of 22,150 taken during the fourth week of 
hospitalization and the marked eosinophil 
counts of 11,935 and 15,284 per ml. during the 
third and fourth weeks of hospitalization. 
Laboratory tests for tuberculosis and intestinal 
parasites gave negative results. Several serologic 
tests for syphilis gave positive results on admis- 
sion but reverted to normal after the acute 
illness had subsided. Bromsulphalein retention 
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was 20 per cent in one-half hour (5 mg. dye per 
ke. of weight), serum bilirubin 2.1 mg. per cent, 
and serum proteins 7.2 gm. per cent with 
3.9 gm. of albumin and 3.3 gm. of globulin. 
Flocculation tests of liver function gave normal 
results. Serum amvlase was 237 units. Electro- 
cardiogram was normal. 
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On admission 400 cc. of thin, sterile, straw- 
colored fluid were removed from the left pleural 
cavity. This fluid contained 5.8 gm. per cent 
protein, 2,375 white blood cells and 5,000 red 
blood cells per ml. Differential count of the 
pleural fluid cells showed 2 per cent polymor- 
phonuclears, 8 per cent lymphocytes, 1 per cent 
eosinophils, 1 per cent basophils, 85 per cent 
histiocytes and 3 per cent mesothelial cells. 

During the first week of hospitalization the 
patient was febrile with temperatures as high 
as 101°r. He received procaine penicillin and 
gantrisin® for the first twenty-one days, and 
banthine® during the entire period of hospital- 
ization. During the last five weeks there was 
gradual improvement with resolution of the 
pleural effusion. 

One month after admission a repeat brom- 
sulphalein test gave normal results. Upper and 
lower gastrointestinal and gallbladder series 
gave normal results. Serial chest films showed 
eradual resolution of the pleural effusion with no 
evidence of a parenchymal lesion. The highest 
serum amylase level occurred two weeks after 
admission and was 1,094 units. The patient 
was discharged ten weeks after admission with a 
diagnosis of chronic relapsing pancreatitis. 

The patient has been followed as an outpatient 
for a period of one vear, during which time he 
has had approximately one attack per month of 
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abdominal pain with nausea and vomiting, 
each attack lasting about five days. Follow-up 
chest films have shown no return of the pleural 
effusion, and serum amylase levels have re- 
mained within normal limits. A very slight 
eosinophilia has been noticed occasionally. 

In order to investigate the possibility of a 
drug sensitivity, the patient was studied during 
a relatively asymptomatic period six months 
after his discharge from the hospital. Unfortu- 
nately, patient cooperation was poor and labora- 
tory tests could not be done at the desired times. 
Control eosinophil counts were made and the 
patient given 600,000 units of procaine penicillin 
intramuscularly in a single dose and 4 gm. of 
gantrisin orally over a forty-eight-hour period. 
Figure 2 demonstrates the results of the sensi- 
tivity test. At no time during the test did any 
symptoms or signs of an allergic reaction develop. 
It was unfortunate that the second control 
eosinophil count had risen to an abnormally 
high value (600 per ml.). The additional rise of 
only 200 eosinophils after drug administration 
seemed insignificant in comparison with the 
527 rise which occurred between the control 
counts. The total eosinophil rise during the test 
seemed particularly insignificant in relation to 
the maximum eosinophil count of 15,284 per ml. 
which appeared during the acute illness. The 
conclusion drawn from this test was that a drug 
reaction to either procaine penicillin or gantrisin 
was an unlikely cause of the eosinophilia which 
occurred in association with the acute attack of 
pancreatitis. 


REVIEW OF SIXTEEN CASES OF PANCREATITIS WITH 
EOSINOPHILIA 


The relationships found in the case presented 
suggested a review of other cases of pancreatitis. 
The serum amylase determinations done at this 
hospital during the previous nineteen months 
were examined and the records revealed that 
sixty patients had had amylase values of 200 or 
more units. Of these forty-two also had total 
eosinophil counts of over 250 per ml. There was 
adequate clinical data on sixteen of this group 
with eosinophilia to substantiate a definitive 
diagnosis of pancreatitis of either the acute or 
chronic type. Eight patients had eosinophil 
counts of over 500 per ml., and those of two 
patients were above 1,000 per ml. In no case, 
however, was there any obvious relationship 
between the activity of the disease and eosino- 
philia, although a mild-to-marked eosinophilia 
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was present. There were no other obvious causes 
of the eosinophilia in this group. The type of 
studv done and the small number of cases found 
did not permit evaluation of the significance 
of eosinophilia generally in pancreatitis. 


COMMENTS 


The eosinophilia which appeared in this 
patient during the second period of hospitaliza- 
tion was very striking. Intestinal parasites, 
first thought to be the cause, could not be found. 
The course of the disease made periarteritis, 
trichinosis and malignancy (other common 
causes of marked eosinophilia) seem unlikely. 
The possibility of a drug reaction was con- 
sidered because the patient had received 
procaine penicillin and gantrisin during the 
time he had eosinophilia. The drug sensitivity 
test, however, made this seem unlikely. 

Plotting the serum amylase values and total 
eosinophil counts (Fig. 1) revealed an interesting 
relationship. It was noted that ten days after 
the peak amylase value (representing in this 
case the more acute period of the disease 
proces) the maximum  eosinophil response 
appeared. This lag resembled the ten to four- 
teen-day period frequently seen before the 
delayed systemic response manifests itself after 
exposure to an allergen. This is not an indica- 
tion that the eosinophilia in this patient was the 
result of an allergen (such as altered pancreatic 
proteins) released during the acute inflammatory 
proces, although it remains a possibility. 
Whatever the cause, it was the impression of 
those associated with this case that the eosino- 
philia was directly related to the acute pan- 
creatitis. A third severe attack of pancreatitis 
has not occurred to date in this patient and 
consequently further observations on eosino- 
philia and acute pancreatitis have not been 
possible. 

This case also demonstrates the difficulty 
frequently encountered in the initial diagnosis of 
acute pancreatitis. That pleural and peritoneal 
effusions occur in conjunction with acute pan- 
creatitis is well known. Less well known is the 
fact that such effusions may contain increased 
amounts of amylase and that such levels may be 
higher than blood serum values and remain 
elevated longer. The presence of pleural effusion 
containing 800 units of amylase in this case was 
of particular interest. Various mechanisms have 
been suggested as the cause, varying from in- 
flammation of the diaphragmatic pleura by 
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adjacent abdominal inflammation or a sub- 
diaphragmatic abscess, to lymph drainage of 
high enzyme content from the abdomen through 
the diaphragm into the pleural cavity. ‘The 
presence of large amounts of amylase in the 
pleural fluid makes the latter theory seem plausi- 
ble, although it is possible that diffusion from 
the blood serum also may occur. Reports that 
the serum-amylase levels have been found to be 
lower than the pleural fluid content at the same 
time make this less likely. However, there has 
not been adequate investigation to rule out the 
possibility that the pleural fluid amylase content 
diffused from the blood serum at an earlier 
time and merely persisted after the blood 
amylase leve! had fallen.?-? 


SUMMARY 


A case of chronic relapsing pancreatitis with 
pleural effusion on the left side is presented. 
During an acute exacerbation marked eosino- 
philia was observed which appeared to be 
related to the activity of the inflammatory 
process. Eosinophilia of a mild-to-marked degree 
was found in sixteen other cases of definite 
pancreatitis but no obvious relationship be- 
tween eosinophilia and degree of activity 
(including amylase values) was found. No 
mention of a similar relationship between 
eosinophilia and pancreatitis was found in the 
literature. 
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Aneurysm of the Left Coronary Artery’ 


Mutton TELLEM, M.D. and A. I. RUBENSTONE, M.D. 


Philadelphia, Pennsylvania 


NLY fifty cases of localized aneurysm of 
the coronary artery have been re- 
ported in the literature. Bougon in 

1912 was the first to describe such a finding. 
Packard and Wechsler! in 1929 reported a total 
of twenty-nine cases, including one of their own. 
They classified these cases according to an 
arteriosclerotic or mycotic-embolic etiology. 
Scott? reported another case in 1948 and in a 
review of the literature compiled forty-seven 
cases. Since Scott's paper appeared only single 
case reports by Sarkisian? in 1950, Rukstinat* 
in 1952 and Colbeck and Shaw? in 1954 have 
been reported, thus bringing the total number of 
reported localized coronary aneurvsms to fifty. 


CASE REPORT 


A sixty-nine year old white woman, markedly 
obese, was admitted on June 1, 1954, complain- 
ing of progressive severe substernal pain. 
Marked dyspnea and ankle edema were present. 
This admission was the last of many beginning 
in 1942 for hypertension, congestive failure and 
symptoms of coronary insufficiency. No history 
of rheumatic fever, syphilis, subacute bacterial 
endocarditis or myocardial infarction was 
present. On this last admission the patient's 
blood pressure was 130/70 and her pulse was 75. 
Her usual pressure was about 200/100. She 
was markedly dyspneic, pale and sweaty. Fine 
moist rales were heard bilaterally in both lung 
bases and the heart sounds were of regular 
rhythm and barely audible. The abdomen was 
very obese; no viscera or masses were definitely 
palpable. A +2 pitting edema of the ankles and 
feet was noted. An x-ray of the chest showed left 
ventricular enlargement and a small amount of 
fluid at the left base. A review of previous 
electrocardiograms revealed progressive coro- 
nary insufficiency. An electrocardiogram taken 
during the last twenty-four hours of the pa- 


tient’s life showec anoxia of the anterior wall 
of the left ventricle and auricular fibrillation. 
These observations were not present in previous 
electrocardiograms. The course in the hospital 
was marked on one occasion by a period of 
unconsciousness and transient left hemiplegia 
which cleared in one and one-half hours. Re- 
current bouts of chest pain with left shoulder 
radiation also took place. Three days before 
death the patient became febrile and suffered 
severe nausea and vomiting. Severe pulmonary 
edema developed on June 30 and the patient 
expired. 

At autopsy, marked bilateral pulmonary 
edema was present. The heart weighed 500 gm.: 
all chambers were moderately dilated. The left 
ventricular wall measured 16 mm. and the 
right ventricular wall measured 8 mm. The 
mitral and aortic valves showed moderate 
sclerosis at the free edges but did not show 
evidence of rheumatic heart disease or subacute 
bacterial endocarditis. The entire aorta showed 
moderate involvement by atherosclerosis but 
no evidence of syphilis was noted. On sectioning 
the cardiac muscle focal streaky areas of fibrosis 
were revealed. Both coronary ostia were ade- 
quately patent. The coronary arteries presented 
a balanced distribution with slight focal athero- 
sclerotic involvement. 

Two centimeters distal to the ostium of the 
left coronary artery a small coronary branch 
1 mm. in diameter was observed which coursed 
downward to the right. This branch, 1!5 cm. 
from its origin, led to a saccular aneurysm 
measuring 5 cm. in diameter which reached to, 
overlaid and apparently compressed the main 
anterior descending branch of the left coronary 
artery. The aneurysm contained an organized 
peripheral laminated blood clot with central 
fresh hemorrhagic material. The wall of the 
aneurysm measuring 1 mm., was markedly thin 
and showed focal points of ulceration and 


* From the Departments of Pathology and Medicine, Albert Einstein Medical Center, Southern Division, Philadelphia, 
Pennsylvania. 
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calcification, From its position the aneurysm 
could have pressed down upon and thus have 


been responsible for intermittent occlusion of 


the anterior descending coronary artery. (Fig. 1.) 

Microscopic sections of the aneurysm wall 
revealed destruction of the inner elastic mem- 
brane. Necrotic atheromatous material and foci 
of calcification were noted on the inner aspect 
of the wall. One area revealed a site of definite 
bone formation. The media was markedly 
fibrosed in many areas. From these histologic 
features it is apparent that the aneurysm was 
not of recent origin. 

Histologic sections of the major coronary 
vessels revealed only minimal atherosclerosis. 
Several compressed coronary branches were 
noted in the vicinity of the aneurysm. The heart 
muscle itself showed numerous disseminated 
areas of focal fibrosis and moderate fiber hvper- 
trophy. (Fig. 2.) 

The final diagnoses of the pathologist were 
congestive failure secondary to hypertensive 
arteriosclerotic cardiovascular disease, and an 
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Fic. 2. Wall of aneurysm overlying and compressing coronary artery branch. A, 
wall of aneurysm; C, compressed coronary artery branch. 


arteriosclerotic aneurysm of the main left 


coronary artery. 
COMMENTS 
Scott classified the aneurysms in his compila- 


tion as localized and diffuse. The localized 
aneurysms were further subclassified etiologi- 


OCTOBER, 1955 


AY 








Fic. 1. Aneurysm incised to show its straddling position 
over the anterior descending coronary artery. A, wall of 
aneurysm; C, anterior descending coronary artery; P, 
probe in lumen of small coronary branch; S, sac of 
aneurysm. 


cally as congenital, fifteen patients; mycotic- 
embolic, twelve; arteriosclerotic, six; syphilitic, 
six; purely mycotic, one; rheumatic, one; pos- 
sible periarterits nodosa, two; and unclassified, 
four. The left coronary artery was involved in 
twenty-seven patients, the right coronary artery 
in eleven, and both were involved in six pa- 
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tients. In three patients the sites of involvement 
were unstated. The commonest causes of death 
in the localized ancurysm 
thrombosis, congestive heart failure and. coro- 
nary rupture. 

In reviewing the literature it is found that à 
single aneurysm of the coronary is usually 
located immediately distal to the coronary 
orifice within the first inch of the origin of the 
vessel. In mycotic-embolic aneurysms the sac 
usually contains infected embolic material. The 
infection first involves the intima and spreads 
through the media and adventitia. Leukocytic 
infiltration and destruction of the internal 
elastic membrane ensue with secondary destruc- 
tion of the media. Pure mycotic aneurysms are 
usually associated with septicemia. Aneurysms 
due to arteriosclerosis show destruction of the 
internal elastic lamina at the site of the ath- 
eromatous plaque along with destruction and 
atrophy of the media. The three single case 
reports since Scott’s paper all occurred against 
an arteriosclerotic background. It is interesting 
to note in our case report that although the 
aneurysm was also on an arteriosclerotic basis, 
it was associated with minimal arteriosclerotic 
involvement of the remainder of the major 
coronary branches. This observation has been 
previously noted by Scott. It is possible therefore 
that a factor contributing to the progressively 
severe angina and cardiac failure experienced 
by our patient during her last year of life may 
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have been external pressure of the aneurysm on 
the left anterior descending coronary branch. 
This view is further supported by the wide- 
spread myofibrosis and lack of any occluding 
atherosclerosis elsewhere. 


SUMMARY 


A case of localized aneurysm of the left 
coronary artery is presented. ‘This is believed 
to be the fifty-first case reported in the litera- 
ture. Ten of these aneurysms, including the one 
herein reported, were on an arteriosclerotic 
basis. 

Death from aneurysm is usually due to 
congestive failure, coronary thrombosis or 
rupture. In our study it is postulated that inter- 
mittent occlusion of the left anterior descending 
coronary artery by external pressure from the 
overlying aneurysm may have contributed to 
the terminal manifestations of congestive heart 
failure. 
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Foreword 


HIS conference on myasthenia gravis 

sponsored by the Myasthenia Gravis 

Foundation was held at the Medical 
School of the University of Pennsylvania on 
December 8 and 9, 1954. Presiding at the various 
sessions were Dr. Henry Viets, Chairman of the 
Medical Board of the Foundation, Dr. Elmer 
Severinghaus and Dr. George Morris Piersol, 
Dean of the Graduate School of the University 
of Pennsylvania. 

The objectives of the conference were con- 
ceived as a review of current investigations on the 
disease and its therapy, to summarize present 
concepts of the physiology of neuromuscular 
activity and to discuss directions of future study. 
In several papers the influence of endocrine 
factors on neuromuscular function in normal 
states and in this disease was examined. Dr. 
Venning in her review on the endocrine changes 
in pregnancy considers whether or not such 
alterations might bear on remissions of the 
disease sometimes occurring in pregnancy. 

The papers are divided into sections dealing 
with the various aspects of this subject. The 
first includes a statement of the clinical problem 
by Dr. Viets and a review of normal neuro- 
muscular transmission; the others discuss the 
pharmacology of neuromuscular transmission, 
the pathologic physiology of myasthenia, the 
thymus and myasthenia, the endocrine glands 
and myasthenia, and the drug therapy and 
management of the disease. 

This introduction attempts to call attention to 
some of the chief points brought out in the dis- 
cussion. All except two of the original papers are 
published here. Space limitations unfortunately 
precluded the use of most of the discussion except 
in three instances where factual information of 
importance was added. 

The Foundation wishes to acknowledge the co- 
operation and generosity of Mr. Elmer Bobst, 
Ciba Pharmaceutical Products, Hoffmann-La 


C 


Roche, Inc., Smith, Kline and French Labora- 
tories and Wir throp-Stearns, Inc. 


LISCUSSION OF PAPERS 


The modera era in the study of this disease 
began about 1935 with the neurohumoral 
theory of Loewi and Dale and the realization 
that the disease, which resembled curare poison- 
ing, could be reversed by the antidote, eserine, 
and later by prostigmin. These observations led 
to three lines of study: (1) A comparison was 
made, by elect-omyographic means, of the disease 
with the normal process and with the blocking 
effect of curare and other agents. (2) Because of 
the analogy to curare poisoning, efforts were 
made to discover a circulating toxin, especially 
directed toward the thymus gland as a source. 
(3) A study cf therapy with new drugs having 
anticurare or anticholinesterase activity was 
done. 

Meantime, our knowledge of the process of 
normal nerve-muscle activity has been elabo- 
rated, and Drs. Nastuk, Koelle and Nachman- 
sohn* reported some of the current develop- 
ments in this geld. The nature of the action of 
blocking agents was reviewed for us by Dr. Van 
Maanen and Dr. Churchill-Davidson and dis- 
cussed by others. The myasthenic disability was 
compared to the normal process and to the action 
of these blocking agents by Drs. Johns, Grob 
and Harvey, Or. Churchill-Davidson and Dr. 
Botelho. 

Concerning the normal process, we have 
learned that ecetylcholine is held in a bound 
form and relezsed upon stimulation, whereby it 
effects a contraction of muscle. It is promptly 
broken down by the enzyme cholinesterase into 
choline and acetate and again resynthesized by 
another enzyme, choline-acetylase, into the 
bound form. The action of acetylcholine is to 
depolarize the membrane, which is accompanied 


* Paper not included in this issue. 


656 Foreword 


by shift of sodium into the cell and potassium out 
of the cell. Nastuk pointed out that this process 
is influenced by the composition of the extracel- 
lular fluid, being greatly impeded by withdrawal 
of sodium. He considers that acetylcholine does 
not act by shifting into the endplate because 
acetylcholine liberation is not influenced by a 
change in extracellular sodium, although the 
depolarization process is. Dr. Nachmansohn 
discussed the action of quaternary nitrogen com- 
pounds in terms of their binding properties by 
physiochemical action to the receptor proteins 
which he distinguishes from the specific enzyme 
proteins previously mentioned. In their relative 
binding he sees an explanation for the lesser 
effect of tertiary nitrogen compounds compared 
to the quaternary group. Dr. Koelle showed by 
histochemical means that the specific enzyme 
cholinesterase concentrates about the palisade- 
like subneural apparatus of the endplate. He also 
reported that this enzyme has now also been 
found in adrenergic nerves and posterior roots in 
small concentration, as had previously been 
known of the cholinergic nerves. He suggested 
that the endplate region should be studied by 
these methods and compared to the normal. 

As a result of studies of blocking agents, two 
types have been described, namely, a depolariz- 
ing block and a non-depolarizing block. The 
studies of Drs. Johns, Grob and Harvey sug- 
gested that a continuing block exists in the rest- 
ing myasthenic muscle, since its action potential 
is below normal. They consider this to act as a 
competitive type of block due to some substance 
liberated as part of the normal process, probably 
choline. They present evidence showing that the 
myasthenic abnormality can be duplicated 
by administration of choline. This seems to be an 
important advance in our concept of the nature 
of the defect in myasthenic muscle at its endplate. 
Presumably the view formerly held by these 
investigators that lessened sensitivity of the 
myasthenic endplate to acetylcholine constituted 
the major change in this disease has given 
way to this new concept. 

Dr. Churchill-Davidson presented evidence 
showing that the action of decamethonium in the 
myasthenic differed from that in the normal 
subject. In the latter a depolarizing block occurs 
but in the former a combined depolarizing and 
non-depolarizing block develops. Unaffected 
muscle in myasthenics revealed resistance to 
depolarization. Dr. Grob raised the question as 
to whether or not a faster rate ofstimulation than 


that employed might have given different results. 
I assume Dr. Churchill-Davidson accepts this 
point. 

Two papers drew attention to the muscle itself 
in contrast to endplate blocking agents. Dr. 
Botelho reported that the tension curve is a better 
index of the weakness than the electromyograph 
which may not be affected in the same direction 
as the tension curve. Whether or not this is a de- 
fect of the myograph technic or a fault of the 
disease is open to question. Dr. Shy * reported his 
early studies of sodium and potassium concen- 
tration in intra- and extracellular water in 
human biopsy specimens. These have not yet 
shown any consistent pattern, but have not 
confirmed Cummings’ findings of the accumula- 
tion of potassium in myasthenic muscle. 

The theory that the thymus gland may contain 
and release a blocking or depressing substance in 
myasthenia gravis has been the object of study 
by Professor Andrew Wilson for several years. 
In summarizing his latest findings he noted 
that extracts of the thymus glands, especially 
from the fetal whale, contained a depressing 
substance. The action of these extracts does not 
resemble that of the ordinary blocking drugs and 
is not influenced by prostigmin. The nature of 
this material is unknown. Thymic extracts made 
by another technic, as pointed out by Dr. Zack, 
may contain potassium in amounts sufficient to 
account for some of the depression observed. ‘The 
efforts of Dr. Rider to show a difference in the 
effect of thymic extracts from myasthenic and 
normal subjects, or of serum from myasthenic 
subjects failed to demonstrate any difference in 
cat neuromuscular preparations. Dr. Schwartz's 
animals on injection of thymus extract showed 
either convulsions or spasm along with vomiting, 
collapse and weakness. It would seem therefore 
that at the moment we are unable directly 
to relate the thymus, on the basis of this type of 
experimental work, to the production in animals 
of a condition resembling myasthenia gravis. 
Such a relationship still remains to be demon- 
strated. Dr. Van Maanan pointed out that the 
method of assay for blockading agents used in 
some of these studies may be too insensitive, for it 
does not show up curare in the serum of an 
animal which is fully paralyzed by the drug. 

On the other hand, the evidence of thymic 
relationship to myasthenia gravis seems to be 
accumulating. Dr. Eaton's analysis appeared to 
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confirm the observations of the Boston group 
that thymectomy in young women exerts a 
favorable influence as compared with those in 
control groups. What this will ultimately mean 
in terms of therapy and understanding of the 
disease remains to be seen. Sceptics like Grob are 
still unwilling to concede that thymectomy is 
any more than a continuing experiment. How- 
ever, the evidence as it accumulates seems to 
favor the point of view that thymectomy may 
influence the disease. 

The next section constituted an examination 
of endocrine factors other than thymus in this 
disease. These papers were listed to review the 
effect of endocrine changes in pregnancy and in 
work, as well as the influence of endocrine dis- 
eases and administration. of hormones upon 
myasthenia gravis. In pregnant women who have 
this disease an important observation is the fact 
that certain of the babies of myasthenic subjects 
have myasthenia gravis (presumably transmitted 
from the mother) which clears up in a short time. 
As to the effect of pregnancy on the disease 
in the mother, the data presented by Drs. 
Schlesinger, Osserman and others shows that a 
third of the patients became worse, a third 
remained unchanged and a third improved. 
Although these figures seem to provide no direct 
relationship, no doubt some subjects improve 
remarkably during pregnancy, usually in the 
latter part, and relapse after delivery. For these 
patients one does not like to abandon the possi- 
bility that there might be an association. 

Dr. Ingle discussed the endocrine compounds 
(emphasizing the adrenal cortical extracts) 
which favorably influence the work performance 
of the normal rat and described the favorable ac- 
tion of posterior pituitary hormones. Dr. Kane 
gave an excellent review of the harried subject of 
endocrinopathies in relation to the myasthenic 
proces. In this paper opinion seemed to 
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crystallize that &CTH has an adverse effect upon 
this disease, despite contrary views previously 
published. Although he emphasized that im- 
provement in myasthenia occurs from thyroid 
therapy more eften than the reverse, many 
have felt that hyperthyroidism unfavorably 
influences the disease. The association here again 
is puzzling in that it is not direct. 

In the section on drug therapy two new com- 
pounds were discussed. The advantages and the 
disadvantages of their longer action and of the 
lesser parasympathetic effect were noted. The 
so-called cholinergic crisis produced by these 
and other drugs is a very real problem. Many 
persons have thrown themselves into this serious 
condition by madequately supervised self- 
medication. 

As Dr. Viets kas stated, the mortality rate of 
myasthenia has been reduced to about 10 to 15 
per cent by mocern therapy, yet as far as we 
know these drugs are symptomatic therapy and 
do not influence the disease process directly. 
They are not in any way concerned with devel- 
opment of remissions. To me it seems that the 
therapy of the future should be concerned with 
the possibility o7 inducing a remission rather 
than treating the established disability. Fatalities 
continue to occur, and a more definitive method 
of treating this disease is needed. It must be 
pointed out that should we discover, as a cause 
of the defect in myasthenia, a circulating toxin, 
our problem ma~ not thereby be solved. One 
needs only to reczll that the cause of botulism is 
known, yet no therapy is effective. The same 
might be said of tetanus. Both of these condi- 
tions have a resemblance, although in opposite 
directions, to the myasthenic process. 

GEORGE D. GAMMON, M.D. 
Universtey of Pennsylvania Medical School 
Philadelphia, Pennsylvania 
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Problems of Myasthenia Gravis 


Henry R. VIETS, M.D. 


Boston, Massachusetts 


HE problems surrounding myasthenia 

gravis are multiple and diverse. Many 

questions posed by the disease cannot be 
answered with any degree of confidence at the 
present time. Some, particularly those of a 
clinical nature, have been resolved by the 
discriminating observations of patients by 
previous workers, for the disease has been 
adequately recognized since Erb’s description in 
1879 and Goldflam’s in 1893; Jolly’s nomencla- 
ture was suggested in 1895 and generally 
accepted after 1899. Most of the clinical facts 
were known by 1900 and Weigert, a year later, 
had even disclosed a thymoma in one of Laquer’s 
patients at autopsy. 

Willis had of course grasped the one essential 
sign as early as 1672, namely, the faulty and 
impaired weakness of voluntary muscles evoked 
only by repeated stimulation with a tendency 
toward recovery upon rest. Thus the disease 
having only one sign was relatively easily 
diagnosed by our predecessors, even as it is today 
in most cases. By 1900 much of the symptoma- 
tology was recognized: age, sex, sudden onset 
after emotional or physical trauma, and varia- 
tions at puberty and during the puerperal state. 
Localization with common muscular groupings 
relative to cranial nerve innervation, neck weak- 
ness, and weakness of extremities and back, had 
been fully described. From 1900 to 1934 the 
disease was considered uncommon and usually 
fatal. No pathologic changes were noted in the 
nervous system and only the thymic abnormality 
and *lymphorrhages" in the skeletal muscles 
were noted. The stimuli which led to our pres- 
ent day concept for myasthenia gravis came 
largely through the discovery of the junctional 
transmission of nervous effects by chemical 
agents by Otto Loewi (1921), Henry H. Dale 
(1933) and others, the striking response of 
physostigmine and later neostigmine in over- 
coming the muscular deficiency in patients by 
Mary B. Walker (1934) and the suggested 


relationship between the thymus and myasthenia 
gravis by Blalock, Keynes, Andrew Wilson and 
others (1941 to date). These and other con- 
temporary investigations have revived an interest 
in the disease (which had nearly died out after 
the turn of the century) and led to the establish- 
ment of a Myasthenia Gravis Foundation. The 
calling of this Conference in 1954 was for the pur- 
pose of exchanging ideas on the problems 
presented by twenty years of research since 
Walker’s brief letter to the editor of the Lancet 
was published on June 2, 1934. Few physicians 
in the history of medicine have been more 
privileged than Mary Walker in establishing a 
new trend in medicine, accomplished by acute 
clinical observation at St. Alfege’s Hospital in 
the Spring of 1934. This Congress and indeed the 
whole myasthenia gravis awakening owes a debt 
to her; by meeting here today we are attempting 
to repay a debt, long overdue. 

I would like to take this opportunity to discuss 
briefly three main problems, each presenting 
fundamental questions of importance to our 
understanding of myasthenia gravis. 


THE PROBLEM OF JUNCTIONAL TRANSMISSION 


Prior to Loewi’s classical demonstration of the 
release by vagus and sympathetic impulses of 
substances resembling acetylcholine and adren- 
aline, T. R. Elliott had made such a suggestion 
as early as 1904. It was not until 1929, however, 
that Dudley and Dale were able to recognize 
acetylcholine as a natural body constituent and 
later suggest that peripheral nerve impulses 
liberated this substance at the synapse. Although 
no one has been able to collect a sufficient 
quantity of acetylcholine transmitting the effects 
of nerve impulses at the endplate area to be able 
to identifv it chemically, acetylcholine is a very 
unstable choline ester, rapidly destroyed by 
cholinesterase and synthesized by cholineacety- 
lase. However, the transmitter may be con- 
centrated at the nerve ending together with the 
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specific enzymes for its formation and its destruc- 
tion; the chemical may also be found along the 
nerve fiber and perhaps even at the cell of origin. 
The system is not specific for the nerve ending 
alone. It cannot be assumed that acetylcholine 
must act as a stimulator for all cells or fibers from 
which it can be extracted. The problem needs 
further elucidation, but in myasthenia gravis at 
least it would seem that the muscle at its 
receptive area in contact with a cholinergic fiber 
end is sensitive to acetylcholine or, as Dale put it, 
"cholinoceptive." It is possible that cholinergic 
function and cholinoceptive sensitiveness are 
different characters which need not, and often 
do not, go together. 

We need to know where the acetylcholine and 
its enzymes originate. Do they come from the 
nerve cell and pass down the fiber to maintain a 
physiologically effective depot at the ending? 
These and many other problems await the 
answers from neurophysiologists, the final inter- 
pretation of which may profoundly affect our 
concept of what happens in myasthenia gravis 
when the cholinesterase is inhibited by neo- 
stigmine and the system, at least for the time 
being, is set right and function is restored. We are 
far from our goal. Can we be certain that all 
nerve impulses are released by chemical trans- 
mitters and, if they are, can all the transmitters 
be identified? We need further information 
regarding one-way restriction, the effects of 
poisons and the part played by many drugs 
influencing this system of nerve transmission. 
Much is in the realm of pharmacology, aided 
by the electrical and biophysical methods of 
physiology. To these tasks a research program 
for the Myasthenia Gravis Foundation should 
in part be devoted. Although the chance clinical 
observation of Mary Walker has resulted in pro- 
longing many lives and making possible a wider 
study of the disease and its course in man, we 
can not hope for many inspirational flashes of a 
similar nature for, welcome as they are, medi- 
cal advance fundamentally depends on well 
planned experimentation without limit of time 
or substance. 


THE THYMUS AND MYASTHENIA GRAVIS 


That the thymus bears some relationship to 
myasthenia gravis is now widely accepted. What 
the relationship is leads us at once into a field of 
physiologic theory and clinical speculation. The 
evidence for thymic involvement rests on the 
pathologic findings of thymic change in a large 
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percentage of patients with myasthenia, the 
favorable results of thymectomy in selected cases 
of the disease, -he formation of thymomas in 
about 15 per cen: of cases with thymic abnormal- 
ities and the experimental evidence of Wilson 
which revealec that an extract of the thymic 
tissue removed by thymectomy appears to 
depress contractions in muscle-nerve prepara- 
tions to a degree comparable to that produced 
by tubocurarine. Thus writes Keynes on the 
"physiology of she thymus gland," and Levitt 
went so far as tc refer to “thymic myasthenia.” 
Many would fee, with considerable justification, 
that conclusions of this type have not been 
established to the point of acceptance. There is 
still need for cortinued investigation, and profit 
may be expectec to result from extended studies 
of postoperative patients, particularly in select- 
ing those most likely to be improved by thy- 
mectomy and m evaluations of experimental 
extracts along the lines suggested by Wilson and 
others. Does the thymus play a substantial or 
even a subsidiary function in myasthenia gravis? 
Is it subordinate to the pituitary or others in 
the endocrinological system? One can hardly 
conceive of such a prominent structure, so 
profoundly affected in myasthenia gravis, as 
having no relationship to the disease. Thymic 
studies are of primary importance in expanding 
our knowledge ef the disease. Such a promising 
field should not be neglected. 


THE PRCBLEM OF MEDICAL CARE 


Shortly after 1934 neostigmine (prostigmin) 
became the stendard form of treatment for 
patients with myasthenia gravis. In 1954 it still 
holds a primary place in overcoming the muscu- 
lar deficiency for it has shown no tendency toward 
habit formation, it rarely becomes ineffective 
because of tolerance and has maintained its 
effectiveness throughout the years; it is rela- 
tively easily adjasted to suit the patient’s needs 
and its musearine-like stimulation of the 
parasympathetic nerves is usually readily con- 
trolled by atrooine. On the other hand, the 
drug has the defect of being short-acting, the 
usual response from oral medication being one 
to three hours and, when given intramuscularly 
or intravenously, much shorter. Thus many 
patients require some medication every two 
hours during the day and every three or four 
hours during th= night. Many drugs have been 
given a trial during the last twenty years, includ- 
ing other anticnolinesterase preparations, but 
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none have been found as useful over a long 
period of time as neostigmine. As the use of the 
drug in myasthenia gravis is virtually one of 
replacement therapy, only that medication will 
be satisfactory that can be taken with safety 
and results in a minimum discomfort from over- 
dosage or underdosage. Recently pyridostig- 
mine (mestinon?) has shown a tendency to 
replace neostigmine, but the search for a better 
and longer lasting drug must continue, and this 
Conference may stimulate research along these 
lines. Our knowledge of neostigmine is still lack- 
ing for we do not know where it is absorbed in the 
gastrointestinal tract, how it is eliminated, where 
it is stored in the body and what blood level is 
obtained. It is not known when or why some 
patients with myasthenia gravis can apparently 
use to advantage 1,500 mg. or more of the drug 
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in a day, whereas 15 or 30 mg. is not easily 
tolerated by normal persons. These and other 
similar problems call for answers before our 
therapy can be improved and before we can 
reach a goal of full and continued maintenance 
of muscular power. 

In posing three major problems, many others 
will occur to all of us. The basic cause of the 
disease still eludes us, as do the reasons for its 
onset at various age levels, the cause of relapse 
and remission progression, the transmission of 
the symptoms to the child by the pregnant 
mother with the disease, the reasons for its 
variable location in particular muscle groups 
and, finally, the problem of atypical cases or 
those showing poor neostigmine response need 
further elucidation. Such problems set a pattern 
for future research. 
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GEORGE B. KOELLE 


Philadelphia, Pennsylvania 


N his comprehensive review on the innerva- 
tion of skeletal muscle, Tiegs' quotes the 
statement made by Kuffler* that “the end 

plate has become, in recent years, a physiological 
entity which at present cannot be strictly 
identified with the structure of the histologists.”’ 
One reason for this hiatus in our knowledge is 
the disagreement which exists among histologists 
concerning the embryologic derivation and the 
limiting boundaries of some of the structures 
which comprise the endplate. The controversial 
points are discussed in detail in Tiegs’ review; 
the present description is drawn chiefly from the 
pioneer work of Kühne? and the more recent 
studies of Couteaux*? and Young? and their 
associates. 

Centrally to its point of contact with the muscle 
fiber, the motor axon is ensheathed in a layer of 
myelin which is closely invested by the Schwann 
cells. The latter are surrounded by a continuous 
sheath called the neurilemma external to which 
is the sheath of Henle, a continuation of the 
perineural sheath surrounding the entire bundle 
of nerve fibers. Near the endplate region the 
myelin sheath is lost, and the sheath of Henle 
becomes continuous with the outer sarcolemma, 
an extraneous sheath derived from the endo- 
mysium. According to Couteaux,* at the end- 
plate the axon retains a surrounding sheath, the 
teloglia, derived from the sheath of Schwann, 
and remains external to the true sarcolemma. 
The latter is modified, beneath the axon with its 
investing teloglia, as the pallisade-like subneural 
apparatus. Whether the neurilemma or a deriva- 
tive is retained is less certain. Surrounding the 
subneural apparatus is a fairly well circum- 
scribed region of granular sarcoplasm which is 
rich in nuclei. The entire motor endplate 
occupies a third or less of the circumference of 
the muscle fiber. 

Couteaux has focussed attention on the sub- 
neural apparatus as the probable site of both the 


acetylcholine(ACh)-receptor substance, where 
the endplate potential is initiated, and most of 
the acetylcholinesterase (AChE) of the endplate. 
The subneurad apparatus was demonstrated 
initially by selective staining with Janus Green B, 
and was found to have a lamella-like structure. 
The same pattern is obtained when the endplate 
is stained for AChE’ by the acetylthiocholine 
method,^* whereas staining for the enzyme is 
considerably lishter in the axon and its terminal 
arborization. Thus in accordance with earlier 
deductions®:!® most of the AChE at the endplate 
is postsynaptic and proportionately little is 
presynaptic. This is the reverse of the situation 
present in the majority of the synapses in 
sympathetic ganglions®!! and may account for 
some of the physiologic and pharmacologic 
differences be-ween neuromuscular and gan- 
glionic transmission. 

Couteaux's cepiction of the interposition of the 
teloglial sheath between the axon and the sub- 
neural apparatus is analogous to the situation in 
autonomic ganglia described by de Castro.” 
According to tie latter author the preganglionic 
fibers are ensheathed in glial cells and thus do 
not make direct contact with the ganglionic 
neurons or their dendrites. If both conceptions 
are correct the influence of the glial elements on 
ganglionic ard neuromuscular transmission 
under normal and pathologic conditions must 
be considered. The ganglionic glial cells and the 
Schwann sheath cells, from which the former 
take their origin, contain non-specific or pseudo- 
ChE, the function of which remains to be deter- 
mined. The suggestion that the enzyme is 
responsible for maintenance of the myelin 
sheath!*!* has been disputed.'® It is quite 
possible that the low concentration of non- 
specific ChE recently demonstrated by Denz!* 
at the motor endplate is localized in the Schwann 
cell-derived tetoglia. 

Until recently, histochemical findings indi- 


* From the Department of Physiology and Pharmacology, Graduate School ef Medicine, University of Pennsylvania. 
Philadelphia, Pennsylvania 
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cated that the AChE of the nervous system was 
present only in cholinergic neurons, including 
those giving rise to motor fibers, preganglionic 
fibers and cholinergic postganglionic fibers, and 
certain neurons of the central nervous system. 
By the use of a selective inhibitor* of AChE 
to rule out staining due to hydrolysis of the 
histochemical substrate (acetylthiocholine) by 
other enzymes, and by employing a prolonged 
incubation period (two hours), it has now been 
found that adrenergic and sensory neurons 
contain relatively low concentrations of AChE.!? 
This requires modification of the previously ex- 
pressed conclusion? that histochemical evidence 
is wholly incompatible with Nachmansohn's!? 
theory of the role of acetylcholine in the conduc- 
tion of nerve impulses, the general aspects of 
which have been discussed by Eccles,!? Gerard?? 
and Bullock.*' The significance of the small 
amounts of the enzyme present in adrenergic 
and sensory neurons, the acetylcholine and 
choline acetylase concentrations of which are 
also extremely low, has not been established. 
Although there have been reports of non- 
specific pathologic changes in the muscle 
fibers of patients with myasthenia gravis,?? 
there is practically no information available 
concerning possible alterations in the details of 
the structures described. Studies employing 
specialized histologic and histochemic technics 
should be undertaken, in conjunction with 
physiologic and biochemic investigations, in 


* 1-5-bis(4-ally] dimethylammonium phenyl) pentan- 
3-one dibromide or B.W. 284c51. 
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future attempts to elucidate the nature of this 
disease and thereby advance the therapy. 
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Neuromuscular ‘Transmission’ 


Fundamental Aspects of the Normal Process 
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N the vertebrate animal the normal neuro- 
muscular transmission process involves the 
following sequence of events: nerve ac- 

tion potential — acetylcholine release — 
combination of acetylcholine with endplate 
membrane receptor — decrease in transmem- 





the contractile system in the intact muscle cell 
subsequent to the propagation of a membrane 
action potential along the length of the fiber. 
At present the nature of the coupling between 
the membrane action potential and activation of 
the contractile system is unknown. The muscle 


Fic. 1. A typical resting and action potential record obtained distant from the 
endplate. A and D are records with the microelectrode outside the fiber at the be- 
ginning and end of the experiment. B and C are records with the microelectrode 
inside the fiber. In B the fiber is at rest. C shows the activity which results from 
stimulation of the motor nerve. Calibration grid; ordinate 10 mv. steps, abscissa 
0.2 millisecond intervals. The last portion of the falling pnase was not recorded. 


brane potential at the endplate — muscle action 
potential — muscle contraction. These steps are 
considered from the biophysical point of view 
in two recent reviews.''? In this article discussion 
is limited to a few selected topics chosen to 
illustrate certain principles and to point out some 
modern research technics now used in the 
study of neuromuscular transmission. 

Initiation of Contraction; Muscle Cell Membrane 
Potentials. We may begin with the last step of 
the transmission process, namely, shortening of 


cell transmembrane potential characteristic of 
the resting and active states may be recorded 
by piercing the fiber with a fine microelectrode.? 
A typical record so obtained is shown and ex- 
plained in Figure 1. 

Initiation of the Muscle Action Potential. A 
propagated muscle action potential may be 
initiated at that point along the length of a 
muscle fiber where the resting membrane poten- 
tial is suddenly reduced to a critical value. If the 
membrane potential does not reach the critical 


* From the Department of Physiology, College of Physicians and Surgeors, Columbia University, New York, N. Y. 
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level, the disturbance remains localized and the 
membrane potential returns to the resting level, 
no propagated action potential being elicited. 
These facts are illustrated in Figure 2 which 
shows the membrane potential of a single muscle 
fiber recorded at the zone of application of a 
short electrical current of variable intensity. 





id 


Fic. 2. Reduction in membrane potential recorded in 
the zone of application of an outwardly directed elec- 
tric current. A,D and calibration grid as in Fig. 1. B, .;, 
series of records showing return of the membrane poten- 
tial toward the resting level of —92 mv. (Bo) immedi- 
ately after the extrinsic electric current is removed. In 
Bı current strength is least, in B; greatest. C is a propa- 
gated action potential produced by applying current 
slightly stronger than in B;. Critical membrane poten- 
tial at which a propagated action potential is produced 
is —41 mv. 


It can be seen that at the close of a weak stimulus 
the membrane potential returned to the resting 
value. A stimulus strong enough to reduce the 
membrane potential from 92 to 41 mv. produced 
a critical state whereby a propagated action 
potential arose. 

Changes in membrane potential of a muscle 
fiber at the endplate occurring during neuro- 
genic initiation of an action potential have been 
studied using an internal microelectrode.* A 
typical record obtained thereby* is shown in 
Figure 3. Similar results have been reported by 
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Fic. 4. Plot of a typical resting and action potential 
record obtained at the center of the endplate to illus- 
trate some of the nomenclature used in this paper. 
A, B, C and D as in Figure 1. EPP, endplate potential; 
CMP, critical membrane potential. For further de- 
tails sce reference 4. 





Fic. 3. A typical resting and action potential record obtained at the center of the 
endplate. A, B, C, D and calibration grid as in Figure 1. Trace C was produced 
by stimulating the motor nerve. (Rising phase of trace C retouched.) 
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Fatt and Katz.° For in vivo neurogenic initiation 
of muscle action potentials at the endplate, like 
the electrical initiation just described, it is 
required that the transmembrane potential be 
reduced to a critical value. l 

For descriptive purposes, a typical membrane 
action potential recorded at the endplate is 
redrawn in Figure 4. When a nerve action 
potential arrives, it causes localized reduction of 
membrane potential at the endplate called the 
endplate potential (EPP). This record shows 
that the membrane potential was reduced to the 
critical level (CMP), and as a consequence a 
propagated action potential was initiated in the 
muscle fiber. 

As is well known, the principal action of d- 
tubocurarine is to reduce the sensitivity of the 
endplate to acetylcholine. Therefore if sufficient 
d-tubocurarine is applied to a nerve-muscle 
preparation, neuromuscular transmission may 
be blocked, i.e., a nerve action potential will 
no longer initiate a muscle action potential. 
Under these conditions, with the intracellular 
microelectrode at the endplate, an uncompli- 
cated endplate potential is recorded, as shown in 
Figure 5. These records were obtained by 
stimulating the nerve at three-second intervals, 
during which time the endplate was perfused 
with a minute volume of Ringer’s solution in 
order to remove d-tubocurarine. The result 
was a very prompt increase in the amplitude 
of the EPP until finally the CMP was reached 
and thereby a propagated action potential was 
initiated. Washout of d-tubocurarine caused no 
change in the time course of the EPP, indicating 
that its removal simply increases the sensitivity 
of the endplate membrane for acetylcholine. If 
the washout of d-tubocurarine is continued, the 
EPP rises with greater speed, the CMP is reached 
earlier and the result is a decrease in transmission 
delay at the n-m junction. 

Membrane Potential Changes Produced by Tran- 
sient Application of Acetylcholine to the External 
Surface of the Endplate Membrane. Acetylcholine 
is thought to react with the endplate membrane 
causing this structure to increase its permeability 
to ions. Further information on this point can be 
gained from studying the reaction under con- 
ditions where the extracellular electrolyte 
composition is varied. Unfortunately, variations 
in electrolyte usually affect the behavior of the 
nerve and therefore in such experiments it is 
necessary that some other means be used to apply 
small constant amounts of acetylcholine to the 


NOVEMBER, 1955 


605 


endplate. The atter problem has been solved 
at least partially by development of a method in 
which acetylcholine is applied electrophoretic- 
ally.^ A brief Gescription of the method is as 
follows: The membrane potential of the muscle 
cell at the endplate is recorded with an internal 
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Fic. 5. Serial group of endplate potential records ob- 
tained at 3 second invervals during perfusion of a muscle 
fiber immersed in Riager’s solution plus d-tubocurarine, 
5.5 mg. /L. Perfusion with Ringer's solution began with 
the record at the botom. 


microelectrode. (Fig. 6.) At a point 10 to 20 y 
from the record ng site, acetylcholine ions 
are delivered electrophoretically to the external 
surface of the endplate. To do this a micro- 
needle is filled with acetylcholine (0.55 M) 
and contact with the solution is made via an 
Ag-AgCl electrode. Diffusion of acetylcholine 
ions is prevented Fy applying a negative poten- 
tial to the electrode. Brief ejection of acetyl- 
choline ions occurs when the electrode potential 
is driven positive by applying a 5 millisecond 
positive square wave voltage pulse to the system 
as indicated. 
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When increasing amounts of acetylcholine ions 
are applied to the endplate by this method, the 
membrane potential at this site is progressively 
reduced, as shown in Figure 7. ‘‘Endplate 
potentials" of increasing magnitude are pro- 
duced until finally the critical membrane poten- 
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Fic. 6. Schematic diagram showing the experimental 
arrangement used when recording changes in the 
transmembrane potential produced during micro- 
electrophoretic application of acetylcholine ions to the 
outer surface of the endplate. The pipette to the left is 
used when changing the composition of the extra- 
cellular fluid in this zone. For further details see text. 


tial is reached and a propagated action potential 
is elicited. If the amount of applied acetylcholine 
ions is increased still further, multiple action 
potentials appear. 

Mechanism by Which Acetylcholine Reduces the 
Membrane Potential at the Endplate. Any change 
in membrane potential means that the distribu- 
tion of electric charge (ions) across the mem- 
brane is altered. Reduction of the membrane 
potential requires ionic redistribution, as stated 
in Figure 8. 

It follows that acetylcholine facilitates trans- 
membranal movement of ions, a process alter- 
natively described as an increase in membrane 
permeability. A likely source of inward moving 
positive charge would be Nat ions, that is to 
say, one action of acetylcholine might be to 
increase the Na* ion permeability of the end 
plate membrane. To test this hypothesis it is 
necessary to alter the extracellular Na* con- 
centration and then measure the change in 
membrane potential during high speed transient 
application of a constant amount of acetyl- 
choline to the outer surface of the endplate 
membrane, using the electrophoretic method. 

Two types of experiments were performed.* 
In the first type (Fig. 9) the muscle was placed 


in normal Ringer's solution and single endplates 
were perfused with NaCl-free Ringer's solution. 
Sucrose was substituted to maintain constant 
osmotic pressure. Before, during and after the 
perfusion the membrane potential change pro- 
duced subsequent to electrophoretic application 
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Fic. 7. Endplate potentials produced by microclectro- 
phoretic application of acetylcholine ions to the end- 
plate in successively increased amounts. Intracellular 
recording. 


of a small quantity of acetylcholine ions was 
recorded. It can be seen that removal of NaCl 
virtually abolishes the response to acetylcholine 
ions. 

The second type of experiment (Fig. 10) was 
essentially like the first except that the muscle 
was equilibrated in Ringer’s solution containing 
no NaCl and the endplate was perfused with 
normal Ringer’s solution It can be seen that this 
perfusion restores the response to application of 
acetylcholine ions. From a series of such experi- 
ments it was found that the response of the 
end-plate membrane to acetylcholine ions is 
reduced at least by a factor of 14 when extra- 
cellular NaCl is removed. 

The conclusions one may draw from the pre- 
ceding experiments are: (1) combination of 
acetylcholine ions with endplate receptors is 
inhibited when the total ionic strength of the 
extracellular solution is reduced; (2) a promi- 
nent response of the endplate membrane when 
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reacted with acetylcholine 1ons is an increase in 
its permeability to Na* ions. 

At present there is no evidence bearing on the 
validity of the first possible conclusion. This is a 
critical point which merits further investigation. 
It must also be pointed out that the increase in 


MEMBRANE DEPOLARIZATION 


average, 5 X 16 ^!5 equivalents of acetylcholine 
ions are applied to the endplate.’ Since the 
application is a wasteful process, the minimum 
amount of acetylcholine ions required must 
be even smalle-. Fatt and Katz? have shown 
that the net charge transported across the 
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Fic. 8. Membrane depolarization process 
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Fic. 9. Typical endplate potential changes produced by microelectrophoretic application of acetylcholine ions to the 
endplate of a single muscle fiber. The fiber was immersed in normal Ringer: solution and perfused with *'sucrose 
Ringer's" solution (NaCl-free). Peak amplitudes of the endplate potentials were as follows: before perfusion 24 mv., 
during perfusion less than 1 mv., after perfusion 23 mv. Resting potentials measured during these periods were 90, 
89 and 90 mv. 


Fic. 10. Typical endplate potential changes produced by microelectrophoretsc application of acetylcholine ions to 
the endplate of a single muscle fiber. The fiber was immersed in *sucrose Ringer’s” solution (NaCl-free) and perfused 
with normal Ringer's solution. Peak amplitudes of the endplate potentials were as follows: before perfusion 1 mv., 
during perfusion 18 mv., after perfusion 2 mv. Resting potentials measured duriag these periods were 87, 80 and 86 mv. 


permeability brought on by acetylcholine ions 
is not selectively limited to Na* ions but appears 
to include the K* ion as well. For further 
evidence on this matter see references 2, 5 and 9. 

“Trigger Function" of Acetylcholine. As stated 
previously, the genesis of the endplate potential 
depends at least in part on the penetration of the 
membrane by positively charged extracellular 
ions. Released acetylcholine ions might act as a 
source of penetrating positive charge but it is a 
fact that the total electrical charge which moves 
is much too great to be entirely accounted for in 
this way. To illustrate, by means of micro- 
electrophoresis it can be shown that a propa- 
gated action potential may be elicited if, on the 
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membrane curing a subthreshold endplate 
potential is 80 X 10 !* equivalents, and in the 
absence of d-tubocurarine the figure increases to 
200 to 400 X 10 !* equivalents. Hence, each 
acetylcholine ion facilitates transmembranal 
movement of at least 20 to 75 additional uni- 
valent ions and in this sense it may be thought 
of as having a “‘trigger function." 

Release of Acetylcholine. ‘The mechanism bv 
which acetylcaoline ions are released during 
the ‘‘resting’’ state and subsequent to arrival of a 
motor nerve ‘mpulse has been the subject of 
intensive investigation by Katz and his col- 
laborators. ‘ais important work cannot be 
discussed here and the reader is referred to the 
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reviews of Fatt,! and Castillo and Katz? which 
deal more extensively with the subject. 
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lar blocking agents has been in a turmoil. 

The careful studies of Paton and Zaimis! 
on decamethonium and homologues showed that 
the paralysis produced by these agents was dif- 
ferent from the paralysis produced by tubo- 
curarine. Even though the blockade produced 
by decamethonium was limited to the neuro- 
muscular junction, it was found that neostigmine 
did not antagonize the block; in fact in some 
instances it would make it worse. Burns and 
Paton? observed that the blockade produced by 
decamethonium coincided with a sustained 
depolarization of the endplate region. Since 
tubocurarine does not produce such a de- 


S 1948 the investigation of neuromuscu- 


polarization, we can classify neuromuscular | 


blockimg agents as depolarizing neuromuscular 
blocking agents and non-depolarizing neuromuscular 
blocking agents. Many statements have appeared 
in the literature that substances are depolarizing 
neuromuscular blocking agents without direct 
evidence of depolarization of the endplate 
region. The indirect evidence is based on effects 
such as spastic paralysis in the pigeon, contrac- 
ture of the rectus abdominis of the frog, lack of 
antagonistic effect with neostigmine, and the 
height of contraction during and after tetanic 
stimulation. All these are useful tools, but the 
ultimate classification, whether an agent blocks 
by depolarizing or without depolarizing, lies in 
recording the depolarization and comparing this 
with the observed neuromuscular blockade. In 
our laboratory we used, slightly modified, the 
technic described by Burns and Paton.* A 
moving electrode scans the surface of a muscle 
and the potential between the moving electrode 
and a stationary electrode placed near the 
tendon of the same muscle is recorded. The 
results lead to the following classifications: (1) 
Depolarizing neuromuscular blocking agents— 
decamethonium, succinylcholine, succinylmono- 
choline, neostigmine and edrophonium (ten- 
silon®); (2) Non-depolarizing neuromuscular 


blocking zgents—tubocurarine, dimethyl-tubo- 
curarine, “kaxedil,® mytolon? and 1:5 di (N-allyl- 
N-di-methylaminophenyl)pentan-3-o0ne(53-67). 

In the list of depolarizing neuromuscular 
blocking agents succinylmonocholine is of 
interest because it is the first degradation product 
of succinylcholine? and is still an effective 
depolarizmg neuromuscular blocking agent, a 
fact whick should not be overlooked by those 
who use sv ccinylcholine. 

Neostigmine, edrophonium and (53-67) are 
primarily cholinesterase inhibitors and as such 
are antagcnists to tubocurarine. In larger doses 
all three can produce neuromuscular blockade. 
With neoszigmine and edrophonium this block- 
ade is accompanied by a sustained depolarization 
whereas with (53-67) no such depolarization is 
evident. 

Zaimis! compared the paralyzing dose of 
decamethonium and of tubocurarine in different 
species. I the species were arranged so that the 
paralyzing dose of decamethonium increased 
when going toward the right, the paralyzing 
dose of tu»ocurarine tended to decrease in that 
same direction. When we compare different 
muscles cf the same species, e.g., the soleus and 
tibialis of the cat, we find that the paralyzing 
dose of decamethonium is smaller for the tibialis 
than for the soleus whereas with tubocurarine 
the opposite is true.’ In Figure 1 an attempt is 
made to explain the different behavior of the 
soleus azxd tibialis muscles. Although it is 
oversimplified, this simple hypothetic graph 
helped me very much in tying controversial 
facts together. The distance from top to bottom 
represents the membrane potential. The dashed 
line arbicarily placed in the middle represents 
the critical membrane potential. This is the 
membrane potential at which, after quick 
depolarization, an action potential ensues. I 
should lik= to assume that a sustained depolariza- 
tion at this level will produce blockade. 

After simulation of the sciatic nerve acetyl- 


* From the Department of Pharmacology, University of CincinnatL College of Medicine, Cincinnati, Ohio. 
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choline is released at the endplate region and, 
according to our present concepts, this acetyl- 
choline gives rise to an endplate potential 
(e.p.p.). In Figure 1 I propose that the resulting 
e.p.p. is different in the two muscles. Àn impor- 
tant factor may be the relative relation between 


STIM, RESULTS IN TWITCH 


IF SUSTAINED: 
BLOCKADE 
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the e.p.p.'s. In other words, the sustained level 
of depolarization produced by a certain dose of 
decamethonium is lower in the soleus than in the 
tibialis. In the tibialis the sustained depolariza- 
tion would reach the critical membrane potential 
and thus no action 2otential or twitch could 
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Fic. 1. For explanation see text. 


the heights of the e.p.p. and the critical mem- 
brane potential; this is shown in Figure 1. 
Another important factor may be the angle at 
which the rising phase of the e.p.p. reaches the 
critical membrane potential. 

What happens after the administration of 
tubocurarine? The competitive antagonism 
between acetylcholine and tubocurarine will 
prevent a certain portion of the acetylcholine 
from reacting with the receptive substance and 
the result is a smaller e.p.p. Let us assume that 
the e.p.p. is decreased to two-thirds its original 
height. In the soleus muscle this depolarization 
is, according to our hypothetic scheme, not 
enough to reach the critical membrane potential 
and thus tubocurarine prevents the production 
of an action potential or twitch. In the tibialis, 
however, two-thirds the original e.p.p. still 
reaches the critical membrane potential and thus 
the action potential or twitch is still present. In 
order to produce paralysis of the tibialis we have 
to increase the dose of tubocurarine so that 
the e.p.p. may be diminished to half its original 
height. In other words, as far as tubocurarine is 
concerned the paralyzing dose for the tibialis is 
higher than that for the soleus. 

What about decamethonium? Here the sus- 
tained level of depolarization is important. Let 
us now assume that the ratio of the depolariza- 
tion produced by decamethonium in the two 
muscles is the same as the ratio of the heights of 


occur. In the soleus, on top of the sustained 


depolarization, the e.p.p., even though it is 


diminished, reaches the critical membrane 
potential; and since this is a quick depolariza- 
tion, we will observe a normal twitch. In order 
to produce paralysis with decamethonium in the 
soleus we have to increase the dosage. Thus, the 
paralyzing dose of decamethonium for the 
soleus is higher than that for the tibialis. 

The e.p.p.’s after decamethonium are drawn 
smaller than the original e.p.p.’s because I 
believe that besides the depolarization produced 
by decamethonium there exists also a mutual 
antagonism between zcetylcholine and decame- 
thonium similar to that proposed for tubo- 
curarine. 

We observed differences between decame- 
thonium and tubocu-arine. Are there similar- 
ities in their effects? 

Frequency of Stimulation. Increased frequency 
of stimulation of the sciatic-gastrocnemius 
preparation of the rat results in a decrease of the 
paralyzing dose for both depolarizing and non- 
depolarizing neuromuscular blocking agents.® 

Neostigmine Antagonism. (1) In the isolated 
lumbrical muscle of che rabbit Jenden et al." 
described two phases of paralysis after the 
administration of decamethonium. The first 
phase has a rapid onset, is short-lasting and can- 
not be antagonized bv neostigmine. This is the 
usual blockade seen after decamethonium in 
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contrast to the second phase. T'he second phase is 
slow in onset, outlasts the first phase and can be 
antagonized by neostigmine. (2) In the intact 
cat Jewell et al.? found that after two or three 
injections of decamethonium the neuromuscular 
blockade in the soleus can be antagonized by 
neostigmine. (2) In some myasthenia gravis 
patients Churchill-Davidson et al.? observed that 
paralysis produced by decamethonium was 
antagonized by neostigmine. 

In terms of Figure 1 all these facts can be 
explained if we suppose that the safety factor, 
i.e., the difference between the e.p.p. and the 
critical membrane potential, is diminished. This 
could be caused by a lack of free acetylcholine, 
a lack of free receptive substance, an inability 
of the endplate region to undergo adequate 
depolarization or a change of the critical mem- 
brane potential. In more general terms, we can 
try to formulate what occurs at the endplate with 
the aid of Figure 2. I have assumed a reversible 
reaction between acetylcholine and the receptive 
substance which leads to the formation of AchR. 
The amount of AchR produced depends on the 
concentration of the free receptive substance and 
the free acetylcholine. Also, AchR is responsible 
for the local depolarization. When Ach comes in 
a single burst from the nerve impulse, AchR is 
short-lived and results in a quick depolarization 
and a quick repolarization, better known as the 
endplate potential. Under special circum- 
stances it is possible to maintain a large amount 
of AchR at the endplate. The result then is a 
sustained depolarization which in itself produces 
neuromuscular blockade similar to the one seen 
after administration of decamethonium. 

Tubocurarine and acetylcholine are both 
assumed to compete for the same free receptive 
substance. Therefore in the presence of tubo- 
curarine the acetylcholine released after a nerve 
impulse will find a smaller concentration of free 
receptive substance. The result is that less AchR. 
is formed and there 1s therefore less depolariza- 
tion at the endplate. The combination of tubo- 
curarine and receptive substance does not lead 
to depolarization, and hence tubocurarine 
produces its block by decreasing the total 
amount of free “R” available for acetylcholine. 

With decamethonium the picture is slightly 
more complex. Let us assume that decame- 
thonium reacts with the receptive substance in 
the same way as does acetylcholine. It will 
therefore occupy a certain amount of the free 
receptive substance, leaving a smaller amount 
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available to react with acetylcholine. DecR, 
however, by itself produces a depolarization of 
the endplate. Under special circumstances 
this depolarization produced by DecR is quick 
enough to result in a twitch. DecR is ordinarily 
long-lasting (that is, more than one minute) 


IF SHORT —— TWITCH 


Ach - R =-f£ch R ——> depol. < 
IF SUSTAINED--BLOCKADE 


Tc «Rie To R (no depot), 
Ach +R} heh R ——9 as above 


IF SHORT -- TWITCH 
TI 

Dec +iR i4 Dac R ——™ depo! Paed IF SUSTAINED--BLOCKADE 

Ach «Ri Ash R — as above 


Fic. 2. 


and the sustained depolarization which it 
produces is the primary cause of neuromuscular 
blockade seen after administration of decame- 
thonium. One can, however, theorize that at 
certain occasions or in special motor endplates 
the sustainzd depolarization produced by DecR 
is not the primary cause of blockade. If motor 
endplates exist in which the depolarization from 
the maximal amount of AchR after maximal 
stimulation is barely able to reach the critical 
membrane potential, then one may postulate 
that in thes? same muscles the concentration of 
free receptive substance is a very important 
factor for aeuromuscular transmission. Thus, 
these muscles will be very sensitive to tubo- 
curarine. Furthermore, if the maximal amount 
of AchR is relatively ineffective in these muscles 
in producinz depolarization adequate to stimu- 
late, we can assume that DecR is equally 
ineffective in producing the sustained de- 
polarization necessary to block. Therefore, it will 
require a lerge amount of decamethonium to 
produce a cepolarizing neuromuscular blockade, 
so large indeed that before this level of sustained 
depolarization is reached the production of 
sufficient quantities of AchR after nerve stimula- 
tion is interfered with. This then becomes the 
cause of neuromuscular blockade despite the 
presence of a slight sustained depolarization. 
Under these circumstances neostigmine becomes 
effective as an antagonist, since by preventing 
the destruction of acetylcholine it will allow a 
larger concentration of acetylcholine to react 
with the receptive substance and thus neuro- 
muscular transmission can be restored. 

This discussion is much theory based on very 
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few facts. I hope that this theorizing may open 
the road for many new experiments. 
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Pharmacology of the Anticholinesterase 
Drugs—Mestinon, Prostigmin, Tensilon 


and TEPP' 


LoweLL O. RANDALL, PH.D., C. E. Conroy, T. M. FEenRuGGiA, B. H. KAPPELL and 
C. R. KNOEPPEL 


Nutley, New Jersey 


ESTINON® is one of the new anti- 
M cholinesterase drugs which is being 
tested currently in myasthenia gravis. 
A pyridine analog of prostigmin, mestinon was 


first synthesized by Urban and Schnider (1945) !? ` 


in the Hoffmann-La Roche Laboratories at 
Basle, Switzerland. It had been found by 
Osserman et al.? and Tether’! in 1954 to have 
advantages over prostigmin® in duration of 
action and mildness of side effects. ‘This paper is 
concerned with the pharmacology of mestinon 
in comparison with prostigmin, tensilon® and 
TEPP (tetraethyl pyrophosphate). Prostigmin 
has long been the anticholinesterase of choice 
in the treatment of the disease. Tensilon is a 
short-acting anticholinesterase which is used as a 
diagnostic agent (Osserman and Kaplan’). 


TEPP is a representative of the long-acting - 


anticholinesterases which have had unsuc- 
cessful trials in the disorder (Grob and Harvey’). 


OCON(CH3)o 


N 
g^ M 
CH; Br 
Mestinon bromide; pyridostigmine bromide (dimethyl 
carbamic ester of 3-hydroxy-1-methylpyridinium 


bromide) 
OCON(CH3;)s; 
CH;—N—BR 
CH; CH; 


Prostigmin bromide; neostigmine bromide (dimethyl 
carbamic ester of 3-hydroxy-phenyl-trimethyl 
ammonium bromide) 


OH 


C2H;--N—Cl 
CH; 


CH; 
Tensilon cHoride; edrophonium chloride (3-hydroxy- 
phenv-ethyl-dimethyl ammonium chloride) ` 


| | 
C;H,O—P—O—P—OCH; 


C;H;O OCH; 
‘LEPP (tetraethyl pyrophosphate) 


Toxicity. 'lhe acute toxicity of mestinon in 
comparisom with prostigmin was worked out in 
detail by Fromherz and Pellmont* in 1953. 


TABLE I 
ACUTE TOXICITY IN MICE 


intravenous Subcutaneous Oral 


LDse : LDso ; LDio f 
(mg. /kg.) Ratio (mg./kg.) Ratio (mg./kg.) Ratio 


Were P i | Ó—M— | À————— | — M ———————— | — À— ——— | —MÓ M ———— | — —— Hah 


Mestinon i 37 1 2.7 1 . 32 1 
Prostigmin| Ð 17 8 0.42 6 7.5 4 
Tensilon.,| 90. 16 130 Lgo 600 190 
TEPP....| 0027 | 50 n 


The average toxicity of mestinon was one-fifth 
that of prostigmin by various routes in mice, 
rats, rabbi-s, guinea pigs and cats. The relative 
toxicities varied from about equal toxicity of 
mestinon znd prostigmin by the subcutaneous 
route in mice and the oral route in rats to one- 
fifteenth b» the subcutaneous route in rats. The 
relative tcxicities as measured in our laboratory 
are shown -n Table 1. Our data are in agreement 


* From the Department of Pharmacology, Hoffmann-La Rocae Inc., Nutley, New Jersey 
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: INTESTINAL MOTILITY- CAT A 
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. 
=o 





MGM/KGMTENSILON v | 


0.02.5 MGM/KGM -FROSTIGMIN 


Fic. 1. Comparative stimulating effects of tensilon, mestinon and p-ostigmin on 
the intact intestine of the cat. Motility was recarded with a tambour connected by 
a glass tube to the lumen of the duodenum. To» curve, intestinal motility; middle 
curve, arterial pressure. 


with those of Fromherz and Pellmont (1953) in 
that mestinon has been found to be one-fourth 
to one-eighth as toxic as prostigmin. Tensilon 
is one-sixth to one-fiftieth as toxic as mestinon, 
while TEPP is fifty times more toxic than 
mestinon. All the compounds produce typica: 
signs of over-stimulation by acetylcholine— 
salivation, increased intestinal motility, defeca- 
tion, fibrillation, convulsions and respiratory 
paralysis. 

Intestinal Motility. Mestinon has about one- 
fourth to one-half the potency of prostigmin 
as a stimulant of isolated rabbit intestine (From- 
herz and Pellmont*). It sensitizes the isolated 
intestine to acetylcholine and the effects are 
blocked by atropine. The intact rabbit intestine 
is also stimulated by mestinon administered 


intravenously at doses two to four times those of 
prostigmin and the effects of acetylcholine are 
potentiated. The intact intestine of the cat also is 
stimulated by this dosage. In Figure 1 it is shown 
that 0.1 mg./kg. of tensilon administered 
intravenously produces a very rapid stimulation 
followed quickly by relaxation. Mestinon and 
prostigmin stimulate after a delay of several 
minutes. Mestinon is about one-fourth as active 
as prostigmin and the duration of action is at 
lezst as long. TEPP Eas a potency similar to that 
of prostigmin but che duration of action is 
longer. 

Effect on Blood Pressure. Fromherz and Pell- 
mont? in 1953 reported that mestinon and 
prostigmin have very little effect on blood 
pressure of cats in small non-toxic doses. Large 
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Fic. 2. Potentiation effects of tensilon, mestinon and prcstigmin on the responses 
of the blood pressure to acetylcholine and vagus stimulation. Blood pressure was 





measured from the carotid artery of a dog anesthetized with pentobarbital. 


doses cause a fall of blood pressure as a result 
of parasympathetic stimulation. This is accom- 
panied by dilation of peripheral vessels. Hob- 
biger? in 1950 found that mestinon is one-fifth 
as active as prostigmin as a sensitizer of the frog 
rectus to acetylcholine while TEPP is equal to 
prostigmin. 

Our experience confirms the slight effects of 
mestinon on the blood pressure of cats. (Fig. 1.) 
lhe results of potentiation experiments on 
acetylcholine and the vagus in the dog are 
shown in Figure 2. Tensilon potentiates the 
depressor effects of acetylcholine for about fifteen 
minutes but the depressor response to vagus 


stimulation is not potentiated. Mestinon and: 


prostigmin potentiate both effects for several 
hours. Mestinon is not more than one-fourth 
as active as prostigmin. There is a prolonged 
potentiation of these effects by TEPP. This 
compound is a stronger cholinergic agent than 
prostigmin and is also much more toxic. 
Neuromuscular Transmission. Fromherz and 
Pellmont* in 1953 found that mestinon has 
about one-half of the anticurare activity of 
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prostigmin in cats. The paralysis of the sciatic 
tibial preparation produced by tubocurarine 
was antagoaized by 0.2 mg./kg. of mestinon or 
0.1 mg./kg. of prostigmin. Casier and Verbeke? 
in 1950 als» observed anticurare action in the 
same dose range. Blaschko et al.! in 1949 used the 
rat phrenic diaphragm preparation and found 
that mestinon was 149 as strong as prostigmin. 
Hobbiger®:n 1950 reported results indicating that 
the effect cf mestinon as an anticurare agent 
was one-fifth as strong as prostigmin on the frog 
rectus. TEPP was equal to prostigmin. 

Our experiments (Fig. 3) show that mestinon 
has about or.e-fourth the activity of prostigmin as 
an antagonst to tubocurarine paralysis of the 
sciatic nerve tibial muscle preparation in cats. 


J[ensilon is as active as mestinon but TEPP is 


weaker. Tersilon has a rapid onset and a short 
duration of ection whereas mestinon, prostigmin 
and TEPP Fave long duration and slow onset. 

The dura:ion of action in these experiments 
was estimated from the time required for 
repeated doses of tubocurarine to reproduce the 
original block. While tensilon effects were 
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Fic. 3. Anticurare action of tensilon, prostigmin, mestinon and TEPP in a cat 
anesthetized with pentobarbital. Recording of the anterior tibial muscle stimu- 
lated through the sciatic nerve; time is in minutes. At the long arrows, part of the 


record was omitted. 


counteracted by d-tubocurarine within ten 
minutes, the action of mestinon, prostigmin aad 
TEPP lasted up to an hour. 

Potentiation of the twitch tension by tensilon 
is also a rapid action of short duration. (Fig. 1.) 
Mestinon and prostigmin have a greater delay 
of onset and a gradual effect on twitch tension. 
Mestinon is about one-eighth as strong as 


prostigmin in this test and the duration of effects 
are about equal. TEPP is relatively weak and it 
has a much delayed onset of action. 'The spread 
between the doses which produces an increase 
in tension and the curariform effect also differ. 
This spread between the potentiating dose and 
the curarizing dos? represents the safety margin 
of the drugs. Tensilon has an eight-fold safety 
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Fic. 4. Potentiation of the twitch tension in cats by tensilon, prostigmin, mestinon 
and TEPP. Recording of the response of the tibial musz e to stimulation of the 


sciatic nerve. 


margin, prostigmin a four-fold safety margin, 
mestinon at least an eight-fold safety margin, 
while TEPP has only a two-fold safety margin. 
Mestinon has a greater safety margin than 
prostigmin in this test. 

The differences in rate of onset of action in 
these experiments may represent the differences 
in the rate of penetration or diffusion to the site 
of action at the neuromuscular junction. The 
increase in tension produced by the agents as 
well as the curariform effect are interpreted as 
the result of the accumulation of acetylcholine 
at the sites of action. Alternate explanations for 
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the fast action of tensilon are that it may have a 
direct depolerizing action at the neuromuscular 
junction ard it may potentiate acetylcholine 
directly. However, most workers now believe 
that the action is primarily an anticholinesterase 
effect with -esultant accumulation of acetyl- 
choline. This subject has been reviewed by 
Riker!? (1973) and Randall and Jampolsky* 
(1953). 

‘Anticholinesterase Activity. ‘The anticholinester- 
ase activity of mestinon was found to be one- 
tenth that cf prostigmin by Blaschko et al! 
in 1949. Thiz relative activity was measured in 
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vitro using true cholinesterase from the brain of 

the dog. The relative anticurare activity on the 

phrenic diaphragm of the rat was one-fortieth. 

Hobbiger® in.1950 indicated that mestinon had 

about one-fifth the activity of prostigmin in 

inhibiting the cholinesterase of frog muscle. 
TABLE II 


CORRELATION OF CHOLINESTERASE INHIBITION WITH 
TOXICITY AND ACTIVITY 





Cholinesterase 
Inhibition Relarive Relative 
Toxicity Anti- 
Concen- y ron curare 
tration Ratio | venovsly) eee 
for 50% y 
Inhibition 
Prostigmin..] 1 X 1077 1 1 1 
Mestinon...| 2 X 10-8 | Wo 1g 44 
Tensilon....| 2 X 1075 | 1499 163 14 
TEPP...... 5 x 107? 20 


This same ratio of activity was found for the 


sensitizing of muscle to acetylcholine and for the | 


anticurare effect on frog muscle. Casier? in 1950 
also reported on low anticholineste-ase activity of 
mestinon with respect to true choHnesterase. 
Our results indicate that mestinon has about 
449 the activity of prostigmin when tested on red 
cell esterase; the activity of tensilcn was 1409 of 
prostigmin, while TEPP was twenty times that of 
prostigmin. ‘These relative antcholinesterase 
values correlate reasonably well wth the relative 
toxicities of the compounds ir mice. This 
indicates that toxicity is a consequence of the 
cholinergic effects of anticholinesterase agents. 
The relative anticurare activities dd not correlate 
with the anticholinesterase values or the toxicity. 
Mestinon itself does show a slightly better ratio of 
anticurare activity to toxicity and anticholin- 
esterase activity than prostigmin. Tensilon 
shows a high anticurare activity in relation to 
anticholinesterase activity and toxicity, while 
TEPP has a very poor ratio of anticurare activity 
to toxicity and anticholinesterase activity. The 
anticurare activities are better correlated with 
the clinical results than either tcxicity or anti- 
cholinesterase activities. (Table ir.) 
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These anticurare results correlated with the 
clinical findings in myasthenia gravis reveal that 
mestinon is better tolerated than prostigmin 
a.though it is a weaker drug. Tensilon is very 
well tolerated and it is quite safe in myasthenia 
g-avis; its very short action is useful for diag- 
nostic purposes. T'EPP is useless because of its 
low margin of safety. 


SUMMARY 


Mestinon is a pyridine analog of prostigmin 
which has one-eighth to one-fourth the toxicity 
of prostigmin, one-fourth the intestinal stimu- 
lating capacity, cne-fourth the potentiating 
effects on acetylckoline and the vagus, one- 
fourth the anticurare activity, one-eighth the 
potentiating action on twitch tension and one- 
twentieth the anticholinesterase activity on red 
cell esterase. Mestinon and prostigmin have a 
slow onset of action in various tests and a long 
curation of action in contrast to the rapid onset 
and short duration of action of tensilon. Mesti- 
non and prostigmia have a much better safety 
margin between anticurare activity and toxicity 
than TEPP. The anticurare activity in cats offers 
& better index of predictability of clinical activity 
in mvasthenia gravis than the toxicity or anti- 
cholinesterase activity of these compounds. 
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Electromyographic Changes in 


Myasthenia Gravis 


RicHARD J. Jouws, M.D., DAvip Gros, M.D. and A. McGHEE HARVEY, M.D. 
Baltimore, Maryland 


COMPLETE description of the partial 
A block in neuromuscular transmission in 
myasthenia gravis is a prerequisite in 

any attempt to uncover the underlying cause of 


this block. The purpose of this study is to 
describe in some detail the properties of the 





potentials in the region of the recording elec- 
trode. (Fig. 1.) Thus when some neuromuscular 
junctions are blocked their individual muscle 
fibers do not respond to the nerve stimulus 
and the summnated or integrated action potential 
decreases in size. Contrariwise, when there is a 


Fig. 1. Diagram of stimulation of the nerve and recording xom the muscle as well 
as a photograph of a typical muscle action potential. 


myasthenic neuromuscular block. This was ac- 
complished by recording the electrical response 
of muscle to various patterns of nerve stimulation. 

The ulnar nerve was stimulated percu- 
taneously just above the elbow with a rec- 
tangular current pulse of 150 microseconds’ 
duration. Great care was taken to insure 
maximal nerve stimulation at all times. The 
electrical activity of the muscle was recorded 
between a surface electrode over the belly of the 
abductor of the fifth finger and an indifferent 
electrode. These muscle action potentials were 
amplified and photographed from. the face 
of a cathode-ray oscillograph. Such action 
potentials are polyphasic and represent a sum- 
mation of the individual muscle fiber action 


decrease in neuromuscular block more indi- 
vidual muscle fibers respond, and the integrated 
action potential increases in size. Changes in the 
size of the integrated action potential therefore 
serve as a measure of changes in neuromuscular 
transmission. 

Is there a partial block of the transmission of a 
single impulsz in generalized myasthenia gravis? 
This question was investigated by comparing 
the size of the action potential in response to a 
single nerve stimulus in a group of normal sub- 
jects and a group of myasthenic patients. The 
mean amplitade in a group of twenty normal 
subjects was 7.5 millivolts; in a group of twenty- 
six patients with generalized myasthenia gravis 
it was 5.4 milivolts. While the difference be- 


* From the Department of Medicine, Johns Hopkins University and Hospital, Baltimore, Maryland. 
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Fic. 2. Time course cf the increased degree of block following passage of a single 

impulse in generalized myasthenia gravis (closed circles) and partal curarization 

(open circles). The size of the test response (B) is expressed as a percentage of the 

conditioning respon:e (A) and is plotted against the interval between the 


responses. 





hi. 


Fic. 3. Action potential response to -epetitive nerve stimulation in generalized myasthenia gravis. Stimulation at 
rates of A, 5 per second; B, 10 per second; C, 25 per second, and D, 50 per second. The late exponential increase in 
degree of block has not yet occurred in the segments of the record shown in A and B. 
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tween these means was statistically significant, 
there was a wide overlap between the individual 
values in the two groups. Thus statistical 
analysis suggests that there is a partial block of 
the transmission of a single impulse in the 
myasthenic group but it provides no informa- 


140 
120 


lOO 


40 


20 


0 | 2 3. 4 


second rezponse. The time course of this in- 
creased block following the passage of a single 
impulse was traced out by varying the interval 
between conditioning and test stimuli. (Fig. 2.) 
The block increased following the passage of an 
impulse ard reached a maximum in about one 
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Fic. 4. The time course of the post-tetanic facilitation cf neuromuscular trans- 
mission in generalized myasthenia gravis (closed circ es). The conditioning 
tetanus was a train of 121 stimuli at 200 per second. The size of the test response 
(B) is expressed as a percentage of the size of a pretetan:c response (A). This is 
plotted against the interval between the end of the conditioning train and the 
test stimulus. Similar results are obtained in a partially cvrarized normal subject 


(open circles). 


tion regarding the presence or absence of block 
in many of the individual myasthenic patients 
whose potentials were within the broad normal 
range. The fact that neostigmine can increase 
the size of the action potential response to a 
single stimulus in most patients with generalized 
myasthenia gravis, even when the potential is 
within the normal range, may be taken to 
indicate that some degree of block was present 
in these patients. 

The effect of transmission of a single impulse 
on the ability of the myasthenic neuromuscular 
junctions to transmit a subsequent impulse was 
next investigated. A conditioning nerve stimulus 
was followed by a test stimulus and the test 
action potential response was compared to the 
conditioning response. In patients with gen- 
eralized myasthenia gravis the second (test) 
response was smaller than the first (condition- 
ing) response, demonstrating that there was an 
increased degree of block to the passage of the 
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second. The degree of block then gradually 
decreased. Transmission did not return to the 
control level until ten or more seconds after the 
conditioning nerve stimulus. No such block was 
demonstrated in normal subjects but was repro- 
duced in the partially curarized normal subject. 

When trains of stimuli were delivered to the 
ulnar nerve at various frequencies, there was a 
characteristic time course of increase in degree of 
block, as evicenced by the size of the action po- 
tential resporse to the successive stimuli. (Fig. 3.) 
At first there was an abrupt increase in block 
followed by a period of decreased block. This 
was in turn followed by a slow exponential 
increase in b.ock. A similar sequence of events 
was demonstrated in partially curarized normal 
subjects. In contrast, in normal subjects the 
amplitude of the action potentials was main- 
tained in response to stimulation at rates up to 
25 per second. 

Neuromusc.ilar transmission during the period 
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following a train of repetitive scimuli was 
studied in the same manner described for the 
period following a single stimulus. A. condition- 
ing train was delivered. At variable time inter- 
vals after the end of the train a single test 
stimulus was applied. The muscle action poten- 
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not be demonstrated in normal subjects, nor 
would facilitation be expected since neuro- 
muscular transmission is already maximal. 
However, post-tetanic facilitation (or decurar- 
ization) could be seen in the partially curarized 
normal subject. (Fig. 4.) 


MAU 


Fic. 5. In a patient w:th generalized myasthenia gravis a train of 121 stimuli at 
fifty per second was ‘ollowed after a five second pause by a similar train of 
stimuli. A, the resporse to the first train showing the typical decreased muscle 
action potential size; B, the response to the second train showing post-tetanic 
facilitation of the first action potential followed by more rapid decline of subse- 


quent potentials. 


tial in response to the sinzle test stimulus was 
compared with the response to a single stimulus 
delivered before the tetanic stimulation. The 
response to the first stimulus of the conditioning 
train of stimuli was used for ths pre-tetanic 
control. Again the time course bf this post- 
tetanic change in degree of block was obtained 
by varying the interval between the end of the 
tetanus and the test response. (Fig. 4.) After one 
second there was a period of facilitation of neuro- 
muscular transmission during waich the test 
response exceeded the control response. This 
post-tetanic facilitation (or decrease in degree of 
block) disappeared after approximately 10 sec- 
onds. Increases in either duration or frequency 
of the conditioning train increased the degree of 
facilitation. With a conditioning train frequency 
of 100 per second there may be discernible action 
potential responses to only the rst 20 to 30 
stimuli due to the rapid and marked increase in 
degree of block at such high frequencies. Never- 
theless further increases in train length or fre- 
quency were capable of increasing the degree of 
post-tetanic facilitation. This fact indicates that 
postjunctional events, initiation and propaga- 
tion of the muscle action potential and muscular 
contraction, were not essential to the produc- 
tion of post-tetanic facilitation. Post-tetanic 
facilitation of neuromuscular trarsmission could 


In order to investigate this myasthenic post- 
tetanic facilitation further the conditioning train 
of stimuli was followed at different time intervals 
by a test train of stimuli. Again the first action 
potential response to the test train exhibited 
post-tetanic facilitation but subsequent re- 
sponses declined more rapidly. (Fig. 5.) Thus 
the post-tetanic facilitation of transmission of a 
single impulse appeared to be at the expense of 
the ability zo transmit subsequent impulses. 


SUMMARY 


The partial block of transmission at the neuro- 
muscular ‘unction in generalized myasthenia 
gravis manifests several characteristic features. 

1. There is a slight degree of block to the 
passage of a single impulse. 

2. Following the passage of a single impulse 
there is an increase in the degree of block which 
reaches a maximum about one second after the 
passage of the impulse. Ten seconds may be 
required before the degree of block decreases to 
its initial level. 

3. The application of a train of impulses to 
the neuromuscular junction results first in a 
progressive increase in block to the passage of 
the impubes. This is followed by a transient 
decrease in block which in turn is followed by a 
progressive increase in degree of block. The 
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magnitude of this increase in block increases as 
the stimulating frequency is raised. 

4. Repetitive nerve stimulation is followed 
after a brief interval by a period of facilitation of 
neuromuscular transmission. This post-tetanic 
facilitation represents a decrease in the myas- 
thenic block and is probably prejunctional in 
origin. The degree of post-tetanic facilitation is 
increased by increasing the duration or fre- 
quency of the tetanic stimulation. The post- 
tetanic facilitation of transmission of a single 
impulse is at the expense of the myasthenic sub- 
ject’s ability to transmit subsequent impulses. 

While such a study provides no direct evi- 
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dence regarding the cause of the myasthenic 
block, it does afford a detailed description of this 
block. Such a description provides a basis upon 
which ccmparisons can be made between the 
myastheric block and pharmacologically pro- 
duced blocks; it gives a frame of reference 
against which drug-produced changes in the 
myasthenic block may be measured. The close 
resemblanze between the neuromuscular block 
in myasthenia gravis and the block produced by 
d-tubocurzrine in normal subjects has been 
pointed ovt. This indicates that the myasthenic 
block could be produced by a competitive (or 
curare-like) block. 


Alterations in Neuromuscular Transmission 


in Myasthenia Gravis As Determined by 
Studies of Drug Action’ 


Davip Gros, M.D., Ricuanp J. JOHNS, M.D. and A. McGEHEE HARVEY, M.D. 
Baltimore, Maryland 


muscular transmission is normaly mediated 
by acetylcholine (ACh), whick. is released 
from the motor nerve ending following stimula- 
tion of the nerve. ACh depolarizes the muscle 
endplate, initiating the endplate potential. 
which in turn initiates the propagated actior 
potential and contraction of the muscle fiber 
The ACh is normally quickly hydrolyzed into 
acetate and choline by cholinesterase concen- 
trated in the region of the endplare, following 
which repolarization occurs and the endplate is 
thereby made ready to be acted upon again. 
Impairment of transmission at the neuro- 
muscular junction, i.e., neuromuszular block, 
may result from either excessive or deficien- 
action of ACh on the endplate, or from drugs 
which simulate these effects. The administration 
of ACh in excessive concentration, or of an 
anticholinesterase compound such. as neostig- 
mine which permits the local accumulation of an 
excessive concentration of endogenous ACh, 
results in abnormally prolonged depolarization of 
the endplate. While it is depolarized the endplate 
cannot be stimulated, and neuromuscular block 
ensues until the ACh is hydrclyzed. This 
“depolarization” type of block, which also 
occurs in most animal species following the 
administration of decamethonium or choline, is 
intensified by the administration of ACh or 
neostigmine. A second type of block is the ‘‘com- 
petitive’ block. This results fcllowing the 
administration of d-tubocurarine which blocks 
the access to the endplate of ACh released from 
the motor nerve ending, probably Ey competing 
with ACh for a common recepto- site in th2 
endplate. The competitive type of klock inhibits 
the depolarizing action of ACh more com 


I is now generally accepted chat neuro- 


pletely than does the depolarizing type of block. 
The competitive type of block is reversed follow- 
ing the administration of ACh or neostigmine, 
which permits the local accumulation of suffi- 
cient ACh to displace d-tubocurarine and over- 
come the block. 

In an effort to obtain further information on 
the characteristics of neuromuscular transmis- 
sion in normal subjects and in patients with 
myasthenia gravis, a study was made of the 
effect of ACh on neuromuscular transmission. 
This was done by injecting ACh into the brachial 
artery through an indwelling cannula during 
intermittent supramaximal stimulation of the 
ulnar nerve and observing the effect on the 
amplitude of the induced muscle action poten- 
tials recorded from the skin over the abductor of 
the fifth finger. Trains of four supramaximal 
stimuli were delivered to the ulnar nerve at 
intervals of 40 milliseconds every two to five 
seconds and injections made after the fourth 
train. Stimulation was continued at two- to 
five-second intervals for several minutes, and 
then at longer intervals for periods up to several 
hours. Observations were carried out in twenty- 
five normal subjects and fifteen patients with 
generalized myasthenia gravis. 

In each of the normal subjects ACh, in doses 
of 1 mg. or more, produced a brief burst of 
potentials, accompanied by involuntary move- 
ment, lasting five to ten seconds. Immediately 
afterward there occurred a period of prompt" 
depression of induced potentials, lasting about 
twenty seconds, with even depression of suc- 
cessive potentials. (Figs. 1 and 2.) This was fol- 
lowed by temporary recovery and then by a 
more prolonged “late depression of induced 
potentials which began one to three minutes 


* From the Department of Medicine, Johns Hopkins University and Hospital, Baltimore, Maryland. 
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Fic. 1. Prompt and late depressant effects of ACh on the muscle action pctentials evoked by nerve stimulation in 
a normal subject. A, control muscle potentials in response to four supramaximal nerve stimuli at forty-millisecond 
intervals. B, prompt depression eight seconds after the intra-arterial injection of 5 mg. ACh. C, recovery fifteen 
seconds after injection. D, late depression twenty-three minutes after injz-tion. 
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Fic. 2. Time course of the prompt and late depressant effects of intra-arter-elly injected ACh on the muscle action 
potential responses to. nerve stimulation in a normal subject. The nerve was stimulated by trains of four supra- 
maximal stimuli forty milliseconds apart at two-second intervals. The muscle action potentials in response to the first 
(@—e) and fourth (O---—O) nerve stimuli of each train have been plotted. 
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after the injection of ACh and lasted for ore- 
half to one hour. Successive potentials were 
evenly depressed. . 

The properties of the prompt and late depres- 
sions (ie., neuromuscular blocks; produced by 
ACh were investigated by observing the effect of 
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sodium acetate, in doses up to 200 mg., had no 
effect on induced »otentials. The intra-arterial 
injection of choline chloride in doses of 5 to 


30 mg. produced prolonged depression of 


induced potentials which resembled the late 
depression produced by ACh. Successive poten- 


2.5mg, ACh x 
0.02mg, ACh AFTER 
NEOSTIGMINE 
10 20 0 lo 20 30 
TIME (SECONDS) 


Fic. 3. Potentiation and prolongation by neostigmine of the prompt depressant 
action of intra-arterial ACh on muscle action potentials induced by nerve stimu- 
lation in a normal subject. The nerve was stimulated by trains of four supra- 
maximal stimuli forty milliseconds apart at two-second intervals. On the left is 
shown the prompt depressant effect of 2.5 mg. ACh prior to neostigmine, and on 
the right of 0.02 mg. ACh administered twelve minutes after tae intra-arterial 
injection cf 1.2 mg. neostigmine. P-ior to neostigmine, 0.02 mg. ACh had no effect 


on the incuced potentials. 


the intra-arterial injection of ACh and neo- 
stigmine on each block. The prompt depression 
was enhanced and prolonged by the prior iniec- 
tion of neostigmine (Fig. 3), indicating that it 
has the properties of a depolarizing block. The 
late depression was also increased following the 
administration of ACh or neostigmine (Fig. 4), 
indicating that this too has the properties of a 
depolarizing type of block. The time course of 
the prompt depression produced by ACE is 
compatible with this being a direct effect of ACh 
on the motor endplates, since this compound is 
rapidly hydrolyzed. Since the late depression 
did not begin until one to three minutes after the 
injection of ACh and since it persisted for cne- 
half to one hour, long after hydrolysis of the ACh 
had- occurred, the possibility that it might be 
due to one of the products of hydrolysis of A.Ch 
was investigated. The intra-arterial injection of 


tials were evenly depressed. The depression 
procuced by these doses of choline was enhanced 
by the injection of ACh or neostigmine (Fig. 5), 
indicating that it too is a depolarizing type of 
block. Larger doses of choline produced more 


marked depression than occurred (late) follow- 


ing ACh. This was enhanced by the injection of 
ACh, but reversed to a slight extent by small 
doses of neostigmine, manifesting properties of a 
mixed type of block. The depression produced by. 
choline differed from the late depressant effect of 
ACh in its more rapid onset (ten seconds after 
injection), but otherwise the time course was the 
same. Ít seems likely that the late depression 
produced by ACh is due to choline liberated 
following the hydrolysis of ACh, and that the 
longer latent period represents the time required 


for hydrolysis to occur. The main difference 


between the depressant effect of choline and of 
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Fic. 4. Depressant effect on induced muscle action potentials 5f neostigmine administered 
following their (late) depression by ACh in a normal subject. A, control muscle potentials 
evoked by four supramaximal nerve stimuli at forty-milliseconc intervals. B, late depression 
following the intra-arterial injection of four doses of 10 mg. ACh. C, further progressive 
depression and repetitive firing after the initial potential, thirty -five seconds after the intra- 
arterial injection of 0.5 mg. neostigmine. 


Fic. 5. Depressant effect on induced muscle action potentials of neostigmine administered 
following their depression by choline in a normal subject. A, control muscle potentials 
evoked by four supramaximal nerve stimuli at forty-millisecond intervals. B, depression 
produced by the intra-arterial injection of 30 mg. choline. C, further progressive depres- 
sion seventy-five seconds after the intra-arterial injection of 1 mg. neostigmine. 


Fic. 6. Prompt and late depressant and reparative effects of ACh on the muscle action po- 
tential responses to nerve stimulation in a myasthenic patient. A, control muscle potentials 
evoked by four supramaximal nerve stimuli, at forty-millisecond intervals. B, prompt 
depression ten seconds after the intra-arterial injection of 5 ng. ACh. C, repair of the 
myasthenic defect twenty-two seconds after injection. D, late depression seven minutes after 
injection. . 
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ACh was in the dose-effect relationship, similar 
degrees of depression being produced by choline 
in doses three times that of ACh. Since each 
milligram of ACh yields 0.8 mg. of choline on 
hydrolysis, one might expect the reverse to 
occur. However, it is alsa possible that ACh 
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these potentials was more marked. As in the 
normal subjects the prompt depression was 
enhanced by the prior injection of neostigmine, 
indicating that it is a depolarizing type of block. 
On the other hand, tbe late depression produced 
by ACh was reversed by the administration of 
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Fic. 7. Time course of the prcmpt and late depressant and reparative effects of intra-arterially injected ACh on the 

muscle action potential responses to nerve stimulation in a myasthenic patient. The nerve was stimulated by trains 

of four supramaximal stimuli at five-second intervals. The muscle action potentials in response to the first (6——9) 
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and fourth (O----O) nerve stimuli of each train have been plotted. 


hydrolyzed at the neuromuscular junction may 
give rise to choline in more intimate contact with 
the endplates than would result from the injec- 
tion of choline. 

In each of the patients with myasthenia gravis 
the injection of ACh, in doses of 1 mg. or more, 
produced transient stimulation of motor unit 
activity and involuntary movement, followed by 
prompt and late depressions of induced poten- 
tials having the same tim? course as in normal 
subjects. (Figs. 6 and 7.) In addition there was 
transient increase in ampl-tude, or repair, of the 
latter potentials which had been initially reduced 
in amplitude, manifesting the decrement char- 


acteristic of. myasthenia gravis. This repair - 


occurred between the prompt and late depres- 
sions, and lasted for two minutes. The degree 
of prompt depression of tke latter potentials of a 
train was less in myasthenic patients than in 
normal subjects, while the late depression of 


ACh or neostigmine (Fig. 8), indicating that it is 
a competitive type of block in the myasthenic 
patients, in contrast to the depolarizing type of 
block which occurred in normal subjects. The 
time course of the late depression produced by 
ACh again suggested that this depression might 
be due to one of the products of hydrolysis of 
ACh. Once more sodium acetate had no effect 
but the intra-arterial injection of choline 
chloride, in doses of 5 to 30 mg., produced tran- 
sient increase in the induced potentials followed 
by prolonged depression which resembled the 
late depressant effect of ACh. The depression 
produced by choline, which was more marked 
in the later potentials of a train in myasthenic 
than in normal subjects, was promptly reversed 
by ACh or neostigmine (Fig. 9), indicating that 
it is a competitive type of block in myasthenic 
patients. The late depression produced by ACh 
would therefore appear to be due to choline 
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released following the hydrolysis of ACh. As in 
the normal subjects, approximately three times 
as much choline as ACh was required to produce 
comparable degrees of depression, again sug- 
gesting that choline derived from ACh hydro- 
lyzed at the neuromuscular junction may have 
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ACh mors completely than the depolarizing 
type of block, and inhibition of the depolarizing 
action of endogenous ACh.released following 
nerve stimulation would explain the neuro- 
muscular Elock of myasthenia gravis. It is not 
yet knowr why choline produces a competitive 





Fic. 8. Reversal by neostigmine of the late depression of induced muscle action potentials 
produced by ACh in a myasthenic patient. A, control muscle potentials evoked by four 
-supramaximal nerve stimuli at forty-millisecond intervals. B, late depression following the 
intra-arterial injection of five doses of 7.5 mg. ACh. C, reversal of the depression two 
minutes after the intra-arterial injection of 1 mg. neostigmine. 


Fic. 9, Reversal by neostigmine of the depression of induczi muscle action potentials pro- 
duced by choline in a myasthenic patient. A, control muscle potentials evoked by four 
supramaximal nerve stimuli at forty-millisecond interval: B, depression following the 
intra-arterial injection of 100 mg. choline. C, reversal of the depression seven minutes after 
the intra-arterial injection of 1 mg. neostigmine. 


more ready access to the endplate than injected 
choline. 

It is not known if the observed effects of in- 
jected ACh and choline have faithfully repro- 
duced the actions of the endogenous compounds 
released during neuromuscular transmission. 
Nevertheless these effects do indicate that the 
defect in neuromuscular transmission in myas- 
thenia may be due to a competitive block pro- 
duced by choline released in a normal manner 
during neuromuscular transmission following 
hydrolysis of endogenous ACh. The competitive 
type of block inhibits the depolarizing action of 
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type of b-ock in myasthenic patients and a pre- 
dominantly depolarizing block in normal sub- 
jects. Stedies are in progress to determine 
whether -his is due to an abnormal response of 
the myasthenic endplate to choline itself, or to 
the formation in myasthenic patients of a prod- 
uct of choline which is a competitive blocking 
agent. Churchill-Davidson and Richardson have 
found a s.milar abnormal response of myasthenic 
patients zo decamethonium, and we have like- 
wise observed that decamethonium produces a 
competit.ve type of block in these patients, in 
contrast to a predominantly depolarizing block 
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in normal subjects. This suggests that the myas- 
thenic endplate may react abnormally to a 
variety of compounds which normally produce 
depolarization, the response to choline being of 
particular importance because of the release 
of this compound following motor nerve aciivity, 
ACh release and hydrolysis. 


SUMMARY 


The injection of ACh was found to produce, in 
normal subjects and in patients with myasthenia 
gravis, transient stimulation of motor unit 
activity followed by prompt transient depression 
of induced potentials, attributable to the de- 
polarizing action of ACh. In myasthenic patients 
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this was followed by a period of transient poten- 
tiation of induced potentials. In both normal 
subjects and myaszhenic patients there then 
ensued a late prolonged depression of induced 
potentials, attributable to choline released as a 
result of hydrolysis of ACh. This late depression 
has the properties of a depolarizing block in 
normal subjects and a competitive block in 
patients with myasthenia gravis. ‘These observa- 
tions indicate that the defect in neuromuscular 
transmission in myasthenia gravis may be due to 
a competitive (ACh inhibitory) block produced 
by choline released in a normal manner during 
neuromuscular transmission following hydrolysis 
of endogenous ACh. 
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tional abnormality in myasthenia gravis is a 
failure of neuromuscular transmission. Pre- 
vious theories as to the causation of this disease 
have been based either on the unproved 
existence of a curare-like. substance or, on the 
contradictory results of studies of the: action. of 
acetylcholine in normal and myasthenic sub- 
jects. The introduction of the..decamethonium 
salts (C 10), which act in a similar manner to 
acetylcholine,!* offered a unique opportunity 
for re-investigation of this controversial matter. 
In our studies we used a combination of 
volitional and electromyographic technics fol- 
lowing intravenous injection of decamethonium 
iodide in both normal and myasthenic subjects.’ 
The response of the various muscle groups 
throughout the body could thus be measured. 

In normal subjects a dose of 2.5 mg. of 
decamethonium produced a 70 to 80 per cent 
reduction in the height of the action potential 
of the hypothenar muscles on supramaximal 
stimulation of the ulnar nerve and resulted in 
some muscle weakness. A subsequent intravenous 
injection of an anticholinesterase compound, 
tensilon,® at the height of the decamethonium 
paresis led to a profound increase in the degree 
of generalised weakness. In other words, injec- 
tion of a neostigmine analogue in the presence 
of decamethonium paresis leads to potentiation 
of the depolarisation block. 

Localised Myasthenia Gravis. In myasthenic 
subjects a completely different type of response 
was encountered. In those patients in whom the 
disease was localised to a few muscle groups 
(localised myasthenia gravis) and particularly 
in those in whom the symptoms of the disease 
were minimal, large doses of decamethonium 
could be tolerated without any evidence of a 
reduction in the height of the action potential or 
in volitional activity. For example, in a twenty- 
one year old woman, the injection of 10 mg. of 


I is. now generally accepted that the func- 


C 10 failec to produce any detectable signs of 
paralysis, vet as little as 3 mg. is sufficient to 
produce extreme weakness in normal subjects 
under similar conditions. Furthermore, over 
60 per cen: of the dose injected into this myas- 
thenic patient could be recovered from the urine 
and could >e shown to possess potent depolaris- 
ing activity when injected into the neck vein of 
the chick.* This resistance to the depolarising 
action of decamethonium was found to be 
present both before and six months after 
surgical removal of the thymus. Patients showing 
such marked tolerance to decamethonium are 
rare; there is little doubt that if further doses 
were giver the patient would ultimately show 
signs of muscular weakness. 

Generalised Myasthenia Gravis. In those pa- 
tients in whom the myasthenic weakness was 
generalisec (generalised myasthenia gravis) 
this apparent resistance to the depolarising 
action of C 10 previously described in the 
localised type was much less marked. The first 
muscles to show signs of paralysis due to the C 10 
were alwazs those which were clinically weak. 
When decamethonium finally brought about a 
neuromuscular block in the muscle of the 
myasthenic subject this block was not of the 
depolarisircg type but was a non-depolarisation 
(competitive inhibition) block. Evidence for this 
was that the block could readily be reversed by 
neostigmine or tensilon, was greater for tetanus 
than for twitch and also was unaccompanied by 
muscle tightness and fasciculations seen prior to 
depolarisation block. Nevertheless the brief 
improvement in muscle strength which was seen 
electromycgraphically in some myasthenic sub- 
jects was zaken as evidence of depolarisation 
preceding onset of non-depolarisation block. 


COMMENTS 


These observations on patients with myas- 
thenia grazis after injection of decamethonium 


* From St. Thomas’ Hospital, London, England. 
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suggest that the abnormality is one of an altera- 
tion in the response of the motor endplates, 
namely, a dual response (that is, depolarisation 
followed by non-depolarisation block).9* Some- 
where in the transition from the pure depolarisa- 
tion response of the normal subject to that of the 
dual response which is best seen in the clinically 
weak muscles of myasthenic subjects there must 
be an intermediate position in which the end- 


plates are resistant to depolarisation. The non- : 


weak muscles of myasthenic subjects show this 
type of response which is best seen, therefore, in 
cases of localised myasthenia gravis. 

The fact that these patients only have a few 
muscles showing clinical weakness, yet are able 
to tolerate large doses of intravenous C 10 with- 
out paresis, suggests that in myasthenia gravis 
the alteration in the response of the motor end- 
plate resists depolarisation and, finally, the 
threshold for excitation is raised so that a non- 
depolarisation block ensues. Clinically the 
presence of resistance to the depolarising activ- 
ity of C 10 can be used as a test for the presence 
of myasthenia; this has been found particularly 
useful in differentiating hysterical paresis from 
that due to localised myasthenia. 

It is important to stress that the clinically 
weak muscles of the myasthenic are the first to 
be affected by decamethonium. If the myas- 
thenic weakness was due either to a circulating 
or locally produced curare-like substance, then 
one would expect these muscles to be the most 


resistant to the depolarising activity of de- 
camethonium because the two types of block are 
antagonistic. Such is not the case. Our findings 
with decamethonium are inconsistent with such 
a hypothesis and can best be interpreted on the 
basis of the dual response. 

A dual mode of response to decamethonium 
identical to that observed by the authors in 
myasthenia gravis has been described as occur- 
ring in various species of animals. Thus while 
cat, avian and frog muscle respond to de- 
camethonium by pure depolarisation, the mus- 
cles of monkeys, dogs and hares can exhibit 
features of both depolarisation and non- 
depolarisation block with this substance. 

Although there is no direct evidence as yet 
that the motor endplates in man respond to 
acetylcholine or one of its breakdown products 
in this dual manner, such a conception would 
account for all the clinical features of myasthenia 
gravis. 
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Myasthenia Gravis Patients and in Partially 
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BJECTIVE testing of muscle function has 
() been performed in myasthenia gravis 
patients by means of mechanograms 

and electromyograms.'~4 To date none of these 
studies has utilized simultaneous recording of 
tension and action potentials although dis- 
crepancies between electrical and mechanical 
activity were pointed out by Harvey and 
Masland in 1941.! In myasthenia gravis patients 
these workers were unable to demonstrate any 
alteration from normal in the action potential 
of a single maximal induced twitch although 
they did find a progressive decline in amplitude 
of successive action potentials with repetitive 
stimulation at rates below 40/sec. On the other 
hand, Lindsley? found that the tension developed 
by single twitches in myasthenics was less than 
normal and this single twitch tension increased 
with the administration of neostigmine. Further- 
more, Odom, Russel and McEachern,? and 
Pritchard’ were unable to demonstrate any 
alteration in tetanus tension in myasthenia gravis 
patients unless stimulation rates faster than 
80/sec. were used. The present paper is an at- 
tempt to resolve these views by measurement of 
simultaneous electrical and mechanical activity 
of skeletal muscle in myasthenia gravis patients 
and in partially curarized, otherwise normal, 
subjects. The results indicate the following: 
(1) tension studies are more accurate indices to 
the degree of muscle weakness than the electro- 
myogram and (2) there may be changes in the 
contractile ability of the muscle in these two 


conditions at a time when no evidence of neuro- 
muscular trarsmission block can be observed. 
Apparatus aid Method. These have been 
described in detail in a previous paper.’ Figure 1 
is a diagram of the apparatus we used. After 
suitable splinting, the thumb was placed in a 





Fic. 1. Apparazus: A, stimulator; B, strain gauge to 
measure tension; C, electrodes to pick up action poten- 
tials. Both A and B are recorded on dual-beam cathode 
ray oscilloscope, the screen of which is photographed on 
35 mm. film moving continuously at the rate of 1,200 
in. /min. 


stirrup which was attached to an overhanging 
metal bar to waich strain gauges were bonded. 
When the thurab was adducted, the bar was bent 
very slightly aad the strain gauge output in- 
creased, causinz a deflection of one beam of a 
double-beam cathode ray oscilloscope. The 
other beam of the oscilloscope was deflected by 
action potentials picked up from a surface elec- 
trode on the belly of the adductor pollicis 


* From the Department of Physiology and Pharmacology, Graduate School of Medicine, University of Pennsyl- 
vania, Philadelphia, Pennsylvania. This work was supported in part by a research grant from the National Institute of 
Neurological Diseases and Blindness of the National Institutes of Health, U. S. Public Health Service, Bethesda, 


Maryland. 
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muscle. The short adductor of the thumb 
was induced to contract by supramaximal 
percutaneous stimulation of the ulnar nerve at 
the elbow. 


RESULTS 


Figure 2 shows the results with 3/sec. stimula- 
tion. No fusion of successive single twitch ten- 
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successive twitches at 3/sec. was accompanied 
by a decrease in action potential amplitude in 
only two of the four myasthenia gravis patients. 

In the three normal subjects after the intra- 
venous administration of d-tubocurare there was 
a decrease in the initial single twitch tension with 
a further decrease in the tension of successive 
twitches at 3/sec. In this instance there again 
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Fic. 2. Three per second stimulation: A and C, tension-time curves of first and fifth twitches; B and D, simultaneously 
recorded action potentials. Time relationships of tension-time curves and action potentials are not accurate in this 
and subsequent figures. In this and :ubsequent figures, the ratio equals number of subjects showing a given pattern/ 


total number of subjects. 


Fic. 3. Thirty per second stimulaticn: A and C, tension curves of beginning of tetanus to plateau; B and D, simul- 


taneous first and fifth action potentials. 


sions occurred at this stimulation rate either in 
the myasthenia gravis patients Dr in the normal 
subjects. Therefore, with 3/sec. stimulation 
one must note: (1) the initial single twitch 
and (2) the pattern of the successive single 
twitches. There was no difference between the 
tension and the action potential amplitude of the 
initial single twitches of nornaal subjects and 
myasthenia gravis patients. No significance can 
be placed on the finding that the mean initial 
single twitch tension was somewhat less in the 
myasthenics because no attention was paid to 
initial muscle length from individual to indi- 
vidual and the groups were not homogeneous as 
to age and sex. However, while the tension of 
successive twitches did not decrease in all the 
normal subjects, it did decrease significantly in 
all the myasthenics so that the tension developed 
by the fifth twitch was less than that developed 
by the first in all the myastherics. There was a 
discrepancy between the tension and the electro- 
myogram because the decrease in tension of 


was apparently no correlation between the 
electrical and mechanical activity of the muscle 
since in only one of the three subjects was there a 
decrease in the amplitude of the successive 
potentials. 

After the administration of neostigmine there 
was a slight but significant increase in initial 
single twitch tension in two of the four myas- 
thenia gravis patients, and in all four patients 
the decrement in successive twitch tensions was 
less marked than it had been before the drug was 
given. Again there was no correlation between 
electrical and mechanical activity since none 
of the myasthenics showed an increase in initial 
action potential amplitude and in only one of 
the four was there less marked decrement in the 
amplitude of successive action potentials after 
neostigmine. 

Figure 3 shows the results with 30/sec. stimu- 
lation for one second. Complete tetanus occurred 
at this stimulation rate. Tension within the 
normal range developed in all four myasthenics 
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and three of the four showed a significant de- 
crease in the amplitude of successive potentials. 
(However, one of the normal subjects showed 
a similar electromyographic pattern.) After 
neostigmine two of the three myasthenics who 
had had an abnormal electromyogram before 
the drug showed a significant increase in 
developed tension. In these two patients the 
successive action potentials were sustained better 
than they had been before neostigmine. After 
neostigmine there was no significant change in 
tension in the other patient who had had an 
altered electromyogram before the drug even 
though this pattern was restored toward normal. 

After intravenous d-tubocurare less tension 
with 30/sec. stimulation developed in all three 
normal subjects. On the other hand, only one of 
the three showed a decrease in initial potential 
amplitude and only two of the three showed a 
decrease in amplitude of successive potentials, 
which was not present prior to me administra- 
tion of the drug. * 

To recapitulate, in vede gravis pa- 
tients and in partially curarized otherwise nor- 
mal subjects mechanical activity can be altered 
without a corresponding change in electrical 
activity. This probably means that alterations 
can occur in the contractile processes of muscle in 
these two conditions apart from any change in 
neuromuscular transmission. It is apparent from 
the results of this study that changes in tension 
are more accurate measures of muscle weakness 
than are changes in the action potential. The 
method of recording simultaneous mechanical 
and electrical activity with indirect supra- 
maximal stimulation of the muscle appears to be 
an excellent objective measure of the effects of 
muscle relaxant drugs in man. This method 
eliminates many of the objections which have 
been raised to dynamometer methods of testing 
muscle strength.® If a choice between mechanical 
and electrical activity must be made, we believe 
that the recording of mechanical activity would 
be more useful, more accurate, more convenient 
and less expensive. 

Rather than speculate at this point upon why a 
difference should exist between electrical and 
mechanical activity, we would like to present 
some effects of tetanus upon the single twitch in 


* It is of interest to note that the individual who 
showed a decrease in tension but not in electrical activity 
at both 3/sec. and 30 /sec. stimulation after curare had 
marked symptoms of weakness of laryngeal and pharyn- 
geal muscles. 
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myasthenia gravis patients and in partially 
curarized, otherwise normal individuals. (Fig. 
4.) It can be se2n that in normal subjects a single 
twitch follow:ag a tetanus of 30/sec. for one 
second develoos greater tension than a pre- 
tetanus single *witch. This normal post-tetanic 
potentiation of twitch tension is unaccompanied 
by any changz in the action potential and lasts 
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Fre. 4. Effects of tetanus on single twitch: A, C, E and 
G, tension-time curves of single twitch, tetanus of 
30/sec. for one second, and single twitch at one and 
two minutes post- etanus; B, D, F and H, simultaneous 
action potentials of single twitches. Dotted lines in G 
indicate the tensixa developed by the pretetanus twitch 
after neostigmine. 


at least ten mioüutes.* In the myasthenia gravis 
patients and in the partially curarized normal 
individuals we found that post-tetanic potentia- 
tion of twitch tension did occur but did not last 
as long as it dic in normal uncurarized subjects. 
We had expected to find that the post-tetanic 
potentiation of twitch tension in myasthenia 
gravis patients aad partially curarized individu- 
als would be accompanied by an increase in the 
dimensions of tke action potential (amplitude, 
duration and arza), indicating that more fibers 
were active as a result of the restoration of 
neuromuscular transmission by the tetanus. 
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However, this was not the case since the post- 
tetanic potentiation of twitch zension was not 
accompanied by changes in the action potential 
dimensions. These findings suggest that in 
myasthenia gravis patients and in partially 
curarized normal subjects an zlteration in the 
contractile ability of skeletal muscle can account 
for muscle weakness at a time when there is no 
alteration in neuromuscular transmission. We 
do not mean to imply that tke myasthenic is 
identical to the curarized subwect, for further 
analysis of the post-tetanus stat2 shows that this 
is not so. These data will be reported elsewhere. 
When neostigmine was adirinistered to the 
myasthenia gravis patients we found that post- 
tetanic potentiation of twitch tension occurred, 
lasted as long as in normal subjects and was still 
unaccompanied by changes in rhe action poten- 
tial. We interpret these findinzs to mean that 
neostigmine can restore muscle strength in 
myasthenia gravis patients by altering the con- 
tractile processes without causirg any observable 
change in neuromuscular transmission. 
Post-tetanic potentiation of twitch tension 
may in part offer an explana-ion for the fact 
that at 30/sec. stimulation some myasthenics 
show normal developed tersion despite a 
progressive decline in action potential ampli- 
tude. It is possible that during the course of the 
tetanus some muscle fibers mmy alternate be- 
tween activity and inactivity. When they are in 
the inactive phase following aczvity, they are in 
the post-tetanus state. Then, when they again 
become active they contribute a greater incre- 
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ment of tension than they would have had they 
continued to be active throughout the tetanus. 
This view has been suggested by Brown and 
Burns’ to explain similar findings in fatigued 
cat skeletal muscle. 


SUMMARY 


In summary, the present study of simultaneous 
electrical and mechanical activity in myasthenia 
gravis patients and in partially curarized normal 
subjects indicates that tension changes at slow 
(3/sec.) and moderate (30/sec.) stimulation 
rates are more accurate indices to muscle weak- 
ness than changes in the action potential. In 
addition, the results in these two groups of sub- 
jects suggest that the weakness may, at least in 
part, be due to changes in the contractile ability 
of the muscle apart from any change in neuro- 
muscular transmission. Neostigmine apparently 
is capable of restoring the contractile ability of 
muscle at a time when no alteration in neuro- 
muscular transmission can be observed. 
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HE notion is not a new one that the 
| thymus might have something to do with 
myasthenia gravis; this is obvious from 
publications on the subject since the beginning 
of this century. Furthermore, it is clear that 
interest in the experimental investigation of the 
subject has arisen and has been maintained as a 
result of consistent clinical observations on 
patients with myasthenia gravis. The idea of 
trying to produce a myasthenic animal or at 
any rate of attempting to reproduce the essential 
features of this condition in the whole or part of 
an animal has occurred to many, but the results 
of such attempts as have been published are 
conflicting and in general have provided little 
evidence that the thymus influences muscular 
function. I shall not comment on the results of 
implanting pieces of thymus gland other than 
to draw attention to the fact that the duration of 
effect was transient, and that in no case has the 
tissue been transplanted to ensure vascular 
anastomosis with the recipient. 

I would like briefly to summarise the published 
evidence regarding the effects of thymus extracts, 
for statements are often made about findings by 
one author not being confirmed by another, 
when in fact the experiments have not been 
repeated. In most instances calf thymus extracts 
have been used; a few extracts have also been 
made with thymus glands removed from pa- 
tients with myasthenia gravis. The extracts of 
calf thymus have usually been made with saline 
solution and tested in doses equivalent to 0.4 to 
20 gm. of fresh thymus. The biologic prepara- 
tions used to assess the activity of the extracts 
have been of several types; the method has 
usually been to produce muscular weakness or 
fatigue in the unanaesthetised animal or in a 
nerve-muscle preparation by stimulation of the 
nerve supplying a muscle or group of muscles, 
and to observe whether the extract prevented, 
relieved or induced muscular fatigue. 

Adler produced in the dog rapid fatigue of the 
anterior tibialis muscle in response to repeated 


indirect tetaniz stimulation, after intravenous 
injection of an extract equivalent to 4 gm. of 
fresh calf thymus. This effect lasted for about 
twelve hours end was relieved and prevented 
by neostigmine. When the extract was injected 
subcutaneously the effect was delayed in onset 
but lasted for about twenty-four hours. Extracts 
of calf spleen did not produce these effects. 
Klose and Vogt used pressed thymus juice in 
doses equivalert to 10 to 20 gm. of fresh thymus. 
When this wa: injected intravenously or sub- 
cutaneously irto thymectomised puppies it 
aggravated the signs of fatigue already evident 
in these animas. Normal dogs were unaffected. 
Constant and has colleagues observed, in the cat, 
depression of the muscle twitch in response. 
to stimulation of its nerve after a saline extract 
equivalent to 2 gm. of dog thymus was injected 
into the carotid artery. 

A number cf attempts have been made to 
extract thymus glands from myasthenic patients 
and to test them for curare-like activity. The 
only evidence o: a positive nature is that by Con- 
stant and his colleagues who observed depression 
of the muscle twitch after intracarotid injection 
of a saline extract equivalent to 1 to 2 gm. of 
fresh thymus gand. 

Choice of Solsent, Biologic Test and Standard. 
The negative r2sults reported in many of these 
investigations zre probably due to the use of 
relatively insen:itive biological tests and to insuf- 
ficient doses of thymus, for an estimate of the 
amounts of tubocurarine required to produce 
an effect on these test objects shows that each 
dose of thymus would require to contain curare- 
like activity equivalent to 0.1 to 1 mg. d-tubo- 
curarine. This & beyond the usual total activity 
obtained from one myasthenic thymus gland. 
McEachern, at least, was aware of some of these 
difficulties when he briefly reported his results 
in a masterly review of the subject ten years 
ago. 

Our first extracts were prepared from myas- 
thenic thymus zlands and consisted of prelimi- 


* From the University of Liverpool, Liverpool, Eagland. 
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nary extraction with acetone followed by saline 
extraction of the acetone-soluble residue and of 
the acetone-dried gland. The combined saline 
extracts were adjusted to the pH of Tyrode solu- 
tion. The use of acetone in the extraction process 
was fortuitous, for it was primarily used for the 
storage of the thymus glands after their removal 
from patients. In view of the variations in water 
and fat content of fresh thymus, the activity 
of all extracts is referred to a weight of acetone- 
dried thymus, 1 gm. of which is equivalent to 
5 to 7 gm. of fresh thymus gland. 

For estimating the activity of the extracts we 
used the isolated. tat phrenic nerve diaphragm 
preparation described by Bülbring (1946), 
which is more sensitive to tu»ocurarine than 
any of the tests previously descr:bed. With slight 
modifications we were able to detect a depres- 
sion in the muscle twitch respoase to as little as 
2 ug. of tubocurarine. The selection of d-tubo- 
curarine as a standard substance with which to 
compare the action of thymus extracts was 
based entirely on the convenient assumption that 
if any effect of thymus extracts was related to the 
clinical features of myasthenia gravis, it would 
approximate more closely to tne action of this 
neuromuscular blocking agent than to any other 
drug known at that time. Subsequent experi- 
ments have shown that the actions of thymus 
extracts differ in a number of ways from those of 
d-tubocurarine. 

Preliminary Results. Biologic assay of human 
thymus glands obtained at operation from 
myasthenic patients and at autopsy from non- 
myasthenic infants and adults showed a wide 
variation in the activity that can be extracted 
from the thymus. The results show that the 
most active extracts were of myasthenic glands 
whose removal produced the greatest thera- 
peutic benefit and also thatlsome of the infant 
thymus gland extracts were, more active than 
those of normal adults. 

It was now obvious that if these results were 
related to a function of the thymus, the amount 
of activity secreted daily from the gland must 
greatly exceed the amcunt that can be extracted 
from it, for the most active mvasthenic thymus 
extract had a total activity equivalent to 14 mg. 
of d-tubocurarine not sufficien: to produce any 
effects in man. Large batches of thymus glands 
hence would be required for preparation of 
extracts; since it was unlikely that these would 
be obtained in sufficient amounts from myas- 
thenic patients, animal thymus glands should be 
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obtained from very young animals and pref- 
erably from foetuses. This is a point of some 
importance, for in later work with calf thymus 
extracts we were unable to explain some con- 
flicting and variable results until we found that 
the Ministry of Food officials, who at the time 
controlled the supply of material from the 
abattoir, did not distinguish between young 
calves and bullocks two to three years old. 

Later Methods of Extraction. ‘Thymus extracts 
prepared in this way are unstable in aqueous 
solution and lose at least 50 per cent of their 
activity when stored for twenty-four hours in the 
refrigerator. They are quickly inactivated by 
boiling in acid or alkaline solution and a solution 
of the ashed residue is inactive. Attempts were 
made to prepare a more stable extract by freeze- 
drying the aqueous solution. The freeze-dried 
residue is a buff-coloured amorphous powder, 
readily soluble in water, 1 mg. of which was 
equivalent to 0.5 gm. of acetone-dried thymus. 
Ether and petroleum ether were found to remove 
only inactive fatty material. 

Considerable difficulty arose regarding the 
processing of large batches of freeze-dried ma- 
terial and the original process of acetone and 
saline extraction was reinvestigated. When fresh 
thymus was shaken twice with acetone most of 
the activity was removed by the acetone and our 
subsequent method of extraction consisted in 
concentrating the filtered acetone extract under 
reduced pressure to a small volume. This con- 
centrate when centrifuged separated into three 
layers, the lowest of which was brown. The 
brown layer so obtained is a viscous liquid which 
wken concentrated im vacuo yields a brown 
residue which: is readily soluble in water and in 
saline solution, forming an amber-coloured solu- 
tion. ‘The brown layer appears to be stable when 
mixed with acetone and kept in the refrigerator, 
but aqueous solutions of it at room temperature 
are unstable. 

Batches of foetal whale thymus, human infant 
thymus and calf thymus, human. lymph node 
and human voluntary muscle have been ex- 
tracted in this way. The yield of brown layer has 
been greatest from foetal whale thymus and 
least from calf thymus. No definite brown layer 
separated from human lymph node and human 
voluntary muscle. | 

Mode of Action. A general study of the ac- 
tions of thymus extracts has not yet been made; 
attention has been focussed primarily on their 
effects on neuromuscular transmission and 
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voluntary muscular movements by comparing 
the actions of thymus extracts with those of 
d-tubocurarine and decamethonium (C 10). 

Frog Rectus. The response of the isolated 
frog rectus muscle to acetylcholine is decreased 
in the presence of tubocurarine and increased by 
C 10. There is a marked resemblance between 
the effects of myasthenic thymus gland extract 
and that of C 10, in which small doses potentiate 
the action of acetylcholine and larger doses 
produce a prolonged contracture. 

In the initial stages of the investigation this 
result came as a suprise but was always obtained 
under the same conditions. The possibility 
was considered that the extract might contain 
either one substance with two different types of 
action, or two different substances. To explore 
this the freeze-dried material was extracted with 
alcohol; the alcohol-soluble fraction produced 
an effect similar to that of d-tubocurarine but 
recovery from the former was more delayed than 
from the latter. 

The precise conditions necessary for the 
separation of this apparent curare-like fraction 
have not been determined, for although several 
attempts were made to repeat this separation 
from extracts of myasthenic thymus gland they 
have not always been successful. Furthermore, 
we have so far failed to obtain a similar fraction 
from extracts of calf thymus. In all cases the 
alcohol-insoluble fraction has always increased 
the response to acetylcholine. 

Antagonism with Anticholinesterases. It was an 
attractive proposition to determine the action of 
thymus extract in the presence of eserine. ‘The 
curare-like effect on the frog rectus preparation 
was not reduced when eserine was added to 
Ringer’s solution, nor was the response of the 
rat diaphragm preparation to the extract 
altered in the presence of eserine. The effect of 
myasthenic thymus extract is not reversed, as is 
typical of tubocurarine. Similar results have 
been obtained with foetal whale thymus extract 
on the cat tibialis/sciatic nerve preparation. 

Effects on Response to Direct and Indirect Stimula- 
tion. Some experiments were planned to study 
the effect of thymus extract on ‘the response of the 
isolated rat diaphragm preparation to indirect 
and to direct stimulation. It was hoped that the 
results so obtained would determine whether 
the action resembled that of tubocurarine more 
closely than that of C 10. This, of course, is not 
a a critical method of distinction. 

» When more adequate amounts of foetal whale 
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thymus extract became available by the simpli- 
fied acetone excraction, the effect of brown layer 
was observed on the cat tibialis preparation 
stimulated through its nerve. Small doses of 
the extract produce an increase in twitch height. 
Larger doses >roduce a transient contracture 
followed by a cepression in twitch height. These 
effects closely simulate those of C 10. The re- 
sponse, however, was not entirely typical of a 
depolarising effect since tetanus was not 
sustained. 

When the caronically denervated cat tibialis 
muscle is stimulated directly, the response 
to thymus extract consists of a contracture 
similar to thaz observed after an injection of 
C 10. ; 

Action on Chicks. Another approach was 
made by injecting brown layer intravenously 
into young chicks. Buttle and Zaimis have shown 
that in this way C 10 produces a rigid extension 
of the limbs aad retraction of the head with a 
typical spastic paralysis; by contrast, after 
tubocurarine there is flaccid paralysis and the 
neck is flexed. 

Within five seconds of a dose of 5 mg./gm. 
of body weight of foetal whale thymus extract 
the chicks show initially extension of the limbs, 
fluttering of the wings and irregular respiration, 
with loss of creeping; this is followed within a 
minute by a faccid paralysis of the limbs and 
flexion of the neck lasting for five to eight 
minutes, thereafter the cheep is restored and the 
chick recovers and walks about within ten to 
fifteen minutes. Larger doses caused rapid 
respiratory pa-alysis and the chicks died within 
forty-five seccnds. Extracts of human lymph 
nodes and of voluntary muscle when similarly 
injected had m effect. 

In view of the limited amounts of foetal 
thymus extract, only a few observations were 
made on the mouse. A modification of the right- 
ing reflex tes. (described by Collier and his 
colleagues in 1949) was used. The mouse is 
placed on a revolving drum rotating on a hori- 
zontal axis. À positive effect is scored if during 
a three-minute period the animal fails to.remain 
on the drum. After an intravenous injection of 
tubocurarine “0.1 ug./gm.) the mice fall from 
the drum in fifteen to forty-five seconds and 
usually recove- within five minutes. Foetal whale 
thymus extract in doses of 5 mg./gm. intra- 
venously caused the animals to fall off within 
one and a hzlf to two minutes; they usually 
recovered in eight to ten minutes. Larger doses 
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(7.5 to 25 mg./gm.) caused general paralysis 
of limbs and of respiration. 

While these experiments om unanesthetised 
animals lend support to the observations made 
on isolated tissue and other nerve muscle 
preparations, it is clear that tke nature of the 
action. produced by thymus extract does not 
comply with the criteria demarded of a neuro- 
muscular blocking substance cf either a com- 
petitive or a depolarising type. 

Effect of Thymus Extract on Response to Tubo- 
curarine. Since all the evidence so far obtained 
indicates that the action of the extract is 
transient, and at most lasts for only about 
fifteen to twenty minutes, it waz concluded that 
the prospects of maintaining a state of muscu- 
lar paralysis in animals coukl probably be 
brought about only by frequent injections of 
extract. Until sufficient supplies of thymus 
extract became available it was decided to 
determine whether thymus extract modified 
the response of the nerve-muscle preparation to 
neuromuscular blocking drugs, as appears to be 
the case in patients with myasthenia gravis. 

In the cat tibialis preparatior thymus extract 
appeared to increase the sensitivity of the 
preparation to tubocurarine, an effect not 
observed with lymph gland extract. Observa- 
tions on the chick showed tkat when tubo- 
curarine was given within eighteen minutes of 
an injection of foetal whale thymus extract the 
dose required to produce typical flaccid paralysis 
was only one-quarter of that normally required. 
When the time between the injection of thymus 
extract and tubocurarine exceeded twenty 
minutes, increased sensitivity wzs not observed. 


CONCLUSIONS 


No far-reaching conclusions can be drawn 
from these results for the work has only reached a 
preliminary stage. There is an immediate need 
to purify the thymus extract ard to determine 
whether the effects which have been observed 
are due to one or to more than one active 
substance. At present, work is in progress on this 
aspect. 

It is not possible to state with certainty that 
these effects are peculiar to thymus gland 
extracts but they have not been observed with 
extracts of lymph nodes and of vcluntary muscle. 
The effects described have been most readily 
obtained with foetal whale thymus gland and 
myasthenic thymus gland extrects; the effects 
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seen with calf thymus extracts have been more 
variable and we do not know whether this is due 
to quantitative or qualitative differences. Within 
certain limits of doses used in these experiments 
the action of thymus extract is transient.and the 
nerve-muscle preparation or unanaesthetised 
animal recovers spontaneously. The effect is not 
reversed by neostigmine but it 1s not known what 
chenges, if any, result from repeated administra- 
tion of the extract. 

Thymus extracts do not produce, in the test 
objects used, all the characteristic features of 
myasthenia gravis. The facts so far elicited, 
however, are not inconsistent with the view that 
the thymus gland may release or be intimately 
concerned with the release of a substance which 
affects neuromuscular transmission. 

This assumption has the merit of affording an 
explanation for the remission of symptoms, on 
the grounds of a temporary cessation or reduc- 
tion in the amount of substance released. What- 
ever the nature of its action it appears, up to a 
point, to be a reversible one, and in these cir- 
cumstances removal of the thymus effectively 
controls the condition. 

On the other hand, if the substance is released 


over a prolonged period, as in patients who have 


had the disease for many years, its action may 
then result in irreversible changes at or near the 
neuromuscular junction which are not in- 
fluenced by removal of the thymus even though 
the response to neostigmine is unaltered. 
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DISCUSSION 


Der. J. ALFRED Rer: The inhibiting effects of ex- 
tracts of thymus glands on the rat phrenic nerve- 
diaphragm preparation as reported by Professor 
Wilson are of great importance and of unusual inter- 
est to all who believe that the thymus gland may play 
an etiologic role in myasthenia gravis. There are two 
points in his study which should be re-emphasized: 
First, the degree of activity of the myasthenic gland 
in these experiments bore no direct relationship to . 
the severity of the myasthenia gravis as judged by the 
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neostigmine requirement; second, a very definite 
correlation was shown between the activity of the 
thymus glands of myasthenic patients and the bene- 
ficial results obtained following thymectomy. If this 
correlation holds up in further experiments it might 
be taken to indicate that an inhibiting substance is 
present in the thymus glands and possibly in other 
organs of the body or in the lymph nodes as well. 
Thus in cases in which sufficient amounts of the 
inhibiting substance were being concentrated or pro- 
duced in the thymus, thymectomy would be war- 
ranted. In patients in whom this condition did not 
prevail the operation would probably be of no benefit. 
The etiologic and therapeutic implications are there- 
fore important. 

The results of my own experience with thymic 
extracts and serum from patients with myasthenia 
gravis have not been as definite or as clear-cut as those 
of Professor Wilson. The first experiments were 
begun in 1949, in collaboration with Drs, Constant, 
Porter and Andronis. Tissue extracts were injected 
into the carotid artery of cats prepared as described 
by Porter and Wharton.! With this method the brain 
and cord of the cat is pithed, and the animal is 
maintained by artificial respiration. The tibialis 
anticus muscle is used to record muscular contrac- 
tions. The peroneal nerve, with its blood supply in- 
tact, is cut and drawn into a glass tube electrode; 
branches of the peroneal nerve to other muscles are 
severed. The nerve is stimulated once every three 
seconds by break shocks from a large inductorium. 
When the contractions have been regular for several 
minutes, 5 to 10 cc. of the extract to be tested are 
injected into the carotid artery. The extracts used 
were made by emulsifying the organs in a 1 to 5 
dilution of normal saline for a period of several min- 
utes and passing the emulsion through a glass-wool 
filter. The resultant filtrate was employed in all 
determinations. 

In seven experiments using extract of myasthenic 
thymus removed surgically, diminution in muscular 
contraction occurred in five instances. Results in two 
tests were doubtful. In three experiments using extract 
of myasthenic thymus removed at autopsy, muscular 
contraction was doubtful in one instance and positive 
in two. This means that there was decrease in 
muscular contraction which began in two or three 
minutes and persisted for several minutes. In four 
experiments with extracts of non-myasthenic thymus 
removed at autopsy, diminished muscular contraction 
occurred in each case. Two experiments using extracts 
of spleen removed from the same patients increased 
the height of muscular contractions in each case. In all 
but one of the experiments in which the muscular 
contractions were reduced, recovery of the contrac- 
tion height took place after several minutes. The 


! PORTER, E. L. and WHARTON, P. S. Irritability of 
mammalian nerve following ischemia. J. Neurophysiol., 
12: 109-116, 1949. 
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data from these experiments would seem to indicate 
that saline extracts of the thymus gland, whether 
derived from rcrmal subjects or from patients with 
myasthenia gravis, contain a substance capable of 
reducing neuromuscular response to a giyen stimulus. 

More recenti I performed a different group of 
experiments in an attempt to demonstrate the inhibit- 
ing effects of myasthenia gravis serum, as well as 
extracts of normal and myasthenic thymus gland, 
upon a rat nerze-muscle preparation. The technic 
used was a mod fication of that described by Ingle.? 
Young adult white rats of the Sprague-Dawley 


Strain, male anc female, adrenalectomized and non- 


adrenalectomized, were used as test animals. These 
animals were aresthetized with nembutal,® 35 mg. / 
kg. of body weight, given intraperitoneally. The 
jugular vein wes canalized for the injections. The 
sciatic nerve was stimulated supramaximally with a 
direct electrical zurrent at the rate of five per second, 
and the gastrccnemius contractions were recorded 
upon a kymograph. The serum to be tested was 
injected, undilu-ed, in amounts of 0.2 to 1 cc. The 
thymic extracts were either water or saline homog- 
enates in a dilution of 1 to 5 filtered through a glass 
filter or alcoholic extracts evaporated to dryness and 
then redissolved in water or saline so that the final 
dilution represerted a 1 to 5 concentration. 

The results of :hirty-eight such experiments were as 
follows: Four experiments using extracts of beef 
thymus and fou- experiments using extracts of pork 
thymus showec no effect upon neuromuscular 
response. In twelve experiments with extracts of 
thymus obtained from patients with myasthenia 
gravis at operation or autopsy a definite decrease in 
neuromuscular contractions occurred in four animals 
with no decreasein eight. In twelve experiments using 
myasthenia gravis serum a definite decrease in 
muscular contraction was noted in two animals, but in 
ten there was nc decrease in contraction. Extracts of 
thymus gland »emoved from newborn infants at 
autopsy were injscted into six animals; a decrease in 
muscular contraction was noted in two. Numerous 
injections with normal serum, saline and alcohol had 
no effect upon muscular contractions. 

It must be emphasized that in all of the experiments 
in which muscular contraction was diminished there 
was a decrease and not infrequently a temporary 
complete cessatien of respiration. When respiration 
was resumed there was obvious hyperpnea. Whether . 
this effect resulzed from inhibition of the muscles of 
respiration by tae injected substance in a manner 
analogous to the: inhibition produced on the gastroc- 
némius muscle, er whether this was part of an ana- 
phylactoid reaction could not be determined. If the 
latter were the case, then the results reported might be 


?INGLE, J. D. The quantitative assay of adrenal 
cortico-hormones 5y the muscle work test in the adrenal- 
ectomized nephrectomized rat. Endocrinology, 34: 191- 
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of much less significance since the observed effects 
might have been only secondary and fortuitous. 

It appears, then, that a substance is present in the 
serum and in the thymus gland of patients with 
myasthenia gravis which will decrease the muscular 
contractions in a mammalian nerve-muscle prepara- 
tion. This effect, however, cannot be consistently 
demonstrated. Obviously, experiments of this type 
are difficult to perform. First, the amount of thymus 
gland available in any one case is small. Second, the 
effect of the glandular extract upen muscular con- 
traction probably depends upon the strength or 
concentration of the inhibiting substance it contains. 
This, in turn, may or may not be related to the 
severity of the disease. It is certainly possible that 
negative results were’ obtained when a sufficient 
amount of material was not present in the thymus 
gland or when the amount of thymic extract injected 
was too small to induce the response. ‘Then, too, in our 
experiments no real attempt was made to concentrate 
the presumptive inhibiting substance. Other tissue 
extracts and various precipitations should be investi- 
gated to see if it would be possible to concentrate 
this substance. Although these investigations show 
promise, it is apparent that a great deal of additional 
work remains to be done. 


Dr. Sumner ZACK: Dr. Wilson’s pioneering work on 
thymus extracts from myasthenic thymuses is well 
known. 

We have been testing extracts prepared according 
to the acetone extraction method of Dr. Wilson (1952) 
on isolated frog sartorius muscles arranged in a 
chamber fitted with electrodes which permit direct 
and indirect stimulation. The isometric mechanogram 
was recorded with a strain gage. Acetone extracts 
prepared from thymus glands obtained from fifteen 
myasthenic patients, three spleens and two samples of 
striated muscle were tested. 

Both acetone-soluble and acetone-insoluble frac- 
tions markedly decreased the muscle tension curve in 
two to twenty minutes, When the muscles became 
inexcitable on indirect stimulation, they also were 
inexcitable on direct stimulation. The active material 
is heat-stable, dialyzable and is antagonized by CaCl, 
added to the extracts. 

Concentrations of potassium two to forty-four times 
the potassium concentration of frog Ringer’s solution 
were found in the extracts. These concentrations of 
potassium are sufficient to produce the muscle 
inhibition observed. 

More refined extraction procedures will be needed 
to find possible blocking activity in thymus extracts. 
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effect of that published in 1939 by Blalock 
and associates? describing apparent suc- 
cess in the treatment of myasthenia gravis by 
removal of a tumor from the region of the thymus 
gland. The paper was most timely and is gen- 
erally credited with introducing the era of fre- 
quent thymectomy which, after a feeble begin- 
ning in 1941, became fully established in 1942. 
The paper was timely because by 1939 neo- 
stigmine and sulfonamide therapy had been 
available for only a short time; furthermore, 
thoracic surgery only recently had attained 
relative maturity. As a consequence of these 
developments a number of well trained and 
experienced thoracic surgeons were available 
and anxious to perform thymectomy on patients 
who had myasthenia gravis, and physicians, 
particularly those who were serious students of 
myasthenia gravis, had been sufficiently im- 
pressed by the gradual accumulation of evidence 
since 1901 of a relationship between myasthenia 
gravis and the thymus gland that they were 
willing to make available to the thoracic surgeons 
certain of their patients who had this disease. 
Now, more than thirteen years after the era of 
frequent thymectomy began, the investigators 
who have attempted to determine the value of 
thymectomy do not present a united front with 
regard to its advisability in the treatment of 
myasthenia gravis. Naturally this failure to 
agree creates confusion among those who look to 
these investigators for guidance. The consensus 
of those students of myasthenia gravis in the 
United States who have not participated directly 
in the study of large series of patients undergoing 
thymectomy apparently was reflected by Wester- 
berg,? who stated in effect that thymectomy 
evidently is not of great value or it would not 
be so difficult to determine whether or not it is 
helpful. 
We believe that recently available data allow 


Ps medical papers have had the catalytic 


some clarificat on of the confusion regarding the 
value of thymectomy and allow for the conclu- 
sion that the operation is of value, at least for 
certain patiencs who have myasthenia gravis. 
Consequently we propose to review critically 
the more significant reports of recent years 
against the background of earlier contributions, 
compare them with newly prepared data from a 
study of our cases and prepare conclusions that 
wil be of practical value in the selection of 
patients for thymectomy. 

The first prcblem facing those who attempt to 
assess the vale of thymectomy is to determine 
whether or rot this surgical procedure in- 
fluences benefcially the course of myasthenia 
gravis. The problem would be simple except for 
two factors. Fost, it was apparent early in the 
studies that rot all patients undergoing thy- 
mectomy were improved as a result of operation. 
Second, it was well known that the course of 
myasthenia gravis could not be predicted 
precisely, since recovery or great improvement 
not infrequently occurred spontaneously. Thus 
improvement .n any one patient after surgery 
could not be accepted as a result of thymectomy 
since the possitlity of spontaneous improvement 
always existed. Naturally, if study of a rela- 
tively large number of thymectomized patients 
demonstrated -hat the course in this group dif- 
fered sufficien-ly from the “usual course" of 
myasthenia gravis, a reliable decision as to the 
value of thymectomy could be attained. How- 
ever, when we planned our study in 1941, ata 
time when the results only could be guessed at, 
this course apoeared to us too hazardous, par- 
ticularly when the “usual course" of myasthenia 
gravis was not <nown precisely. Of more promise 
in attaining a reliable result in which we and 
others might have confidence was the technic 
of using controls, whereby the course of a large 
number of patients with myasthenia gravis 
undergoing thymectomy could be compared 
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with the course of a large group of such patients 
receiving only non-surgical treatment. We 
decided in favor of a controlled study, in spite 
of the great increase in labor and complexity 
entailed by the use of controls. 

At about the same time studies to evaluate 
thymectomy were begun in a number of institu- 
tions in the United States having access to many 
myasthenic patients. In some centers, such as the 
New York Neurologic Institute? and the Uni- 
versity of Michigan,? thymectomy was dis- 
continued after a small series of operations had 
been performed because it did not appear to 
attain the desired result. However, further 
studies were done at Johns Hopkins University, 
the Massachusetts General Hospital and the 
Mayo Clinic. It is on reports of the relatively 
large series of cases from these institutions, 
particularly the ones in which controls were used, 
with comparison of the course in surgical cases 
with that in non-surgical cases, that we must 
lean most heavily for evaluation. For the most 
part, reports of single cases or of a small series 
of cases are of little help in view of the tendency 
to report favorable results and to refrain from 
reporting unfavorable ones. Consequently such 
reports have not been taken into consideration. 


SUMMARY OF REPORTS EVALUATING THYMECTOMY 


Keynes Series. Keynes, a London surgeon, 
began early in 1942 to perform thymectomy on 
all myasthenic patients referred to him by physi- 
cians for that purpose unless he found some 
specific contraindication to surgical interven- 
tion. By 1954 he had amassed the largest series of 
thymectomies in the world. Under these circum- 
stances no opportunity arose to develop a control 
series against which to compare the surgical 
results. 

In a Hunterian Lecture given in 1945, Keynes? 
reported that he had operated on fifty-one pa- 
tients for removal of the thymus gland and had 
assessed the results in thirty-three of the patients; 
he concluded that twenty of the thirty-three 
patients were greatly improved. By 1949, 
Keynes? had performed 155 thymectomies and 
had assessed the results in 120 patients sub- 
jected to removal of non-neoplastic thymus 
glands. The breakup into groups is as follows: 
(1) well, thirty-nine patients (32.5 per cent); 
(2) greatly improved, forty patients (33.3 per 
cent); (2) somewhat improved, thirty-one pa- 
tients (25.8 per cent), and (4) no better, ten 
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patients (8.3 per cent). Thus 65.8 per cent of 
these patients became well or greatly improved. 
Keynes reported the average age of group 1 as 
28.3 years, of group 2 as 28.4 years and of group 
3 as 32.1 years; he stated, “The influence of age 
on results is less important than at first appeared 
probable." 

The average duration of myasthenia gravis at 
the time of surgery was two plus years for group 
1, five plus years for group 2 and seven plus years 
for group 3. The average age of the patients in 
whom the results were classed as failures was 
nearly forty years, and the duration of disease 


_tended to be long in these patients. Conse- 


quently, Keynes concluded, “It seems clear that 
a long history is prejudicial to recovery after 
operation." mE 

Ross® in 1952 made an independent assess- 
ment of the results of removal of non-neoplastic 
thymus glands in one hundred myasthenic 
patients who had survived surgery by Keynes. 
The results were as follows: (1) quite well, forty- 
one; (2) greatly improved, twenty-six; (3) 
somewhat improved, twenty; (4) unimproved, 
six, and (4) dead, seven. 

It is well to point out that Keynes uses the 
designation “quite well’? as descriptive of pa- 
tients who are quite well and require no neo- 
stigmine. They may be in complete remission or 
they may manifest minor evidences of myas- 
thenia gravis, such as ptosis or diplopia or both. 
Consequently this group cannot be compared 
with our group in which results are designated 
"plus four, complete remission." If a minor ` 
degree of myasthenia gravis persists, we clas- 
sify the results as “‘plus three, considerably 
improved.” 

By 1954,7 when Keynes’ series of surgically 
treated patients had reached *more than 200 
patients without thymomas," his conviction 
regarding the value of thymectomy had not 
lessened and he stated in one of his conclusions 
that, “A large proportion of myasthenic pa- 
tients are permanently and often completely 
relieved of their symptoms following thymec- 
tomy." Keynes has been supported by Sellors? 
of England and Dunlop? of Scotland who 
analyzed results after thirty-seven and nineteen 
thymectomies, respectively, and concluded that 
the operation was effective. 

Johns Hopkins University Series. American 
workers have been cautious in attributing value 
to thymectomy and only in 1950 or thereafter 
did the: investigators in this country publish 
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material indicating that they took a firm stand in 
favor of thymectomy. 

Blalock and his associates! in the afore- 
mentioned paper that precipitated the era of 
frequent thymectomy, said, “In concluding, we 
wish to emphasize again the absence of con- 


795 
tumor had been removed from the thymic 
region, had been excluded from the series, since 
complete thyraectomy had not been attempted. 
Two of the oatients were well and six were 
greatly impraved. Harvey concluded that sufh- 
cient data were not yet available to allow final 


TABLE I 
MYASTHENIA GRAVIS 
JOHNS HOPKINS UNIVERSITY SERIE“! 


Average Results (%) 
Sex ‘Treatment Patients Duration 
l of Disease 
(years) In Remission | Improved | Unchanged | Worse Dead 
None 41 7.2 17 12 12 15 44 
Male Thymectomy 19 Ts2 22 16 2] 0 42 
Irradiation 19 7.2 0 42 26 10 21 
None 77 "9.0 14 22 22 12 30 
Female Thymectomy 25 Da 12 26 24 0 28 
Irradiation 21 6.8 5 28 19 19 19 


clusive proof that the improvement noted in our 
patient is due to removal of the tumor from the 
thymic region." The second report of the Johns 
Hopkins University series was by the Blalock 
group? in 1941; it was concerned with six 
patients who. underwent thymectomy, none of 
whom had a thymoma. Their early experience 
was summarized as follows: “The early results 
are encouraging and suggest strongly that the 
thymus gland is concerned in some manner in 
the genesis of myasthenia gravis." 

In 1944, when Blalock!! last wrote on his 
experience at Johns Hopkins University, he 
reported on twenty surgically treated patients, 
two of whom had thymomas. Of seventeen 
patients surviving surgery, one died later, three 
were little if at all improved, five were moder- 
ately improved, five were considerably improved 
and three were essentially well. Blalock's con- 
clusions remained fundamentally conservative, 
although he said, “The early and sustained 
improvement which has been shown by some 
of the patients makes it difficult to escape the 
conclusion that thymectomy was at least partly 
instrumental in causing the alteration." 

'The next report of the Johns Hopkins Univer- 
sity series was by Harvey,!? in 1948. By that 
time thirty-two myasthenic patients had under- 
gone thymectomy since 1941. Evidently the 
first case (1936) already mentioned, in which a 
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evaluation cf the effect of thymectomy on the 
course of myzsthenia gravis. 

The last re2ort of the Johns Hopkins Univer- 
sity series was made by Grob!? in 1953, at 
which time he presented the results in 202 pa- 
tients with <nyasthenia gravis, forty-four of 
whom had bzen subjected to thymectomy and 
forty of whom had been treated by irradiation of 
the thymus. Ihe results in this series are pre- 
sented in Table 1. Grob’s conservative con- 
clusions are expressed in the following quotation: 
‘The course cf the patients who had thymectomy 
performed has been, in general, only slightly 
better than zhe course of those who had neither 
thymectomy nor irradiation. . . . A slightly 
higher proportion, particularly of the female 
patients, have improved, and fewer patients 
have become worse since thymectomy, but the 
difference is disappointingly small." 

Massachusz.ts General Hospital Series. ‘This 
series was first reported by Viets!* in 1945 at 
which time i: was composed of fifteen patients, 
four of whom had thymomas. Viets expressed 
his point of -ew as follows: “At the present time 
we are in the experimental stage." 

Schwab!* -n 1949 expressed the opinion that 
thymectomized patients in the Massachusetts 
General Hosoital series were progressing more 
favorably than would have been anticipated 
without thymectomy. 
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By 1950 Viets!? had become convinced of the 
value of thymectomy in the treatment of 
myasthenia gravis. At that time his series 
numbered thirty-six patients and included seven 
instances of thymoma. The results in the twenty- 
nine patients who did not have tumors were 
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was found that twenty-four of thirty-nine pa- 
tients (62 per cent) who survived simple 
thymectomy were greatly improved, while the 
remission rate in fifty patients selected as con- 
trols was only 18 per cent. Unfortunately 
details regarding the selection of controls were 


. TABLE n 
MYASTHENIA GRAVIS 
MASSACHUSETTS GENERAL HOSPITAL SERIES!? 





Female Male 
Results Thymectomy Control Thymectomy Control 
Patients | Per cent | Patients | Per cent | Patients | Per cent | Patients | Per cent 
Complete remission............ 11 7 2 4 
Considerably improved........ 22 | 02 11 | dt 4 | zi 10 | is 
Tinproved. eren iene Y rA 4 13 5 4 
No essential change or worse... 8 | A3 7 | 2B 6 | a 2 | 9 
Ded ous bond nee HRS 8 15 15 28 8 32 5 20 
Totalnie ode Eo due oM Dl: 53 100 55 100 25 100 25 100 


summarized as follows: excellent, three; good 
to excellent, two; good, five; fair to good, two; 
fair, two; poor to fair, two; poor, two; dead, 
four, and too scon to estimate, seven. Viets did 
not present any data regarding specific controls 
and we interpreted his attitude as expressed 
in the main portion of his paper as being con- 
servative in spite of his statement that “the 
results of thymectomy in the last nine years 
justify the continuation of the operation in 
patients with myasthenia gravis." However, an 
addendum to this report stated, “Since this 
paper was prepared, the report of Keynes 
(1949) on his large experience with thymectomy 
in myasthenia gravis has been published. Al- 
though he has approached the subject from a 
slightly different direction, our essential con- 
clusions are identical. Both papers point out the 
value of thymectomy as a form of treatment for 
the disease." 

Schwab and Passouant!! in 1952 reported the 
results in forty-three patients who had removal 
of non-neoplastic thymus glands, excluding 
from analysis the seven thymomas in their 
series of fifty patients. Their results were as fol- 
lows: completely cured, six; much improved, 
eighteen; little improved, ten; unimproved, 
five, and dead (operative deaths), four. Thus it 


not given in this report. Further analysis of their 
data indicated that the best results were ob- 
tained in young female patients. 

Schwab and Leland!? in 1953 gave the last 
report of the Massachusetts General Hospital 
series; their data, which we consider of great 
importance, are summarized in Table m. 
Their study employed control patients who were 
matched with the thymectomized patients as to 
sex, age of onset, severity of disease and presence 
or absence of thymoma. The authors arrived at 
three important conclusions: (1) “The patients 

. . who had thymomas . . . derived no evi- 
dent improvement in their myasthenia from the 
operation.” (2) “Males received no evident 
benefit from the operation. Thymectomy ap- 
pears to be contraindicated in males in whom 
the onset of the disease was after 30." (3) “In 
females without thymomas, thymectomy appears 
definitely indicated." 

Mayo Clinic Series. Our studies began in 1941 
and the first patient of our series to have a 
thymectomy underwent surgery on December 
20, 1941. A general survey of the series as it 
existed in November, 1954, is presented in 
Table xz. Not all myasthenic patients studied at 
the clinic between November, 1941, and Novem- 
ber, 1954, are included. The series has been 
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limited to unquestionable cases of myasthenia 
gravis that were studied by one of us (Eaton) 
except for a few surgical cases in which thy- 
mectomy was done by one of us (Clagett). 

The first four papers concerning thymectomy 
in our series were published from August, 1943, 


TABLE m 
MYASTHENIA GRAVIS 
COMPOSITION OF MAYO CLINIC SERIES 
(472 PATIENTS FROM NOVEMBER, 1941, TO NOVEMBER, 











1954) 
"Total 
Categories Female 
Patients | Per cent 

Surgical. responsi tas 72 26* 

Thymoma...- nes 28 51 421 

No thymoma......... 44 70 
Non-surgical........... 186 74* 

Tohymorm&. s 25 ee kek 14 26 7i 

No thymoma.,....... 172 325 
Patients (total). ........ 258 
Thymomas (total)...... 42 . 16* 
Thymomas (percent)... 16 | 16 | ....... 





* Per cent of 472 patients. 
1 Per cent of 121 surgical patients. 
f Per cent of 351 non-surgical patients. 


to May, 1949.7??? Recognizing the pitfalls of 
drawing conclusions from too few cases studied 
for too brief a period, we refrained in these 
earliest reports from making any judgment with 
regard to the value of thymectomy. However, by 
1949 it was considered that the studies had 
progressed to a point justifying conclusions. 
At the meeting of the American Neurological 
Association in June, 1949, we expressed our 
conclusions, which were published in 1950,7374 
that controlled studies failed to support the 
opinion that thymectomy was of value in the 
treatment of myasthenia gravis. At that time 
adequate follow-up data were available on 
seventy-two of our seventy-five surgical patients 
and the results were compared with 142 control 
patients. The results among patients under- 
going surgery were somewhat better than were 
those for the entire group of non-surgical pa- 
tients, as 1s shown in Table rv. 

However, in this study it became apparent at 
once that the patients selected for surgical 
treatment differed significantly from the re- 
maining non-surgical patients. Furthermore it 
was apparent that some of the differences might 
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well influence the statistical studies in favor of 
the surgically treated patients. For example, 
patients whc were old or were extremely ill 
with myasthenia gravis or complicating diseases 
were excluded from the group to be treated 
surgically anc relegated to the control group. 
Consequently it became obvious that control 
patients must be selected so that they and the 
patients undergoing surgery would be similar 
with regard tc age and sex, duration and severity 
of myastheniz gravis, and duration of follow-up. 
When suca selection was done, the best case 
that we couh make for thymectomy at that 
time was that a truly gratifying result of surgery 
(complete remission or considerable improve- 
ment) was cbtained in 35.5 per cent of the 
patients surxiving thymectomy as against a 
28.5 per cen- chance that a comparable result 
would occur without surgery. (Table rv.) This 
difference of only 7 percentage points did not 
appear sigrificant. We were sufficiently dis- 
couraged wita the results of thymectomy at that 
time that we temporarily ceased to offer it to 
patients except when thymomas were present. 
Later that year in September, 1949, Keynes’ 
second repo-t® appeared and endorsed thy- 
mectomy more enthusiastically than had his 
first report (1946). In January, 1950, appeared 
the aforementioned report of Viets!® that sup- 
ported Keyres in concluding that thymectomy 
was of great ~alue in the treatment of myasthenia 
gravis. Finally, as already indicated, Ross,® 
after his independent study of Keynes’ cases, 
joined him m 1952 in attesting to the value of 
thymectomy. Needless to say, we were dis- 
turbed by the differences between our results 
and conclusrons and those of the other workers. 
Consequeatly we and Bastron made another 
evaluation of our series and reported our 
observatiors at the meeting of the Association for 
Research ir Nervous and Mental Disease in 
December, 1952; they were published in the 
proceedings of that association almost a year 
later.?* In tais study of 1952 every possible fac- 
tor that might influence results, such as age, sex, 
duration ard severity of disease and duration of 
follow-up, was taken into account so as to 
procure as comparable a group of control pa- 
tients as possible. Furthermore we realize that in 
our 1949 study the group of surgically treated 
patients was heavily loaded with those who had 
thymomas. We decided to eliminate them from 
the study. The gist of the 1952 study is presented 
in Table v, in which the results in forty-four 
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patients surviving removal of non-neoplastic 
thymus glands are compared w:th the results in 
forty-eight control patients. These findings 
indicated that the Mayc Clinic series did provide 
evidence for support of the value of thymectomy. 
By exclusion of the patients whc had thymomas 
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thymectomized patients became worse or died, 
whereas 29.2 per cent of the control patients were 
in these categories. 

In order to compare our data with those of 
Schwab and Leland (Table rr) with regard to the 
influence of sex on the prognosis after thy- 


TABLE IV 
MYASTHENIA GRAVIS 
RESULTS IN SEVENTY-TWO SURGICAL AND 142 CONTROL PATIENTS 
(MAYO CLINIC SERIES, 1949)?9.24 


Results 


+4 Complete remissione, oro goza RWEREVATEESS 
+3 Considerable improvement...............0000 ese. 
+2 Moderate improvement. oleo lv Ae des 
at. NO CSSÉBEALCBBHSE S Loos o ed vds eh ede Gam aoe 
ORE. (oc RR CIE boeas out E as 


Patients (90) 





Unselected Selected. 
Surgical | Control Surgical Control 
(72) (142) (62) (56) 
sies 6.9 "A 8.1 8.9 
MEN 22.2 9.9 aps a ee 
— 20.8 10.6 24.2 14.3 
verbs 27.1 43.0 29.0 "39.3 
— 2.8 6.3 3.2 12.5 
—— 19.4* 22.5 8.1 5.4 


* Six of the deaths (representing 8.2 per cent of the surgical patients) were the result of surgical treatment. 


TABLE V 
l MYASTHENIA GRAVIS WITHOUT TUMOR 
COMPARISON OF RESULTS IN SURGICAL AND NON-SURGICAL PATIENTS SIMILAR AS TO AGE, SEX, SEVERITY AND 


DURATION 


OF DISEASE 


(MAYO CLINIC SERIES, 1952) 





Results * 


+4 Complete remission. .......... llle eee eene 
+3 Considerable improvement. .............lilleusu. 
+2 Moderate improvement. «es dese x wy Va vp REP EE 
+ NoecssutabchanBe. 6s b RrXENEEPDOUPPUOE E EAS 
es MV OFSO o civ aceon ta aa oer ap E dd aded s Crece Lead 


* eae 


Surgical Non-surgical 
Patients Per cent Patients Per cent 

8 18.2 5 10.4 
eed T4 IHE: 9 9 ena 1 
— 9 20.5 y; 14.6 

9 20.5 13 27.1 

2 4.5 T 14.6 

2 Ne ins 7 ae 2 
x 44 100.0 48 100.0 


* Minimal follow-up study was thre2 and two-thirds years. 


it was found that removal of the non-neoplastic 
thymus gland resulted in a rate of remission of 
50 per cent in contrast to a 29.1 per cent rate of 
remission among patients in the control group. 
It was also found that orly 9 per cent of the 


mectomy, we present in Table vi information 
regarding forty-seven of our forty-eight patients 
who had non-neoplastic thymus glands removed 
surgically and on whom follow-up data are 
available from our 1952 study. One patient in 
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whom accidental death occurred has been 
excluded. For comparison data are presented 
regarding fifty-four female and ‘twenty-three 
male controls without thymomas who were 
comparable to the surgically treated patients in 
age, severity and duration of myasthenia gravis 
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good results in male patients. Fifty-three per 
cent of fema.e patients from whom a non- 
neoplastic thymus gland was removed obtained 
complete remission or considerable improve- 
ment, whereas only 20 per cent of control female 
patients attained comparable status without 


TABLE VI 
MYASTHENIA GRAVIS WITHOUT TUMOR 
COMPARISON BY SEXES OF RESULTS IN SURGICAL AND NON-SURGICAL PATIENTS | 
(MAYO CLINIC SERIES) | 





Female 


Results Surgical 


Patients 


———————€ | —À——— | rÓ— HÁ—ÀÓ € —ÀÀ— 


Per cent | Patients 


Male 


Non-surgical Surgical Non-surgical 


Per cent Per cent 





Fatients | Per cent | Patients 


————— | ——Á———H—ÀMá—— | a QM M— 


+4 Complete remission........ 5 3 3 3 
+3 Considerable improvement.. 11 | 53 8 b20 3 ps 4 |o 
+2 Moderate improvement.... 6 8 3 4 
+ No essential change........ 4 17 5 8 
sv “WONG: a d rx een we eS 1 14 1 2 
—4 Died (surgical death)...... 1 | 13 T las 2 18 s | 17 
—4 Died of myasthenia gravis. . 2 4 2 
WO ——— C TETE 30 54 17 23 
TABLE Vit 


MYASTHENIA GRAVIS WITHOUT TUMOR 
COMPARISON BY AGES OF RESULTS IN THIRTY THYMECTOMIZED FEMALE PATIENTS AND FIFTY-FOUR FEMALE 


CONTROL 


PATIENTS 


(MAYO CLINIC SERIES) 





Results 


+4 Complete remission or 
+3 considerable improvemment.... 2.2.0... 0c ee eee 
Worse or 

—4 died of myasthenia gravis 


— 


e = * B à a à P» $ 4 B oe 9» ? Rh €" 9$ À hà 9» * v 


Patients (95) 





Less Than 32 Years 30 to 49 Years 


Controls | Thymectomy| Controls 
(8 patients) | (22 patients) 


Thymectomy 
(22 patients) | (22 patients) 


meee. | MM MM — — M Q— | enÓ  nÜÓÀ—A Án 8a niet! 


ta itm | m ————MMr e Qm | $$ Ó——ÀnenÀ aria Pa iiti. | ii M 





* Includes one surgical death. 


and duration of follow-up. Our data are re- 
markably similar to those of Schwab and Leland 
in that they indicate good results for female 
patients but fail statistically to demonstrate 
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surgery. Furtaermore only 13 per cent of the 
female patien-s treated surgically became worse 
or died, whereas 33 per cent of the control 
female patien-s were in those categories. 
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In Table vu are presented cata designed to 
determine whether or not older female patients, 
namely those from thirty to forty-nine years of 
age, do as well as younger ones, namely those 
less than thirty years of age. Et would appear 
that the results in older womer. are not signifi- 
cantly different from those in younger female 
patients. Admittedly the small number of 
thymectomized women more than thirty years of 
age, namely eight in our series, prevents us from 
drawing definite conclusions wi-h regard to this 
point but the data may be of vzlue in reflecting 
trends. 

It is not surprising that the sex of the patient 
should turn out to be a highle important de- 
terminant in prognosis afte> thymectomy. 
Pregnancy often appears to change the course of 
myasthenia gravis for better or worse, and it is 
the rule that aggravation of scmptoms occurs 
during the days preceding menstruation. In all 
three of the aforementioned -arge American 
series females predominated among the younger 
group of patients and males amcmg the older. In 
our series the patients who first noted symptoms 
of myasthenia gravis after the age of forty years 
were almost as numerous as thcse in whom the 
onset was before the age of forty. Females pre- 
dominated 2:1 among the younger group and 
males predominated in roughly the same ratio in 
the older group. 

Further discussion of thymectomy in the 
absence of thymoma will be resumed after 
consideration of patients in whom thymomas 
were present. 


THYMOMA 


In planning our study in 1941 for evaluation of 
thymectomy we decided to concentrate on 
patients in whom thymomas weze present. This 
decision was influenced by the fact that the 
report of Blalock and associates! in 1939 and 
that of Campbell and co-workerz,?* presented at 
the meeting of the American Neurological 
Association in June, 1941, dealt with the favor- 
able results achieved in two of three patients 
from whom thymomas were removed surgically. 
Furthermore at that time it was not illogical to 
presume that the removal of a large amount of 
thymic tissue would prove to be more effective 
than would removal of a small amount. 

The first problem was one of roentgenologic 
detection of thymomas. We were unaware of any 
instance in which a roentgenolozic diagnosis of 
thymic tumor had been made at the clinic prior 
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to 1941. This was surprising in view of the fact 
that several hundred myasthenic patients had 
been examined roentgenologically. As a rule 
only stereoscopic films in the postero-anterior 
projection had been made. Abnormal shadows 
occasionally had been detected in the anterior 
mediastinum in patients who had myasthenia 
gravis but the roentgenologists had interpreted 
them as representing tumors other than those of 
thymic origin. This experience apparently 
agreed with that of other investigators. Viets 
and Schwab?" in 1939 reported fifty cases of 
myasthenia gravis and stated, “We have been 
unable to associate myasthenia gravis with 
enlargement of the thymus gland. All roentgen 
ray studies were negative for enlargement of the 
gland.” Viets in discussing the paper by Camp- 
bell and associates? 2 years later reported 
roentgenologic evidence of thymic tumor in only 
one of eighty-five cases. 

Good?* was challenged by the discrepancy 
between the frequency with which tumors of the 
thymus gland had been observed at necropsy 
and the infrequency with which they were found 
clinically. Consequently he undertook personal 
study of each of our myasthenic patients. In the 
first 206 consecutive patients studied a diagnosis 
of thymic tumor was made by roentgenologic 
methods in thirty-three, an incidence of 16 per 
cent. At last count the series had increased to 
472 patients and the incidence of roentgenologic 
detection of thymomas had remained essen- 
tially the same. The incidence is equal in male 
and in female patients. The roentgenologic 
technic used at the clinic consists simply of use of 
stereoscopic films made in the postero-anterior 
projection followed by roentgenoscopy and 
usually by the exposure of films at the time of 
the latter examination, with the patient in the 
lateral or oblique projection. The accuracy 
of the roentgenologic diagnosis has been checked 
in 121 surgically treated patients and at necropsy 
in an additional twelve; it has been corroborated 
in all but two of these 133 patients. Conse- 
quently it is considered that the figure of 16 per 
cent is accurate to within at least a very few 
percentage points. 

Grob?? in the latest report of the Johns Hop- 
kins University series stated that twelve of 202 
patients had thymomas. In ten of these the 
course was rapidly fulminating and terminated 
in death regardless of whether or not thymec- 
tomy was performed. Among the forty-four 
surgically treated patients in Grob’s series, 
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nine had thymomas; three of these nine died as a 
result of surgery and the remaining six died 
later of myasthenia gravis. Four patients of the 
non-surgical group who were found at necropsy 
to have thymomas had experienced rapidly 
progressive myasthenia gravis. Two other 
patients displaying roentgenologic evidence of 
thymoma have experienced a relatively benign 
course of many years’ duration. 

In the Massachusetts General Hospital series!? 
seventeen thymomas had been encountered in 
seventy-eight surgically treated patients, an 
incidence of 22 per cent. Among the fifty-three 
surgically treated female patients, nine had 
thymomas; among the twenty-five surgically 
treated male patients, eight had thymomas. 

Keynes! in 1946 reported that among his 
fifty-one surgically treated patients six had 
thymomas, one of which was malignant; 
two of these six patients died as a result of 
surgery and the others died subsequently of 
myasthenia gravis. Based on a study of these 
six patients, he stated, “Our experience sug- 
gests that when they [thymomas] occur the 
prognosis becomes very bad indeed." 

In his 1949 report Keynes? eliminated pa- 
tients who had thymomas from the assessment 
of results since “the course of the disease and the 
effect of operation in these patients [those who 
had thymomas] have been so different from the 
others. . . . " He went on to say, “The presence 
of a tumor implied a very much worse prognosis. 
Patients with tumors usually have a short 
history and severe symptoms which respond 
slowly and imperfectly to neostigmine.” 

In 1954 Keynes’ stated that he had studied 
forty-one patients who had thymic tumors and 
that all those who had been treated surgically 
during the earliest part of the study had died. Of 
twenty-six patients who had been treated initially 
with roentgen rays, twenty had had the tumors 
removed subsequently with the following re- 
sults: quite well and symptomless, four; con- 
siderably improved, eight; initial improvement, 
then relapse, three; no better, one, and died, 
four. Apparently on the basis of the results ob- 
tained in these twenty patients in contrast to the 
deaths occurring in all of the first fifteen patients 
subjected to surgery and who had not had 
preliminary radiation of the thymus, Keynes 
concluded, “The necessity for avoiding primary 
operation for tumors underlines the importance 
of carrying out a careful radiographic examina- 
tion of every patient... . ” © 
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Data regarding fifty-five of our seventy-seven 
patients with thymomas on whom follow-up 
studies are available from our 1952 study are 
presented in T'zble vir. For comparison Table 1x 
presents a summary of results in all 312 patients 
comprising the 1952 study. The relatively poor 
prognosis for patients who have thymomas is 
reflected in these two tables. It is noted that 60 
per cent of the patients who had thymomas 
(Table vix) became worse or died, whereas 
only 39 per cent of the entire unselected group 
(Table rx) were in this category. If attention is 
paid only to tne percentage of deaths, the fact 
that patients w:th thymomas fare less well is more 
obvious, since 58 per cent of them died as 
compared to dzaths in 30 per cent of the entire 
group. 

The percen-age of good remissions among 
patients who Fad thymic tumors was eighteen; 
this is not significantly different from the 21 per 
cent good resu.ts for all patients comprising the 
study but it is in sharp contrast to the 50 per 
cent good results obtained in all patients without 
thymomas surviving thymectomy or the 53 per 
cent good results obtained in female patients 
who underwent surgical removal of non- 
neoplastic thyraus glands. The higher death rate 
in the non-svrgical patients with tumors is 
largely a reflection of the greater severity of 
myasthenic symptoms in this group. Most 
of the patients in this group were too ill to be 
considered for thymectomy and received roent- 
gen therapy instead. 

Although 2€ per cent of the female patients 
who had tumors and who were treated sur- 
gically experienced satisfactory remissions, the 
groups were cf such small size that this figure 
is not significantly different from the normal 
remission rate for female patients (20 per cent) 
and cannot 2e construed to indicate that 
thymectomy is of value in the treatment of 
thymoma. However, the fact that five of thirteen 
female patiencs with thymomas who survived 
thymectomy, an incidence of 39 per cent, at- 
tained desirable remissions may reflect a favor- 
able trend. Actually, fourteen female patients 
survived surgery but one died of causes other 
than myasthenia gravis and consequently was 
eliminated frcm the study. A remission rate of 
39 per cent, which is almost twice tbat in the 
female control group without tumors, cannot be 
interpreted zs demonstrating that surgical 
removal of ttymomas from female patients is 
definitely contraindicated. We believe that 
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more patients must be studied before definite 
conclusions are drawn regarding the value of 
removal of thymomas from female patients. 
some light is thrown on the question of 
malignancy of thymomas by study of this group 
of patients. The thymomas were considered 
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considered to have been completely removed by 
resection of the invaded tissue. In three other 
patients the tumors were found to be adherent’ 
to but not definitely invasive of surrounding 
structures. Thus in this group of forty-one pa- 
tients the tumors were locally invasive in fifteen 


TABLE viu 
MYASTHENIA GRAVIS WITH THYMOMA 
COMPARISON OF RESULTS IN FIFTY-FIVE SURGICAL AND NON-SURGICAL PATIENTS 
(MAYO CLINIC SERIES, 1952) 


Female Male 
Total 
Results Surgical Non-surgical Surgical Non-surgical 
i Per f Per i er ; Per : Per 
Patients cent Patients cone Patients cent Patients | cent | Patients pent 
+4 Complete remission. ....... 3 16 27 0 10 2 10 15 T oe 5 18 
+3 Considerable improvement.. 2 11 : 1 410 1 5 1 17 5 
+2 Moderate improvement..... 3 16 Xm. auaa 2 10 25 5 "E 
+ No essential change. ....... 1* 5 1 J10 5t 125 7 
= WOE cado UD Ut cn dt 0 0 1 5 1 
Died (surgical death)........... 5 | 52 0 L is ee 5 
Died of myasthenia gravis....... 5 26 8 {80 81 |40)50 5 83 26 60 


Died of invasion of great vessels 





* Died of cerebral disease (demyelinizing); myasthenia gravis in remission at time of thymectomy; no relapse at 


time of death. 


Note: The tumors in eight of these fourteen patients (1 = one of the five; 1 = six of the eight; § = one of one) 
could not be removed. Patients surviving surgery received roentgen therapy. 


inoperable in six of forty-one patients in whom 
the data have been analyzed; only biopsy was 
feasible because the tumor had invaded sur- 
rounding structures, including at times the 
pleura, lung, pericardium and great vessels at 
the base of the heart. The tumor in another 
patient was removed except for a nubbin of 
tissue adjacent to a major vessel. Subsequently 
the patient received roentgen therapy and died 
of myasthenia gravis; at necropsy, the tumor was 
found to have recurred. Another patient. in 
whom the thymoma had been incompletely 
removed improved as far as the myasthenia 
gravis wes concerned only to die as a result of 
recurrence of the tumor with obstruction of 
venous return to the heart. In seven patients 
the tumors, although they invaded the pleura, 
lung, pericardium or innominate vein, were 


patients and could not be completely removed in 
eight. 
RISK OF THYMECTOMY IN MYASTHENIA GRAVIS 


In deciding whether or not a patient who 
has myasthenia gravis is to undergo thymectomy 
the physician must weigh the risk to the patient 
of surgery against the chances of benefit from 
surgical intervention. In our series eight of 121 
surgically treated patients died within three days 
of operation. Other deaths after thymectomy in 
this series have occurred at varying intervals but 
none sooner than several months postopera- 
tively; consequently, they cannot be considered 
to have resulted from the operation. ‘The over-all 
operative mortality rate has been 6.6 per cent. 

As might be anticipated the mortality rate has 
been greater in patients who. have thymomas, in 
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whom the average age is greater and the opera- 
tion more difficult and prolonged. There have 
been five operative deaths in the fifty-one myas- 
thenic patients undergoing surgical treatment 
for thymoma, a surgical mortality rate of 9.8 
per cent. 


The operative mortality rate in the Johns 
Hopkins University series was reported by 
Harvey?? as three deaths in thirty-two patients; 
these three deaths occurred among the seven 
patients whc had tumors. According to Schwab 
and Leland" the operative mortality rates in the 


TABLE IX 
MYASTHENIA GRAVIS 
FOLLOW-UP RESULIS IN 212 PATIENTS 
(MAYO CLINIC SERIES, 1952) 


Non-surgical 


Surgical 
Total 
‘Tumor No Tumor Tumor No Tumor 
Results 
Patients Per Patients Per Patients Per Patients Per Patients Per 
cent cent Zent cent cent 

+4 Complete remission. ....... 5 13 8 17 13 6 26 21 
+3 Considerable improvement.. 3 8 14 29 2 13 21 10 40 | 37 
+2 Moderate improvement..... 5 13 9 19 34 16 48 
+ No essential change........ 5 13 9 19 1 6 62 30 TH 
me. “WORSE: I S RICE 1 2 2 4 23 11 26 39 
—4 Dead*. oo. ccc c cee eevee 20 51 6 12 13 81 56 27 95 
JT'OtAL oc omatus ete nia foie 39 100 48 100 16 700 209 100 312 


* Analysis of deaths: (1) Eight deaths occurred as a result of surgery; five of these patients had tumors and three did 
not. (2) Of the patients who died later of myasthenia gravis, thirteen surgical patients had tumors and two surgical 
patients did not; thirteen non-surgical patients had tumors and thirty-four noa-surgical patients did not. (3) Other 
causes of death were noted in two surgical patients who had tumors, one surgical patient who had no tumor and twelve 
non-surgical patients who had no tumors. (4) The cause of death was unknown in ten non-surgical patients, none of 


whom had tumors. 


Of the seventy myasthenic patients treated 
surgically for removal of a non-neoplastic thymus 
gland, three have died as a result of surgery, a 
surgical mortality rate of 4.3 per cent. These 
three operative deaths occurred among the first 
thirty-two patients operated upon for removal 
of non-neoplastic thymus glands; since Novem- 
ber, 1946, no deaths have been attributable to 
surgical treatment in the non-neoplastic group, 
although thirty-eight such patients have under- 
gone thymectomy during this period. Prior to 
1952 only patients who had myasthenia gravis 
of moderate severity were selected for surgical 
treatment, whereas since 1952, when we became 
convinced of the value of thymectomy, the 
condition of not a few of the patients has been 
such as to make the risk of operation very high 
but the risk was accepted on the basis that 
thymectomy might prove to be lifesaving. 
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Massachusetts General Hospital series were 


7.5 per cent in fifty-three female patients and 24 
per cent in twenty-five male patients. Both 
groups contained patients with and without 
tumors. Keynes! in 1946 reported eight opera- 
tive deaths during his first fifty-one operations, 
two of which were among the six patients who 
had tumors. In 1949 Keynes? stated that ten 
operative deaths had occurred in 137 thymec- 
tomies in the absence of thymomas; five had 
occurred in the first eighteen operations and the 
remaining five in the next 119 operations. A 
higher mortality rate early in their experience 
has been the uriversal experience of all who 
have reported large series. 

No useful purpose is served by comparison of 
the mortality rates in the various series, since 
details regarding the seriousness of myasthenia 
gravis in specific instances are lacking. Although 
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age, the general condition of the patient, the 
presence or absence of thymoma and the 
experience and ability of the surgical and 
medical teams are important factors in the 
evaluation of risk to the patient, experience has 
shown tbat when other factors are equal the 
really critical factor 1s almost always the severity 
of the myasthenia gravis. The risk of operation is 
directly related to the risk of respiratory failure. 
If the patient has experienced difficulty in 
breathing or in swallowing secretions in the 
throat, particularly if these symptoms are not 
eliminated by optimal amounts of neostigmine, 
the risk is significant. However, the performance 
of tracheotomy and the use of a mechanical 
respirator and aspirator, along with expert 
medical management of myasthenia gravis, 
usually allow the patient to survive any crisis 
that may be induced by operation. If the cough 
is so weak that the finer branches of the bronchial 
tree cannot be kept free from obstruction by 
secretions, pariicularly while optimal amounts 
of neostigmine are being administered, the risk 
of surgery to the patient is too great to accept 
and surgical intervention should be postponed. 

Unfortunately medical management is diffi- 
cult in severe degrees of myasthenia gravis. The 
chief difficulty lies, when crises arise, in deciding 
whether the patient has been receiving too 
much or too little neostigmine. In such in- 
stances we have found no substitute for tra- 
cheotomy, use of the respirator and mechanical 
forms of aspiration, the administration of oxygen 
by inhalation and close observation of the 


response to the administration or withholding of 


neostigmine. 

On the other hand the risk of operation is not 
great provided the patient is young, can cough 
vigorously and has no significant difficulty in 
swallowing or breathing while receiving a 
relatively small amount of neostigmine. We 
would estimate the risk of death at operation in 
such patients as approximately 1 per cent. Of 
course it is well to anticipate and be prepared 
for trouble. Elective use of tracheotomy and the 
respirator is preferable to use of these aids as an 
emergency. 


OBSERVATIONS 


Use of Controls. At present, evidence over- 
whelmingly favors the conclusion that thy- 
mectomy is of value in the treatment of myas- 
thenia gravis. À considerable amount of evidence 
is available regarding factors that have favorable 
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or unfavorable influence on prognosis after 
thymectomy. Future studies promise further 
elucidation of the problem of selection of pa- 
tients for thymectomy. 

It is obvious that younger patients who have 
had myasthenia gravis for a short period are 
most likely to improve after thymectomy. On the 
other hand controlled studies indicate that these 
are the patients who are most likely to improve 
without thymectomy. Consequently the real 
value of thymectomy can be demonstrated only 
in control studies in which a comparison is made 
of the course in surgical and in non-surgical 
patients of the same age and in whom the dura- 
tion of disease is the same. 'The number of 
patients in each group must be large enough to 
be statistically reliable. In this relatively early 
stage of our studies there is a temptation to draw 
conclusions from too few cases. Consequently we 
urge patience, persistence in study and reserva- 
tion of opinion regarding the value of thymec- 
tomy in the categories that are now too small for 
use in the formulation of reliable opinions. 

Two examples illustrate the point we are 
trying to make. (1) By combining the data from 
the Massachusetts General Hospital series and 
from our series, we have information regarding 
seventy-four female patients who had non- 
neoplastic thymus glands removed; these data 
can be compared with those from an even 
larger number of non-surgical controls. Com- 
plete recovery or considerable improvement 
occurred slightly more than twice as frequently 
among the surgically treated patients as among 
the controls. This appears to be the type of 
evidence deserving of confidence. (2) In our 
series we have follow-up data with regard to 
thirteen female patients who survived surgical 
removal of thymomas. As already stated, five 
patients (39 per cent) became well or greatly 
improved, a rate of remission which is almost 
twice tbat in female control patients who do not 
have thymomas. Although it is not improbable 
that these statistics reflect a trend favoring 
removal of thymomas in female patients, the 
question by no means can be considered settled. 
We believe it is well to withbold opinion under 
these circumstances while further data are 
collected and analyzed. 

To summarize to this point, we can say that 
statistical evidence collected in controlled 
studies has established the value of removal of 
the non-neoplastic thymus gland in female pa- 
tients who have myasthenia gravis. However, 


AMERICAN JOURNAL OF MEDIGINE 


Thymectomy in Treatment of Myasthenia Gravis—Eaton, Clagett 715 


the same studies do not at present indicate that 
thymectomy is of value as far as myasthenia 
gravis is concerned in males or in patients who 
have thymomas. 

Relationship Between Myasthenia Gravis and the 
Thymus Gland. To clarify our attitude toward 
thymectomy in males, in patients who have 
thymomas or, for that matter, in any patient for 
whom the procedure has not yet been demon- 
strated to be of value, it is advisable to review 
briefly the nature of the relationship between 
myasthenia gravis and the thymus gland. 

Weigert? in 1901 was the first to detect any 
such relationship when he described a malig- 
nant anterior mediastinal tumor at necropsy 
in a cáse of myasthenia gravis. This stimulated 
other pathologists to look for and describe 
abnormalities of the thymus gland in this disease. 
By 1939 the contributions of Bell,?? Norris, ?^?? 
Miller??? and Blalock and co-workers! had 
established beyond reasonable doubt the fact 
that thymic tumors occurred too frequently in 
myasthenia gravis to be coincidental. Blalock's 
group were able to collect reports of fifty-three 
instances of abnormality of the thymus gland in 
approximately 110 cases studied at necropsy or 
surgical exploration. Of these abnormalities 
thirty-one were thymomas and twenty-two were 
instances of “‘persistence”’ or hypertrophy." 

Whatever reasons may have existed in the 
past for doubting the relationship between 
myasthenia gravis and the thymus gland have 
been abolished by studies of the thymus glands 
removed surgically during the era of frequent 
thymectomy. The work of Sloan,?* Collins,?* 
Bratton** and Castleman and Norris? has 
established that non-neoplastic thymus in 
myasthenia gravis is characterized not by varia- 
tions in size and weight (persistence? and 
* hypertrophy"), as had been claimed previously, 
but by histologic evidence of lymphoid hyper- 
plasia with formation of germinal centers in the 
medulla. However, the frequency with which 
thymomas are now found in patients who have 
myasthenia gravis clinches the argument in favor 
of some sort of relationship. The study of 
thymomas published by Seybold and associates? 
is of signal importance and is recommended for 
anyone who desires to pursue the subject further. 

The exact nature of the relationship between 
myasthenia gravis and the thymus is still under 
investigation. The superficially attractive hy- 
pothesis that the thymus elaborates a substance 
which induces the specific type of neuromuscular 
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dysfunctior. recognized clinically as myasthenia 
gravis remains only a hypothesis. However, it 
has received recently its greatest support from 
the work of Wilson and co-workers?* in England 
who found that extracts of thymus glands depress 
muscular contraction in various nerve-muscle 
preparations. The results of further controlled 
experiments by Wilson's group and the attempts 
of other investigators to corroborate their ob- 
servations are eagerly awaited by clinicians. 
However, i- appears evident that on clinical 
grounds alone the thymus gland does not always 
play a primary role in the production of myas- 
thenia gravis since the disease at times progresses 
relentlessly to a fatal termination after removal 
of all detectable thymic tissue. 

lhus clinical evidence does not favor the 
theory that the thymus stands in causal rela- 
tionship to myasthenia gravis. A more attrac- 
tive theory to us is that the basic disturbance in 
endocrine metabolism which probably gives rise 
to the specific type of muscular dysfunction 
recognized as myasthenia gravis also gives rise to 
the changes in the thymus gland characteristic 
of this disease. Removal of the thymus gland, 
when effective, may disturb the endocrine 
metabolic processes in such a way that they 
become more nearly normal with lessening of 
the severity of myasthenia gravis. 

Thymectomy in Cases in Which Its Value Is Not 
Yet Demonstrated Statistically. Our reasoning 
in favor of continuing to do thymectomy in male 
patients, in patients with thymomas and oc- 
casionally even in older patients and those who 
have had myasthenia of long duration is based 
on two main concepts. First, as already indi- 
cated, a relationship exists between myasthenia 
gravis and the thymus gland but in all likelihood 
the abnormalities in the thymus do not cause 
myasthenia gravis. Removal of non-neoplastic 
thymus glands in female patients, at least 
younger ones, leads beyond reasonable doubt to 
remission of the symptoms of myasthenia gravis, 
probably as a result of altered metabolic proc- 
esses. Second, although thymectomy has not yet 
been demonstrated by statistical methods to be 
effective in male patients who have myasthenia 
gravis and in patients who have thymomas, the 
symptoms of individual patients in these cate- 
gories have gone into remission after thy- 
mectomy and there is no way of being certain 
that such improvement would have occurred 
without thymectomy. As an example, two men 
in our series, aged fifty-four and forty-five years, 
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respectively, became completely well within 
months after the removal of thymic tumors and 
had remained so for eleven and nine years, 
respectively, when last heard from. Another 
patient, a sixteen year old boy, was critically ill 
with myasthenia gravis and was becoming 
progressively worse at the time of thymectomy 
in July, 1954; he experienced considerable 
improvement within three months after surgery. 

Consequently, until the time arrives when we 
can be certain that thymectomy will not help a 
specific patient or until something else of greater 
promise for induction of remissions is developed, 
we shall feel obligated to consider thymectomy 
for each patient. We propose to weigh the 
probable risk to the patient of surgical inter- 
vention against the probable chances of help, to 
give due consideration to all other factors that 
usually enter into decisions of this kind and, in 
each instance, to decide accordingly. 

In patients who have thymomas, the locally 
malignant character of many of the tumors 
furnishes an additional indication for removal. 
For this reason and because of the possible 
beneficial effect on myasthenia gravis in female 
patients in particular, we intend to continue to 
advise thymectomy for patients who have thymic 
tumors, provided that either clinical or roent- 
genologic evidence of inoperability does not 
exist and the risk of surgical intervention does 
not appear to be excessive. 

Retrospection and Prophecy. Keynes’ has won- 
dered why our 1949 study, published in 1950,?9/4 
did not support the thesis that thymectomy was 
of value in.the treatment of myasthenia gravis. 
Because our original series contained such a 
high incidence of patients with thymomas (33 per 
cent) among those who were treated surgically, 
that study did fail to reflect the true value of 
thymectomy, a fact that we were the first to 
recognize when doing our 1952 study. This 
abnormally high percentage af patients with 
tumors produced atypical results, and at the 
time there existed no good reason for suspecting 
the presence of such aberrant findings. 

This experience makes us strongly suspect that 
any controlled series of cases containing a high 
percentage of tumors in which the results for 
male and female patients are not analyzed 
separately is unlikely to reflect the value of 
thymectomy when the series is relatively small. 
We predict that the Johns Hopkins University 
series eventually will support the use of thy- 
mectomy after more surgically treated patients, 


particularly female, without tumors are added. 
The better results of thymectomy compiled by 
Keynes may bea reflection of the highly selective 
composition of his surgical group. The great 
majority of his patients are less than forty years 
of age and it is in this age group that female 
patients with myasthenia gravis are known to 
predominate in the ratio of 2:1. 

In 1949, as already mentioned, we did not 
appreciate the fact that inclusion of a high per- 
centage of patients with thymomas could 
obscure the value of thymectomy. It was the 
reports of apparent success in the surgical treat- 
ment of three patients with thymomas that 
interested us in undertaking our studies in the 
first place. Nothing occurred during the early 
stages of our work to warn us that patients with 
tumors were to do poorly as a group. In 1947 we 
could report?" that in our first fifteen surgically 
treated patients with thymomas, only one death, 
an operative one, had occurred and that seven 
of the eleven patients who were improved had 
done so to a pronounced degree. This relatively 
extensive experience with thymomas caused us to 
hesitate in the acceptance of warnings emanat- 
ing from study of smaller series. The chronology 
of the various studies concerned also helps to 
explain some of the discrepancies between our 
earlier conclusions and those of Keynes? and of 
Viets.!5 Our 1949 study had been presented 
first, namely in June, 1949, at the meeting of the 
American Neurological Association. Keynes’ 
study had been presented in July, 1949, as a 
lecture at the National Hospital for Nervous 
Diseases. Viets’ study had been presented at the 
Fourth International Neurological Congress in 
September, 1949. However, ours was the last of 
these studies to appear in print. | 

In 1954 Keynes’ said, “It is worth noting at 
this point that the Mayo Clinic had asserted 
a few years before that there was no convincing 
evidence that the thymus gland was in any way 
connected with myasthenia gravis." However, 
one of us (Eaton*®) had proclaimed this relation- 
ship as early as 1942; the relationship between 
myasthenia gravis and the thymus has been 
discussed often by us in subsequent publications 
and its existence never has been denied. 


SUMMARY AND CONCLUSIONS 


1. The evidence found in our study com- 
bined with that in the literature makes it evident 
that thymectomy is of value in the treatment of 
female myasthenic patients who are less than 
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fifty years of age and who do not have thymomas. 
Too few patients who are alike except that they 
are more than fifty years of age have been 
studied to allow the formation of definitive 
conclusions. Younger female patients surviving 
thymectomy have better than a 50 per cent 
chance of attaining very satisfactory remissions, 
whereas without thymectomy they have a 20 to 
25 per cent chance of attaining comparable 
results. Furthermore the chances of ultimate 
survival of patients in this group are substantially 
increased by removal of the thymus gland. 

We approve of thymectomy in the case of 
female patients, particularly if they are young, in 
spite of the fact that surgery in severe degrees of 
myasthenia gravis is of great risk to the patient. 
It is probably not wise to advise thymectomy, 
even in female patients, if the disease has been 
present for many years (ten or more), particu- 
larly if it is stationary or improving. 

2. The value of thymectomy in male patients 
has not been demonstrated conclusively up to the 
present time. We approve, tentatively, of 
offering thymectomy to male patients as of 
potential benefit unless the risk of surgery con- 
traindicates the use of a procedure the worth of 
which is not yet conclusively established for such 
patients. 

3. Thymectomy for removal of thymic tumors 
carries a relatively great risk to the patient and 
is not of proved value, although data in studies 
of the Mayo Clinic series suggest that it may 
prove to be of value in female patients. Perhaps 
it should be undertaken provided there is no 
clinical or roentgenologic evidence of inoper- 
ability and the risk of surgical intervention does 
not appear excessive. Otherwise a patient who is 
destined to do well as far as myasthenia gravis 
is concerned may die as a result of thymoma. 
Roentgen therapy is reserved for those patients 
who are unsuited for surgical treatment. 
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Pregnancy in Myasthenia Gravis and 
Neonatal Myasthenia Gravis’ 


NATHAN S. SCHLEZINGER, M.D. 
Philadelphia, Pennsylvania 


of myasthenia gravis in pregnancy and 
| during the neonatal period has been rather 
limited, I would like to introduce my presenta- 
tion with some references to the literature. 
Many authors have been impressed with the 
effect of pregnancy upon myasthenia gravis but 
their reports fail to serve as a reliable basis for 
predicting the effect in any particular instance. 
The occurrence of diametrically opposed reac- 
tions in relation to pregnancy adds another as 
yet unexplained peculiarity to the clinical course 
of myasthenia gravis. Perhaps most striking in 
this regard is the report of Laurent, who in 1931 
described a patient who had had remissions 
. during her first two pregnancies and severe 
exacerbations during five subsequent preg- 
nancies, all of which terminated in abortions. 
In 1937 Kennedy and Moersch commented 
. upon seven myasthenic patients who had twelve 
pregnancies. In five instances there was exacer- 
bation during pregnancy with remission after 
termination in four; in the other seven instances 
there was no apparent effect during pregnancy 
but no mention was made of the puerperium. 
The most detailed study of the question of 


S INCE my own experience with the problems 


pregnancy in myasthenia gravis was reported by : 


Viets, Schwab and Brazier in 1942. They con- 
cluded that in most cases the course of myas- 
thenia gravis was “profoundly affected’ by 
pregnancy, the usual course being characterized 
by a moderate relapse during the first trimester 
followed by partial or complete remission there- 
after. In 1948 Harvey observed-that pregnancy 
had a variable effect on myasthenia gravis but 
that exacerbations always occurred after. the 
termination of pregnancy. In 1953 Fraser and 
Turner surveyed fourteen cases of myasthenia 
gravis in which pregnancy had occurred and 
concluded that there was no indication for 
termination of pregnancy although some tend- 


ency towards relapse was observed during the 
first trimester. They also reported that relapses 
in the early postpartum period occurred in half 
of their patients and apparently constituted the 
greatest period of danger. 

It would appear that in the majority of in- 
stances pregnancy is associated with remissions 
during most if not all of the period of pregnancy. 
However in some instances, such as those re- 
ported by Wilson and Barr in 1945 and by 
Harris and Schneider in 1948, pregnancy may be 
associated with progressive exacerbation of 
myasthenia gravis, either with or without remis- 
sion after the termination of pregnancy. 

A preliminary and somewhat hasty survey of 
approximately 100 cases of myasthenia gravis 
that I have seen within the past fifteen years has 
disclosed four patients in whom six pregnancies 
have occurred. At first glance these cases would 
seem to illustrate the unpredictable reaction of 
myasthenia gravis during pregnancy. In the 
first case, in which the course of myasthenia 
gravis over an eighteen-year period had been 
relatively benign, the reaction during the first 
pregnancy was unchanged and during the second 
pregnancy showed only a slight exacerbation in 
the latter trimesters of pregnancy. In the second 
case the patient had had four illegitimate 
pregnancies and myasthenia gravis first de- 
veloped three months after the termination of 
her third pregnancy. During her fourth preg- 
nancy there was a rather marked remission 
which continued until three months after the 
termination of pregnancy when a slight exacer- 
bation occurred. In the third case the. course 
of illness during both the first and second preg- 
nancies was characterized by initial exacerba- 
tion during the first trimester followed by a 
distinct remission which was maintained until 
two days after the termination of the first 
pregnancy and until eight days after the termina- 


* From the Department of Neurology, Jefferson Medical College Hospital, Philadelphia, Pennsylvania, 
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tion of the second pregnancy. In the fourth case 
the course of myasthenia gravis showed a 
rather striking exacerbation during the last 
trimester with a partial remission in the post- 
partum period. The exacerbation in this case 
seemed to coincide with the probable develop- 
ment of hyperthyroidism. It is tempting to 
speculate in this case upon the possible detri- 
mental effect of such thyroid dysfunction which 
has been also observed to occur in most patients 
in whom myasthenia gravis and hyperthyroidism 
coexist. | 

Interesting and possibly significant have been 
the relatively recent reports of a myasthenic 
syndrome affecting some infants whose mothers 
have myasthenia gravis. It would appear that 
this 1s an infrequent occurrence in view of the 
observation by Viets of only three examples 
in thirty-six myasthenia pregnancies. The 
affected infants have been considered to repre- 
sent a neonatal form of myasthenia gravis in 
contrast to the congenital form which occurs in 
infants whose mothers do not have myasthenia 
gravis. The latter have a course of illness resern- 
bling that which is observed in children and 
adults; this includes an unpredictable duration, 
as well as exacerbation and remission. Two 
examples of the congenital type of myasthenia 
gravis were included in a series of eight children, 
all girls, who were reviewed in a paper which I 
presented at the 1954 meeting of the American 
Neurological Association. There have been only 
six other cases of congenital myasthenia gravis 
reported in the literature. ` 

Twelve cases of the neonatal type of myas- 
thenia gravis have been reported and, with the 
possible exception of one case, the mothers of 
these infants have been under treatment. 
TEPP was used in the treatment of one mother; 
the others received neostigmine. Thymectomies 
were performed upon three of the mothers. 
Myasthenia gravis was evident in these infants 
within a few hours to a few days after birth. 
The syndrome in the infants was characterized 
by symmetric weakness of the eyelids, face, and 
bulbar and skeletal musculature. The weakness 
was relieved by neostigmine whenever it was 
administered. The duration was reported to 
have varied from seven days to thirty-six days 
and in those infants who survived spontaneous 
and apparently permanent remission always 
occurred. No relapses have been reported as yet. 
Two of the affected infants died. 

Although I have not had the opportunity of 
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directly observing any examples of neonatal 
myasthenia gravis, it is probable that two of 
the four mvasthenic mothers in my series had 
infants with neonatal myasthenia gravis. One of 
these mothers (the fourth case) had a pregnancy 
which terminated in the delivery of an infant 
who was cyznotic but started to breathe after the 
removal of thick mucus and application of 
artificial respiration. Crying was said to have 
been weak and death occurred one hour and 
thirty-five minutes after birth. Autopsy showed 
bronchial obstruction and cerebral congestion. 
There were no other abnormal findings and 
the thymus was apparently normal. Unfortu- 
nately this infant never received neostigmine. 
The other mother (the third case) has had two 
pregnancies and in each instance the infant 
apparently had difficulty in breathing and 
sucking. It is a noteworthy fact that the first 
pregnancy occurred before the mother received 
any treatment for myasthenia gravis. This 
infant’s weakness, difficulty in breathing and 
difficulty in sucking subsided spontaneously 
within two or three weeks after birth. The second 
pregnancy terminated in May, 1954, with the 
delivery of an infant who had difficulty in suck- 
ing immediately after birth. This continued for 
six days and was relieved by the oral administra- 
tion of neostigmine. In the literature the only 
indication of a similar occurrence of neonatal 
myasthenia gravis in siblings is noted in the 
report of Geddes and Kidd in 1951. They refer 
to a personal communication which described 
such infants following the third and fourth 
pregnancies of a myasthenic mother. 

It has been suggested that neonatal myas- 
thenia gravis is a result of placental transmission 
of a curare-like substance, the origin of which in 
the mother is obscure. Keynes has proposed the 
thymus as a 3ource for such a substance in the 
mother but the reports of neonatal myasthenia 
gravis after thymectomy in the mother would be 
opposed to such a concept. If a curare-like 
substance is <ransmitted to the affected infant 
from the mcther, it presumably is gradually 
excreted and destroyed and thus accounts for the 
apparently permanent remission if the infant 
survives. The question of suppression of normal 
neuromuscular humoral mechanisms in the 
affected infants because of intensive treat- 
ment in the mothers is opposed by the apparent 
occurrence of neonatal myasthenia gravis 
in infants whose mothers have not been 
treated. 
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DISCUSSION 


Dr. Kermit E. OssERMAN: The influence of preg- 
nancy on myasthenic symptoms and, conversely, the 
influence of myasthenia gravis upon gestation was 
studied by Drs. Nathan Kosovsky, Harold Spurt and 
the discusser in twenty-two myasthenic patients hav- 
ing a total of thirty-three pregnancies since 1940. 
Thirty-two per cent of the patients showed a definite 
remission during their pregnancy; 34 per cent showed 
no change in their myasthenic state, and 34 per cent 
showed a definite relapse associated with the preg- 
nancy. All symptomatology patterns were usually 
established during the first trimester of the pregnancy 
and there was very little change during the second or 
third trimester, except in two cases. In those patients 
who had repeated pregnancies each pregnancy had its 
own influence on the myasthenia gravis and did not 
necessarily follow the pattern of the earlier pregnancy. 

There were six therapeutic abortions and seven 
spontaneous ‘miscarriages in this series. The occur- 


rence of these spontaneous abortions bore no appar- 
ent relation to the degree of severity of the myasthenic 
symptoms which the patient presented. In the six 
cases treated by therapeutic abortions (these were 
the more seriously ill patients) interruption of the 
pregnancy did not change the severity of the myas- 
thenic symptoms. However, following spontaneous 
abortion marked symptomatic improvement was 
observed. 

Delivery and labor were normal, provided adequate 
cholinergic therapy was given. Cesarean section, as 
previously performed prior to 1937, is not required 
because of the myasthenia gravis but the decision to 
do this should be governed purely by obstetric con- 
siderations, The character of the labor was unaffected 
by the predelivery status of the patient. It is impor- 
tant to keep the patient at optimal neuromuscular 
function to the extent that this can be accomplished by 
cholinergic medication. 

A three-month postpartum follow-up of most of the 
patients usually reflected the myasthenic status 
exhibited during the pregnancy. In those cases show- 
ing postpartum deterioration the added physical 
burden on the mother of the newborn may have been 
an added factor. 

There are two classifications of myasthenia gravis 
in the newborn: (1) transient difficulty seen in chil- 
dren born of myasthenic mothers and (2) those rather 
rare cases of congenital disease in which no family 
history of myasthenia is obtainable. There were three 
occurrences of the acquired type in our series which 
resulted in sixteen live births. The physician should be 
on the watch for myasthenic symptoms in the new- . 
born. This can be confirmed by performing either a 
tensilon® or neostigmine test. The baby can then be 
treated with cholinergic medication. The myasthenic 
symptoms usually abate completely in the first few 
weeks of life. 
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frequently have a remission of the symp- 

toms if pregnancy occurs, and it has been 
suggested that increased amounts of hormones 
elaborated during pregnancy may play a protec- 
tive role in this disease. 

Profound changes occur in the organs of 
reproduction during pregnancy and the body as 
a whole participates in many biochemical 
alterations in water, electrolyte, carbohydrate, 
fat and protein metabolism. As some of these 
effects are the result of increased elaboration of 
steroidal hormones, it seems pertinent to review 
some of the variations that occur in the secretion 
of hormones during normal pregnancy. 

Gonadotrophins. In early pregnancy one of the 
most striking observations is the rapid rise in the 
concentration of chorionic gonadotrophin in 
blood and urine. (Fig. 1.) T'his substance is 
elaborated by the growing trophoblast for the 
purpose of maintaining the corpus luteum, caus- 
ing it to continue to secrete progesterone and 
estrogens, thus preventing the collapse of the 
endometrial bed. Chorionic gonadotrophin 
appears in the urine very soon after implanta- 
tion of the fertilized ovum and reaches a peak 
between the fiftieth and the seventieth day 
after the beginning of the last actually occurring 
menstrual period. The concentration of cho- 
rionic gonadotrophin in the blood follows a 
similar curve as that observed for urine.* The 
maximum level is maintained for only a short 
period and is followed by a rapid decrease in 
concentration. From approximately the one 
hundred tenth to one hundred twentieth day 
until the end of pregnancy this substance 
remains at a relatively low level. Following 
parturition it disappears from the urine within 
three to seven days. 

Progesterone and Estrogen. The source of 
progesterone and estrogen in early pregnancy is 
the corpus luteum. This function is gradually 
taken over by the placenta. By the end of the 
second month the placenta in the human is 
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secreting sufficient amounts of these steroids to 
maintain the pregnancy. 

Because progesterone is rapidly metabolized 
in the body it is difficult to demonstrate its 
presence in either blood or tissue. Its chief 
metabolite is pregnanediol which is excreted in 
the urine as pregnanediol glucuronide.’ Urinary 
excretion of pregnanediol in pregnancy is a 
reflection of the amount of progesterone elabo- 
rated. In very early pregnancy pregnanediol is 
excreted at the same level or slightly higher 
than that okszrved during the luteal phase of the 
menstrual cycle (4 to 10 mg./24 hours). Its 
concentraticr. in the urine increases gradually 
during the first three months of pregnancy (Fig. 
1), then more rapidly so that by the end of 
pregnancy from 40 to 130 mg. per twenty-four 
hours may be excreted. Following delivery of the 
placenta it disappears rapidly from the urine.‘ 

Estrogen excretion in the urine during preg- 
nancy follows a pattern similar to that of 
pregnanediol. (Fig. 1.) During the first three 
months it is present in the urine at levels slightly 
higher than tnose observed in the luteal phase, 
approximately 1 mg. per twenty-four hours. 
After the one hundredth day the concentration 
begins to increase and by the last month of 
pregnancy fram 12 to 35 mg. per day may be 
excreted. The ratio of pregnanediol to estrogen 
in early pregnancy is roughly 10:1. In the last 
month it is 4:1. Thus the rate of estrogen 
elaboration increases more rapidly than that of 
progesterone. In Figure 1 is shown the inter- 
relationship that exists between the excretion 
of various hormone metabolites in pregnancy. 

Relaxin. Ximaw reported in 19265 that relaxa- 
tion of the pubic symphysis in the guinea pig 
was under tke control of a specific hormone, 
relaxin. Since zhat time it has been shown that 
mixtures of estradiol and progesterone are 
also able to irduce pelvic relaxation. Relaxin 
can be detected in the blood of pregnant women.® 
Little is known regarding its mechanism 
of action. 


* From the McGill University Clinic, Royal Victoria Hospital, Montreal, Quebec. 
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Adrenal Cortex. There is much evidence that 
points toward an intimate relationship between 
the adrenal cortex and the reproductive system. 
The increase in the size of the adrenal glands 
observed in pregnant women! represents in- 
creased activity as judged by hormonal studies 
of blood and urine. 


me. / 24 HES, 
p GLYCOGENE units / 20 wes 


Ril GoNAnOTGOPINS / 24 uas 
Mae. QESTROSENS / 24 Het 


^ ~ 66 


fox. C006. SOL 100 


DAYS 40 &0 120 





higher in the pregnant woman than in the non- 
pregnant woman. Little change was observed 
in the excretion of total 17-ketosteroids in 
pregnancy,? although it has been reported?’ 
that pregnant women excrete less androgen 
in the last month. Dobriner et al.,!* reporting on 
isolation studies on the excretion of individual 
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Fic. 1 Excretion of various hormones in pregnancy. 


The adrenal gland elaborates a variety of 
steroidal hormones with diffzrent biologic 
activities. These include the glucocorticoids, the 
mineralocorticoids and a group o? steroids which 
are metabolized and excreted as 17-keto- 
steroids. The glucocorticoids represent hormones 
such as hydrocortisone and cortisone which have 
a wide influence on tissue metabolism. Studies 
by Venning® show that in pregnancy there is an 
initial rise in excretion of glucocorticoids in the 
first trimester of pregnancy whick usually returns 
to normal levels by the one htndredth to the 
two hundredth day. This is followed by a subse- 
quent increase in the output of glucocorticoids 
which reaches a maximum excretion in the last 
trimester of pregnancy. This increased excretion 
of corticoids has been confirmed by chemical 
procedures.?!? Recent studies of the blood by 
Gemzell! showed that by the last trimester of 
pregnancy the blood 17-hyd-ocorticosteroids 
had increased fourfold. Venning et al? re- 
ported that the average value for urinary corti- 
coids causing sodium retention was slightly 


ketosteroids, found that the pregnant woman 
excretes ketosteroids which differ quantitatively 
and qualitatively from those found in the urine 
of non-pregnant women. 

Thyroid Gland. In pregnancy the thyroid 
gland becomes more vascular and usually 
becomes hypertrophic, but it is not generally 
thought that this is accompanied by hyperfunc- 
tion. An increase in the basal metabolic rate and 
the serum protein bound iodine! occurs. The 
significance of these observations 1s not clear. 

Thymus Gland. Acute involution of the 
thymus as well as that of other lymphoid organs 
occurs during pregnancy. In human subjects 
maximal thymic atrophy is found within two 
months after onset of pregnancy.!$ 

Selye!” found that most hormonally active 
steroids will influence thymus involution in 
varying degrees; however, the estrogens and the 
adrenocortical hormones appear to be the most 
active in this respect. Of the adrenal corticoids 
the glucocorticoids have the greatest effect on 
thymic involution. These are the corticoids 
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which increase the muscle work capacity of 
adrenalectomized rats as shown by Ingle.!? For 
some time it has been known that myasthenia 
gravis is frequently associated with some form of 
thymus lesion. 

Metabolic Changes. One of the most character- 
istic biochemical alterations in late pregnancy 
is an increased retention of water. There is a 
progressive increase in plasma and total blood 
volume which becomes maximal in the ninth 
month. As a result of this dilution, the con- 
centration of blood cells and haemoglobin is 
decreased. 

It has been demonstrated that estrogens as 
well as adrenocortical hormones will cause water 
and sodium retention.!? The period in which 
there is maximal water retention is associated 
with an increased elaboration of estrogens and 
adrenocorticoids. Estrogens also have a lipo- 
trophic effect and possibly they are partly 
responsible for changes that occur in the total 
neutral fat, serum phospholipids and circulating 
cholesterol during pregnancy. These same 
hormones also affect calcium and phosphorus 
metabolism. Many pregnant women show a 
slight disturbance in carbohydrate metabolism 
which is due to a lowered renal threshold for 
glucose. Recent studies by Flynn et al.?° on 
the occurrence of lactosuria and glycosuria in 
pregnant women showed that there is an in- 
crease in the incidence of glycosuria after the 
third month. It is well known that certain hor- 
mones of the adrenal cortex may affect carbo- 
hydrate metabolism and in pregnancy it is 
possible that the higher incidence of glycosuria 
may be associated with an increased adrenal 
function. 

Various reports indicate that amelioration of 
symptoms in pregnant women with myasthenia 
gravis may occur at different periods. It is not 
unreasonable to suppose that the dramatic 
changes occurring in the endocrine glands and 
the consequent effects on metabolic processes in 
various tissues may have some influence on the 
course of the disease although it is not clear 
in what manner these remissions are brought 
about. In order to clarify this situation hormonal 
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assays should be done on pregnant women with : 
myasthenia gravis. 


SUMMARY 


The various changes that occur in hormone 
secretions during pregnancy have been re- 
viewed. The first trimester is characterized by a 
rapid rise in levels of chorionic gonadotrophin 
in blood and urine. The function of the adrenal 
cortex is slightly increased at this time. In the 
last trimester, estrogens, progesterone (or its 
metabolite pregnanediol) and the adrenocortical 
hormones are at a high level in blood and urine. 
The relationship of the hormones to certain 
metabolic changes observed in pregnancy is 
discussed. 
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Effect of Endocrine Glands on Normal 
Muscle Work” 


Dwicnut J. INGLE, PH.D. 


Chicago, Illinois 


HEN the gastrocnemius muscle of a 

normal anesthetized rat is made to 

contract by intermittent faradic stimu- 
Jation, it can work vigorously for several days. 
By feeding the rats while they are working a 
high level of energy output can be sustained for 
ten days and longer; we have kept individual 
animals working continuously for as long as 
seventeen days. The rat loses its ability to work 
within a few hours after removal of either the 
adrenal glands or the pituitary gland but it is 
responsive to replacement therapy with the 
hormones of these organs. The ability of the 
experimental animal to work over long periods 
of time can be regarded as a criterion of vigor for 
it is a stressful procedure which will quickly 
reveal physiologic deficiencies not demonstrable 
under resting conditions. 


METHODS 


The details of the procedure have been 
described.! Male rats of the Sprague-Dawley 
strain were maintained on Archer Dog Pellets 
until they reached a weight of 200 + 2 gm. The 
animals were anesthetized with phenobarbital 
sodium and cyclopal® sodium. The gastro- 
cnemius muscle of the left hind leg is weighted 
with 100 gm. A nerve stimulator, model B 
(Upjohn), is used to deliver 5 pulses per second. 
The duration of each pulse is 20 milliseconds 
and the intensity is 20 ma. The distance the 
weight is lifted is recorded on automatic motion 
accumulators. Each recorder revolution repre- 
sents approximately 400 gram-centimeters of 
work. ‘he animals are enclosed in a cabinet 
with temperature constant at 28 + 0.5?ac. The 
test substances in aqueous solutions are injected 
into the jugular vein by means of a continuous 
infusion machine. When hormones are ad- 
ministered by intermittent injection into the 


tissues or a body cavity, the quantitative nature 
of the response may be affected by differences 
in the rates of absorption and in efficiency of 
utilization. The continuous intravenous injection 
of hormones simulates the manner in which the 
gland secretes its hormone into the blood more 
nearly than the procedures of intermittent 
injection. The fluid volume is 20 cc. per twenty- 
four hours per rat. By means of this apparatus 
(Fig. 1) twelve rats can be studied simultaneously. 


EXPERIMENTS AND RESULTS 


Studies on Adrenalectomized Rats. It has been 
known for a hundred years that clinical adrenal 
insufficiency is characterized by muscular : 
asthenia.” In 1892 Albanese* demonstrated the 
muscular asthenia of adrenalectomized animals. 
In 1932 the author was encouraged by the studies 
on vigor by Dr. Roy Hoskins and his associates 
to test the effect of replacement therapy upon 
deficient work performance of the adrenal- 
ectomized rat. We observed that work perform- 
ance fell below normal within a few hours 
following adrenalectomy and that this failure 
could be largely but not completely prevented 
by the injection of extracts of the adrenal cortex.‘ 
In 1934 the author joined the research group 
of Dr. E. C. Kendall who had supplied adrenal- 
cortical extracts for the initial research. When 
cortisone was isolated in 1935 by Mason et al.,? 
its biologic activity was immediately demon- 
strated in the work test, whereas it was con- 
sidered to be inactive by other investigators. 
Subsequently 11-dehydrocorticosterone, corticos- 
terone and hydrocortisone were isolated from 
adrenal cortical extracts and found to be active 
in this test. 

When in the fall of 1938, 11-desoxycorti- 
costerone was tested for its effect upon the work 
of adrenalectomized rats it was found to be 


* From the Ben May Laboratory for Cancer Research, University of Chicago, Chicago, Illinois. This work was 
supported by grants from The American Cancer Society as recommended by the Committee on Growth and from the 


United States Public Health Service. 
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almost completely ineffective. This compound 
proved to be qualitatively deficient in its 
biologic effect upon work and upon organic 
metabolism just as the 11,17-oxygenated steroids 
were weak in their effect upon electrolyte 
balance. The capacity of an adrenal-cortical 
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optimal doses of the single compounds. Adrenal 
cortical extract is superior to pure compounds in 
supporting work.’ (Fig. 2.) The recently isolated 
steroid, aldosterone, has not been tested for this 
property. It seems possible, even probable, that 
a mixture of aldosterone and hydrocortisone 
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F16. 1. Diagram of surgically anesthetized rat prepared for stimulation of muscle. 


steroid to support work and to affect organic 
metabolism is dependent upon the presence 
of oxygen function at position 11 on the steroid 
molecule. The studies of Ingle and Kuizenga? 
demonstrated that the adrenal steroids can 
be ranked in the following descending order 
of activity when assayed by the muscle work 
test: hydrocortisone, cortisone, corticosterone, 
11-dehydrocorticosterone and 11-desoxycorticos- 
terone. 

As shown by Ingle and Nezamis’ the con- 
tinuous intravenous injection of large amounts 
of beef adrenal extract can sustain normal work 
performance in adrenalectomized rats. Doses of 
15 to 20 cc. per twenty-four hours per rat were 
required. Full replacement has never been 
achieved by the intermittent injection of adrenal 
hormones. None of the single steroid compounds 
are a full substitution for either the rat's adrenal 
cortices or for adrenal cortical extracts. When 
cortisone, hydrocortisone and corticosterone are 
mixed together in equal proportions the peak 
response is not superior to that elicited by 
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would fully support work performance just as 
does adrenal cortical extract. 
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Fic. 2. Total amounts of work done by adrenal- 
ectomized-nephrectomized rats given optimal amounts 
of cortisone (E), hydrocortisone (F), corticosterone 
(B) or adrena_ cortical extract (ACE) by continuous 
intravenous injection; average of fifteen rats per group. 
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tigued" rat with epinephrine wil. induce brief 
partial recovery but is incapable of prolonging 
the ability of the adrenalectomized rat to work. 
Adrenal demedullation causes the work capacity 
of the rat to decrease more rapidly than that of 
normal rats during the first ten hours, but there- 
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an important extra-adrenal effect, although we 
recognized that it might be contaminated with 
biologically important amounts of either known 
or unknown pituitary principles. In collabora- 
tion with Professor C. H. Li of the University of 
California it was shown that this “work” factor 
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Fic. 3. Maintenance of normal work in hypophysectomized rats treated by 
continuous intravenous injection of corticotropin; average of fifteen or more rats 


per group. 


after the difference disappears and adrenal 
demedullated rats perform normal total amounts 
of work before death.? 

Studies on Hypophysectomized Ratz. ‘The capac- 
ity of the rat to work in respcnse to faradic 
stimulation is lost just as rapidly following 
hypophysectomy as following adrenalectomy. 
Indeed this failure is due in part to hypo- 
corticalism which rapidly ensues after the source 
of the corticotropic hormone is removed. 

Upon observing that continucus intravenous 
injection of commercial corticot-opin sustained 
the ability of hypophysectomized rats to perform 
normal amounts of work (Fig. 3), it was supposed 
by us that the collapse of these animals in acute 
studies was due solely to hypocor-icalism. To our 
surprise it was found! that adrenal-cortical 
extract only partially supports the work per- 
formance of either the hypophysectomized or 
the adrenalectomized-hypophysectomized rat, 
although it represented complete replacement 
therapy for the adrenalectomizec rat. Moreover, 
the addition of corticotropin to adrenal-cortical 
extract supported normal work in the adrenal- 
ectomized-hypophysectomized rat. (Fig. 4.) 
At first we supposed that corticctropin itself has 


was separable from corticotropin. An optimal 
effect on work could be obtained with as little 
as 1 ug. per rat per day. Although this principle 
was present in all of a large number of prepara- 
tions of corticotropin and other anterior lobe 
principles from a number of other laboratories, 
it could not be identified with any known 
anterior pituitary principle. After noting that a 
positive effect on work was correlated with an 


antidiuretic action, our attention turned to the 


hormones of the posterior lobe of the hypophysis. 
It is now established beyond reasonable doubt 
that vasopressin is the pituitary principle which 
supports the work performance of the hypophy- 
sectomized-adrenalectomized rat when added 
to adrenal cortical extract. This conclusion is 
supported by our tests of pure vasopressin * 
(Table 1). Further testing of the “work” frac- 
tion, which had been separated from cortico- 
tropin by Professor Li, showed that it contained 
approximately 2 international units of pressor 
activity per mg., an amount which could ac- 
count for its positive effect on work. The 
mechanism of this effect is not known to us. 


* Provided by Professor du Vigneaud of Cornell 
University Medical School, New York, New York. 
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Studies on the Diabetic Rat. We have a num- 
ber of studies of the work performance of the 
diabetic rat, all supporting the conclusion that 
lack of insulin does not directly limit the ability 
of skeletal muscle to work or to utilize carbo- 
hydrate as a source of energy." 
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Studies on the Effect of Castration. In studies 
done years ago when the conditions of the muscle 
work test were much less severe we failed to find 
any change f-om normal in the ability of either 
castrated maies!? or females? to do muscle work. 
These studies should be repeated. 
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HYPOPHYSECTOMY PLUS ADRENALECTOMY 


Fic. 4. The effect of some commercial preparations of corticotropin in the hypophy- 
sectomized rat and in the adrenalectomized-hypophysectomized rat with and without treat- 
ment with adrenal cortical extract; average for sixteen rats per group. 


Studies on the Thyroid. Our studies on the 
relationship of thyroid function to vigor were of 
the cursory sort and have not been published. 
It was established to our satisfaction that the 
ability to sustain work output in the rat becomes 
subnormal during either severe hypothyroidism 
or hyperthyroidism. The changes from normal 
are much less dramatic than those caused 
by either adrenal cortical or hypophyseal 
insufficiency. 


SUMMARY 


When the gastrocnemius muscle of the 
anesthetized (phenobarbital sodium) rat is 
weighted witk 100 gm. and stimulated to con- 
tract five times per second, it is capable of work- 
ing for several days. The ability to continue 
work is rapidly lost following removal of the 
adrenal cortices or the pituitary gland. The 
ability of the adrenalectomized rat to work can 


TABLE I 
EFFECT OF VASOPRESSIN UPON WORK PERFORMANCE OF ADRENALECTDMIZED-HYPOPHYSECTOMIZED RATS 


TREATED WITH ADRENAL CORTICAL EXTRACT 
(Averages and Standard Errors) 





Total Average 
Experimental Condition Rats Treatment Recorder 
Revolutions 
Sham hypophysectomy-adrenalectomy ....| 16 | Saline only 93665 + 3293 
Adrenalectomy-hypophysectomy......... 25 | 20 cc. adrenal cortical extract fist 24 hr.; 10 | 42130 + 3623 
cc. second 24 hr.: 
Adrenalectomy-hypophysectomy......... 16 | Adrenal cortical extract as above pios 0.02 - 93885 + 2576 


units vasopressin per 24 Lr. 
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be brought to within normal limits by continuous 
intravenous injection of large doses of adrenal 
cortical extract. The 11-oxygenated steroids 
support near normal work performance and are 
much more potent than the 11-desoxy steroids. 
However, none of the pure steroids thus far 
tested will support normal work performance. 
Aldosterone has not been studied in the work 
test. 

The work performance of the hypophysec- 
tomized rat can be brought to within normal 
limits by treatment with adrenal cortical 
extract plus vasopressin. Vasopressin is not 
effective in the absence of adrenal-cortical 
hormones. 

Insulin is not directly essential for the sup- 
port of muscle work. Other hormones have not 
been adequately studied, although it is known 
that vigor declines during either severe hypo- 
thyroidism or severe hyperthyroidism in the rat. 
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The Effect of Certain Endocrine Glands 
on Myasthenia Gravis’ 


CHARLES A. KANE, M.D. 


Boston, Massachusetts 


INCE Thomas Willis’ first description of 
myasthenia gravis in 1672, each of the 
glands of internal secretion have been 

thought by some investigators to be related either 
to the cause or the course of this disease. ‘The 
pertinent literature on this subject up to the last 
decade has been reviewed by McEachern! and 
Goni.’ 

It may be stated at the outset that ten years 
later there is still no convincing evidence that 
myasthenia gravis is a specific type of endo- 
crinopathy. However, it is possible to demon- 
strate that certain hormonal principles of the 
thyroid, adrenal and pituitary glands are able 
to modify the altered neuromuscular trans- 
mission seen in these patients. While the precise 
mechanisms of this action are still obscure, it is 
believed that this may well prove to be a fruitful 
avenue of approach to an understanding of the 
basic pathophysiology of myasthenia gravis. 

In addition to the influence of pregnancy and 
menstruation on this disease (which is the sub- 
ject of another presentation at this conference), 
perhaps the most interesting relationship is 
between the thyroid and myasthenia gravis. In 
discussing this we must first eliminate those 
patients with “‘chronic thyrotoxic myopathy” 
and ‘‘exophthalmic ophthalmoplegia"** who 
do not have true myasthenia gravis. This leaves 
a much smaller group—perhaps two dozen or so 
well documented cases—in which there is 
coincident hyperthyroidism and true myas- 
thenia.*934^ Most of the patients have been 
women between the ages of twenty to fifty-nine 
years who have shown characteristic improve- 
ment in their myasthenia with prostigmin.® In 
four instances in which the myasthenia preceded 
the thyrotoxicosis, the onset of the Jatter resulted 
in improvement in two of the myasthenics, while 
treatment of the hyperthyroidism made the 
myasthenia worse. This interesting “see-saw” 


relationship, originally commented on by Mc- 
Eachern,* has also been recently described by 
Maclean and Wilson.® Levitt!® urges combined 
thyroidectomy and thymectomy in these cases 
and reports 'good results" in six patients with 
thyrotoxicosis and myasthenia gravis so treated. 

The cases described by Laurent? and Walden- 
stróm? and designated as “acute thyrotoxic 
bulbar palsy" or “acute thyrotoxic encephalo- 
myopathy" zre quite likely fulminant cases of 
myasthenia zravis associated with hyperthy- 
roidism. Tha: there is some “‘overlap’’ between 
these and the previously described cases is 
indicated by the sudden death (in respiratory 
failure) of three of twenty-one reported cases 
of “chronic” thyrotoxic myopathy**!° and the 
observation 5f McEachern and Ross? that 
prostigmin produced significant improvement 
in some but not all of these same cases. Finally, 
the interesting association between hypothy- 
roidism and myotonia, the “mirror-image” of 
myasthenia gravis as far as neuromuscular 
transmission i: concerned, may be mentioned.!! 

Three interesting laboratory observations are 
worth mentioning in connection with the 
thyroid gland Tickner!* is said to have found 
significant increase in serum cholinesterase levels 
in 50 per cent of thirty-five patients with thyro- 
toxicosis. Rawson'® has reported that the 
thyrotropic factor (TSH) of the adenohypophysis 
is inactivated not only by iodides and thyroxine 
but also by thymus tissue. Finally, focal collec- 
tions of lymphocytes (‘‘lymphorrhages”) are 
quite common in extraocular and somatic 
muscles in hyperthyroidism as well as in 
myasthenics. ^4 

Nevertheless it is the rare patient with myas- 
thenia gravis who will show any obvious clinical 
signs of thyrctoxicosis or any demonstrable 
alteration in the basal metabolism rate or 
serum cholesterol values. If there is a report of 


* From the Neurological Unit (Harvard), Boston City Hospital, Boston, Mass. 
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investigation of radioactive iodine uptake or 
serum protein-bound iodine studies in a series 
of myasthenia gravis patients, we are not familiar 
with it. 

Coincidence of adrenal cortical insufficiency 
and myasthenia gravis is even rarer. In one such 


(as well as in castrates). Whether or not the 
thymus may provide the missing link, the over- 
all situation currently is still very obscure 
and in critical need of reinvestigation by the 
powerful newer technics which the endocrinol- 
ogist has developed in the past decade. 


TABLE I 
SUMMARY OF REPORTED RESULTS OF TREATMENT OF MYASTHENIA GRAVIS WITH CORTICOTROPIN (ACTH) 


AND GORTISONE 





case personally reported! it was of interest that 
the patient failed to respond convincingly to 
prostigmin until fluid, carbohydrate and electro- 
lyte values approached normal. Clinicians 
dealing with myasthenics are familiar with their 
poor tolerance to stress of almost any kind. 
Non-specific changes in the adrenal cortex 
have been described in myasthenics and a few 
enthusiastic reports of the efficacy of various 
adrenal extracts are on record. Sloan" found 
that the thymus gland in three of seven patients 
with Addison's disease showed changes similar 
to those seen in myasthenia gravis. Finally, 
Thevenard and Leger!? have recently described 
improvement in four myasthenic patients sub- 
jected to denervation of both carotid sinuses, a 
procedure which in dogs is said to result in 
adrenal cortical hyperplasia. | 

Just how to integrate the diverse observations 
previously cited is a problem, but it is of con- 
siderable interest that thymic hyperplasia occurs 
in both Addison's disease and Graves's disease 


"Total No. Marked Slight to 
Authors Treated | Improved | Improvement | Moderate Improvement No Change or Worse 
ACTH 
Schlezinger??. ......... 10 10 10 0 0 
Torda and Wolff??..... 15 10 10 4 1; died third day 
Molfson acted naa 4 3 2 1 1 
Shapiro”). e Linea texas 3 1 1 0 2; 1 died thirteenth day 
Milikan and Eaton??. ,. 2 1 0 1 1 
Doers: coe a ETE 2 1 0 1 1 
Stan bury iocis equus 1 1 1 CIL Mcr 
Sprague 0... sesh ee 1 1 i: jbo—— à Jb ering OE adds 
(aser ero aie eT OCE 1 1 Ebo 235 me 0 HN aeria ie rn v d ds 
_ Grob and Harvey??. .... 10 0 0 0 10 
Ritter and Epstein}... . 1 0 0 0 1 
Cortisone 
Millikan and Eaton”. .. 3 1 0 1 2 
Grob and Harvey*?.... 3 0 0 0 3 
Schlezinger?*. «o5. 1 1 0 1 0 


The third chapter in the “endocrine story" - 
of myasthenia gravis became possible in 1943 
with the isolation of the adrenocorticotropic 
factor (ACTH) of the anterior lobe of the 
pituitary in “pure” form in appreciable quanti- 
ties by two groups of workers. 1%20 

Corticotropin was first used in the treatment 
of myasthenia gravis by Torda and Wolff?! at 
the New York Hospital in 1944. They gave the 
following rationale for its use in these cases: 
(1) removal of the pituitary gland in rats 
induces changes in the electromyogram which 
closely resemble those seen in patients with 
myasthenia gravis; (2) the pituitary glands of 
several patients dying of this disease have shown 
an eosinophilic colloid material "suggesting 
altered function"; (3) administration of corti- 
cotropin (ACTH) causes shrinkage of the thymus 
and enhances synthesis of acetylcholine. 

. Corticotropin first became available com- 
mercially in 1948. Since then, a dozen refer- 
ences have been found concerning the use of it 
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Fic. 1. Myogram: first day of ACTH therapy (unpurified) (40 mg. intramuscu- 
lary every six hours for eight days). Technic: all records taken at same interval 
following neostigmine. Recordings on Bell kymograph; sped 2.3 cm. /min. Patient 
asked to squeeze bulb maximally once a second. 


*Patient confined to bed, receiving 3 mg. neostigmine (H) every two hours. 
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(and cortisone) in sixty patients wita myasthenia 
gravis. The reports are summarized in Table 1 


and a typical response to corticotropin in a. 


severe myasthenic is shown in Figures 1 to 4. 


CONCLUSIONS 


On the basis of a study of these reports and our 
personal experiences with the use of various 


PATIENT 


(2 Hrs. after last dose 
of Neostigmine ) 


L.H. R.H. 


CONTROL 





L4 t 
O 60 O 30 O 30 
SECONDS 


Fic. 4. Fifty-four days after ACTH. 


pituitary fractions over the past three years, the 
following: general conclusions seem justified: 
(1) Neither cortisone nor corticotropin is a 
panacea for myasthenia gravis; (2) the results 
with cortisone are disappointing and probably 
warrant little further study; (3) the results with 
corticotropin indicate, as a general pattern, ini- 
tial worsening, improvement varying from 
slight to striking, beginning usually at the 
termination of therapy and lasting usually a 
matter of weeks and (4) despite the two deaths 
occurring during corticotropin administration to 
gravely ill patients, the results (over 50 per cent 
“markedly improved") cannot be disregarded in 
the light of our currently limited therapy. 

The basic question, then, to be answered by 
future, better controlled investigations is not 
“does corticotropin help some myasthenics,”’ 
‘but “how does it work?" and “‘could the pitui- 
tary-thyroid-adrenal axes be primarily responsi- 
ble or contributory and not the thymus?” A 
coordinated “‘team-approach’’ combining the 
disciplines of the electrophysiologist, neurologist 
and endocrinologist will have to be achieved if 
further progress is to be made in this field. 

Meanwhile, it is our personal belief that 


corticotropin still has a definite if distinctly 
limited contribution to make in treating myas- 
thenic patients. We would define this as follows: 
(1) not justified in the mildly or critically ill 
patient; (2) best used in moderately severe 
myasthenic patients especially those with a 
radiologically enlarged thymus. In these pa- 
tients the clinical and x-ray response may fur- 
nish a useful prognostic guide in the event of 
anticipated surgery (thymectomy); (3) treat- 
ment must be in a hospital equipped with 
adequate facilities for special tests and the care 
of respiratory emergencies. 
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WIN 8077 in the Treatment of Sixty 
Myasthenia Gravis Patients’ 


A Twelve-month Report 


ROBERT S. SCHWAB, M.D. 


Boston, Massachusetts 


tablets of neostigmine bromide in the 
treatment of patients with myasthenia 
gravis there has been a continued search fer a 
better substance. One disadvantage of neo- 
stigmine is its short action; patients with severe 
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Fic. 1. Structural formulas of neostigmine, mestmon 
and WIN 8077. (From J. A. M. A., 158: 625, 1955.) 


cases have to take the medication every hour or 
so throughout a twenty-four-hour period. Even 
when this is achieved there may be a tend2ncy 
for the drug to lose its effectiveness towarc the 
end of this short interval. Furthermore, some 
patients are sensitive to this drug so that they 
have muscarinic effects of the cholinergic sub- 
stance when the dose is increased sufficiently high 
to neutralize the symptoms of myasthenia gravis. 

The use of belladonna preparations with each 
neostigmine dose, which would neutralize these 
unpleasant side effects, carries with it a certain 
risk. Dangerous toxic side effects can result when 
the warning signs of intestinal stimulation are 
thus hidden. 

In November, 1953, an entirely new prepara- 
tion"? was made available for experimental 
trial by the Sterling-Winthrop Foundation. This 


preparation, called WIN 8077,T is N,N’bis(2- 
diethylaminoethyl) oxamide bis-2-chlorobenzyl- 
chloride, whose structural formula can be 
compared with neostigmine and pyridostigmin. 
(Fig. 1.) This compound is a white crystalline 
powder with a molecular weight of 608 and a 
melting point of 184.3?c. It is very soluble in 
water and can be sterilized by heat without 
alteration of its properties. It has a strong anti- 
curare effect which is ten times that of tensilon 
and two to three times more than that of neo- 
stigmine and is of longer duration. Its anti- 
cholinesterase activity is nearly the same as 
neostigmine. No chronic toxic effects to the 
kidneys, liver or blood-forming organs were 
found in animal toxicity studies. Overdosage 
produced the same effects in animals as neo- 
stigmine, namely, vomiting, diarrhea and 
salivation. A preliminary report of its trial in 
myasthenia has already been made.? 


TECHNIG OF EVALUATION 


Like any new compound which has no known 
dosage levels in patients, the preliminary testing 
involved the use of minute amounts of the sub- 
stance. Intravenously, in doses under 50 ug., no 
demonstrable effect on a patient with known 
myasthenia gravis was noted. It was not until the 
intravenous level of 250 ug. was reached that 
definite antimyasthenic effect was obtained. 
With this information oral trial of the medication 
was started in a number of patients in order to 
determine an effective dosage level. The first 


1 This drug is now being processed for release by the 
Food and Drug Administration (January, 1956) under 
the name of mysuran?. 


* From tke Neurology Service and Myasthenia Gravis Clinic of the Massachusetts General Hospital, Boston, 
Mass. ‘This investigation was supported by a grant-in-aid from Winthrop-Stearns, Inc., New York, New York, who 


. kindly supplied the material used in this investigation. 
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form of the preparation WIN 8077 was a syrup. 
This allowed a gradual increment of dosage 
without the necessity of working with fractions 
of tablets. We found that some patients had a 
definite response with 5 mg. per dose while 
others required as much as 50 mg. With this 
information available we recommended the 
clinical evaluation of 10 mg. scored tablets and a 
syrup containing 3 mg./cc. Patients who were 
adequately adjusted to neostigmine were trans- 
ferred to the new preparation tentatively sub- 
stituting 744 mg. of WIN 8077 for 15 mg. of 
neostigmine bromide. The substitution was 
gradual at first so that patients continued to take 
both drugs during the period of adjustment. We 
found that this technic was not desirable since 
the two drugs seemed to have different lengths 
of action and there was a tendency for toxic 
side effects to occur too readily with this method. 
Subsequent changeovers involved abrupt switch- 
ing of the patient to the new compound and 
cessation of the administration of neostigmine. 
This method proved more satisfactory and did 
not involve the patients in undermedication for 
more than a day or two. 

Criteria for Effectiveness of the New Drug. A five- 
point numerical evaluation with 4, 3, 2, 1, 0 was 
used for scoring the value of this new compound. 
A top score of 4 goes to a drug which is ob- 
jectively effective against symptoms in a clear 
and certain manner when taken by a patient in 
the absence of any other drugs. However, if the 
drug produces side effects requiring the presence 
of another drug to neutralize them the clinical 
value would be only 3. In this category it is 
assumed that the beneficial effect of the second 
drug is only associated with neutralization of the 
side effects of the first, and has no specific 
properties against the symptoms of the disease. 
A score of 3 also requires unequivocable and 
objective evidence of effectiveness. Category 2 
applies to drugs which objectively assist another 
drug to improve the patient. Category 1 con- 
tains drugs that have a doubtful effect when 
linked with active compounds or a largely sub- 
jective one reported by the patient. Category 0 
contains drugs with absence of both subjective 
and objective data as evidence of effectiveness. 

In the study of WIN 8077 a sufficient number 
of patients taking only this preparation with 
definite objective improvement place this sub- 
stance in Category 4. 

Side Effects. Side effects from WIN 8077 are 
generally no different from those of neostigmine 
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and other cholinergic drugs used in the treat- 
ment of myasthenia gravis. Patients who are 
sensitive or receive too much of the drug com- 
plain of excessive salivation, cramps, intestinal 
peristalsis, diarrhea and frequency of urination. 
These muscarinic effects are less likely to occur 
than with neostigmine bromide. The excessive 
salivation with WIN 8077 occurs before cramps 
and diarrhea, suggesting that the drug is more 
specifically powerful as a secretory stimulant. 
Dangerous side effects associated with the begin- 
ning of cholinergic block occur with this drug 
sometimes before cramps and diarrhea are 
evident. These are slowing of the pulse, myosis 
of the pupils, fasciculatory twitchings of the 
muscles of the tongue, shoulder or arms, and 
gradual onset of weakness of all muscles. 

Precautions in Administration. It has been found 
that this drug has roughly twice the effectiveness 
per milligram of neostigmine in reducing the 
symptoms of myasthenia gravis, and approxi- 
mately twice the duration. This prolonged effect 
may persist for as long as six hours. It is for this 
reason that the use of this preparation requires 
more care than neostigmine in the avoidance 
of side effects. It is better to undermedicate the 
patients for a number of days in switching them 
over from neostigmine than to risk overstimula- 
tion which may be dangerous. When given 
parenterally, either intravenously or intra- 
muscularly. WIN 8077 exerts the same pro- 
longed effect as by mouth. Therefore, particular 
caution must be used with an injection of this 
preparation since the effect may last several 
hours, making such overdosage doubly hazard- 
ous. The author recommends that the drug not ` 
be used pzrenterally, without special precau- 
tions, until more data can be obtained. For 
further evicence of overdosage the cautious use 
of intravenous tensilon,? 2 mg., may be tried. 
A transient increase in symptoms confirms 
cholinergic overdosage. 

In any case of overdosage with WIN 8077 the 
prompt use of intravenous atropine sulfate, 
1 mg., temporary cessation of all cholinergic 
therapy, and use of a respirator if necessary may 
be life-saving measures. 


CASE REPORTS 


CASE IL. A twenty-seven year old man with 
myasthenia gravis of two years’ duration, in- 
volving ptosis and dysphagia, was successfully 
adjusted on neostigmine bromide (eight tablets 
per day). After a number of weeks an itching, 


736 


papular rash developed which bothered him 
considerably. This rash disappeared when the 
neostigmine bromide was removed. 'The patient 
had previously been sensitive to bromides by 
mouth. The physician in charge was at a loss 
to know any way in which the extreme sensi- 
tivity to bromine could be overcome in order that 
the patient's myasthenia gravis could be brought 
under control. WIN 8077 was substituted, five 
10 mg. tablets per day, and excellent neutraliza- 
tion of his myasthenia resulted. No skin reaction 
occurred and the patient has been receiving 
WIN 8077 for the past six months. This is an 
unusual sensitivity to the bromine in neostigmine 
bromide but it does illustrate one of the ad- 
vantages of WIN 8077. 

CasE n. A forty-three year old woman with 
myasthenia gravis for five years, involving ptosis 
and diplopia as well as general weakness, was 
extremely sensitive to adequate doses of neo- 
stigmine bromide. She had diarrhea and cramps 
if the dosage was at a therapeutically effective 
level. Mestinon bromide was substituted for 
neostigmine bromide and the gastrointestinal 
effects were not present, but the antimyasthenia 
effect of this preparation in this particular pa- 
tient was not as satisfactory as with neostigmine. 
She still complained of considerable weakness 
and diplopia when taking twelve 60 mg. tablets 
of mestinon bromide per day. She was changed 
over to WIN 8077 and immediately reported the 
same benefit she had had with neostigmine but 
without disagreeable gastrointestinal side effects. 
She was regulated on eight 10 mg. tablets of 
WIN 8077 per day without the appearance of 
any diplopia during the twenty-four-hour 
period. She has been maintained on this 
preparation for twelve months: without any 
need of altering the dosage or increasing the 
amount per day. 

Case nr A forty-seven year old woman in 
two months developed bilateral ptosis, diplopia 
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and some general weakness. An ophthalmologist 
diagnosed myasthenia by the prostigmin test 
which produced quite a severe gastrointestinal . 
upset. A tensilon test confirmed the diagnosis 
without any side reactions. The patient, because 
of her reaction to neostigmine, was started on 
WIN 8077 in liquid form, 3 cc. of the elixir 
four times a day, with excellent control of her 
ocular symptoms. When she tried the 10 mg. oral 
tablets of WIN 8077 she had cramps, nausea and 
anorexia. With the elixir for a second time, 9 mg. 
per dose (3 cc.), there were no side effects. These 
recurred when tablets were tried once more. 
She is now comfortably regulated with the 
liquid. 1t is difficult to be sure whether the 1 mg. 
difference in the dose or the physical form of the 
preparation is responsible for this marked dif- 
ference in tolerance. Some patients do much 
better on liquid medication and this case 
emphasizes the need of such a form for its 
administration. : 


CONCLUSIONS 


WIN 8077 is a new effective substance to use’ 
in the treatment of myasthenia gravis. It has 
been employed successfully in forty of a total of 
sixty patients during the past 12 months. The 
side effects are similar to neostigmine and 
mestinon but are less likely to produce gastro- 
intestinal disturbances when the therapeutic 
dosage is reached. It has a longer action than 
neostigmine and therefore it must be used with 
caution. Its parenteral use is not advised at this 
time. 
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(Pyridostigmine Bromide)’ 
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EOSTIGMINE has withstood the test of 
| \ | time and has long been the undisputed 
drug of choice for the treatment of 
myasthenia gravis.! It has been effective in the 
treatment of the great majority of patients with 
this disease, especially those with the milder 
types of myasthenia gravis for whom relatively 
small doses of neostigmine are necessary. 

The two chief disadvantages of neostigmine 
are its undesirable side effects such as gastro- 
intestinal distress and its relatively brief duration 
of action. A third and most important disad- 
vantage is that resistance to neostigmine may 
occur in severe myasthenia, so that even with 
increased dosages one cannot completely reverse 
the marked weakness of the patient. 

There are many new cholinergic drugs avail- 
able for research in myasthenia gravis today. 
One of these is mestinon® bromide (pyridostig- 
mine bromide), t which is a dimethyl carbamate 
of 3-hydroxy-l-methyl pyridinium bromide. 
Preliminary results obtained with mestinon in 
the Mount Sinai Hospital Myasthenia Gravis 
Clinic were recently reported.? At the present 
time there are 283 patients reported in the 
American literature? and fifty-six in the Euro- 
pean literature* who have received this drug. 
There are approximately 750 to 1,000 patients 
throughout this country who are now receiving 
mestinon therapy.? 

In evaluating any new drug therapy for 
myasthenia gravis, we believe the following 
criteria must be considered: (1) What is the 
duration of action of the drug? (2) What relief 
of myasthenic symptoms does it offer? (3) Is the 
drug non-toxic? (4) Can the drug be helpful 
when the patient is resistant to neostigmine? 


T The mestinon bromide used in this study was sup- 
plied by Dr. Thomas C. Fleming of Hoffmann-La Roche, 
Inc., Nutley, N. J. 


METHODS 


In the past year and a half eighty-one patients 
from the Myasthenia Gravis Clinic of the Mount 
Sinai Hospital have been treated with mestinon. 
The age and sex groups of these patients are 
listed in Table 1. The youngest age was thirty- 
eight weeks and the oldest eighty-three years. 


TABLE I 
AGE AND SEX DISTRIBUTION OF EIGHTY-ONE PATIENTS 


ae) Male (25) | Female (56) 

0-10 x 4 
11-20 2 5 
21-30 i 10 
31-40 4 24 
41—50 6 9 
51-60 8 4 
61—70 2 2 
71-80 2 

81-90 1 


The severity of myasthenia gravis in a patient 
was estimated on the basis of cholinergic medica- 
tion needed, but was classified also according to 
the economic usefulness of the patient to the 
community. Severe cases were considered to 
be those patients so affected by their myasthenia 
gravis that, despite therapy, they were bed- 
ridden or so weakened that they were unable 
to work; moderate cases were those patients who 
took relatively large doses of cholinergic medica- 
tion in order to function and required frequent 
periods of rest during the day; and mild cases 
were those patients who maintained their 
economic place in society, were fully employable, 
attended school, or performed housework re- 
gardless of dəsage of cholinergic medication, 
usually comparatively small. Our group of 
eighty-one patients before treatment with 


* From the Myasthenia Gravis Clinic and the Department of Medicine, The Mount Sinai Hospital, New York, N. Y. 
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mestinon fell into the following groups: se- 
vere, twenty-four; moderate, twemty-one; mild, 
thirty-six. 

Patients were admitted to the hospital for 
transfer from neostigmine to mesiinon and the 
technic of serial tensilon? testing? was used to 
secure a quantitative comparson between 
neostigmine and mestincn in the same subject 
and to determine any difference in the duration 
of action of the two drugs. Subsequently, pa- 
tients were given mestinon in the Clinic, merely 
substituting a 60 mg. tablet for each 15 mg. 
neostigmine tablet. More receatly we have 
started new patients directly on mestinon 
therapy in the Clinic. 

All of our patients have been studied by rou- 
tine x-rays of the chest for thymic enlargement, 
electrocardiography, radioactive iodine and 
blood iodine studies, frequent blood counts 
including platelet counts and, in many cases, 
bone marrow examinations. In addition, routine 
urinalysis and physical examinations are per- 
formed at each clinic session. The effect of 
mestinon on the hematopoietc system was 
thoroughly investigated. We Fave found no 
evidence of any alteration to date. 

The results of serial tensilon testing showed 
that the duration of action of mestinon is only 
slightly more protracted than -hat of neostig- 
mine (approximately one-half hour longer). 
Mestinon cannot be considered a longer-acting 
cholinergic medication. The frequency of its 
administration during the day shows no ap- 
preciable advantage over neostigmine. 

However, many patients, particularly those in 
the group with severe symptcms, were most 
gratified in that they could arise in the morning 
without severe myasthenic symptoms. This 
was most important to those patients receiving 
neostigmine who could not swallow their first 
morning dose because of dysphagia and therefore 
had to resort to an injection of neostigmine 
methyl sulfate to start the day. This nocturnal 
relief with mestinon has became increasingly 
apparent with further transference of patients 
so that now we do not prescrite mestinon dur- 
ing sleeping hours except on extremely rare 
occasions. 

Mestinon is more effective taan neostigmine 
in the relief of the small muscles innervated 
by the cranial nerves. Particular relief was 
noted in the muscles involved ia ptosis, diplopia 
and dysarthria. | 

A striking advantage of mestinon over 
neostigmine is in the marked reduction in the 
incidence of muscarinic side effects such as 


epigastric distress, abdominal cramps and diar- 
rhea, and in the relief of nicotinic side reactions 
such as skeletal muscle cramps. This reduction in 
side reactions was so pronounced that atropine 
could be discontinued in 75 per cent of the 
sixty-eight patients receiving atropine with 
neostigmine. 


TABLE N 
RESULTS BASED ON PRODUCTIVE CAPACITY IN EIGHTY-ONE 
PATIENTS 
Drug Administered Severe Moderate Mild 
Original medication: 
Neostigmine. (iesus 2.402% 24 20 33 
NODE ua sik rd ae uri ME erp Ü 1 3 
Final medication: 
MESHNON =. ose s ui ER B* 12 53 
Neo-mestinon combination ... 0 1 2 
WIN-mestinon combination... 2 2 0 
WIN SII. — dhe 1 


* Including five deaths. 


Schwab has commented on the possibility that 
in the absence of the early warning symptoms of 
overdosage special attention would be necessary 
to avoid cholinergic effects. We found no diff- 
culty on this account because the usual mus- 
carinic side reactions occurred as soon as 
overdosage of mestinon was reached. In fact, 
it is easier to avoid overdosage with mestinon 
than with neostigmine because of the wider 
range between therapeutic and toxic effect. 
Of course, in any question of doubt resorting to a 
tensilon test quickly resolves the problem.’ 
(Table 11.) 

Upon transfer to mestinon the twenty-four 
patients who were considered severely in- 
capacitated while treated with neostigmine 
showed such an improvement that fourteen of 
them could be reclassified in the moderate or 
mild group. Of twenty-one patients who were 
originally in the moderate group, six were so 
improved as to fall into the mild group. Thus, 
45 per cent were improved enough to overcome 
their economic liability to their families and to 
the community. 

Thirty-one patients had excellent results in 
that their myasthenia was improved. Twenty 
pauents had good results in that improvement 
in myasthenic symptoms occurred but was not as 
notable as in the excellent group. Eight patients 
found no difference in the action of neostigmine 
and mestinon, and five patients preferred 
neostigmine to mestinon. In addition, there 
were four remissions in the group of eighty-one 
patients. (Table rrr.) 

Some patients in the severe group, when first 
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transferred to mestinon, did not seem to be 
improved in any noticeable degree. However, 
with the continued use of mestinon over many 
months, there was a gradual but marked im- 
provement in these patients. Of course, in a 
disease characterized by remissions one is 
reluctant to attribute the improvement to a 


TABLE M 
COMPARATIVE RESULTS OF MESTINON TO NEOSTIGMINE BASED 
ON IMPROVEMENT IN MYASTHENIC SYMPTOMS 


Neo- WIN 8077- 
Results Mestinon Mestinon Mestinon WIN 8077 
Combination | Combination 
Excellent. .... 31 2 1 1 
Good. ....... 20 1 2 
No difference. . 8 
PODE. 42s 5 1 
Deaths....... 6* 
Remissions.... 4 


* See text regarding one death which appears twice in tabie. 


drug. Nevertheless, the type of improvement 
seen was not that typically observed in a 
remission. 

Attempts were made to improve the effec- 
tiveness of mestinon in patients in whom an 
excellent result was not obtained. Ephedrine 
sulfate, 3g to 34 gr. (25 to 50 mg.), was added to 
the maintenance dose of mestinon without any 
apparent improvement. 

A number of patients were given a mixture 
of neostigmine and mestinon on a one-to-one or 
one-to-two basis in an attempt to increase limb 
strength and to give the “lft? which they 
desired. We were able to achieve two excellent 
results and one good one using this combination. 

In view of a marked increase in limb strength 
noted with WIN 8077,* we tried this drug alone 
and in combination with mestinon in twelve 
patients. One excellent result was obtained with 
WIN 8077 alone and one excellent, two good 
and one poor result with combined WIN 8077 
and mestinon therapy. We have no évidence of 
any synergistic action of neostigmine and 
mestinon, and apparently none between WIN 
8077 and mestinon. 

To the present time we have not found 
mestinon, WIN 8077 or any mixture of drugs 
effective when a patient is resistant to neostig- 
mine. 

There were six deaths in myasthenic crisis in 
the severe group; one of these occurred when a 
patient was admitted to another hospital and 
was not recognized as a myasthenic. Cholinergic 
medication therefore was not given. 


* Mysuran.? 
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Our mortzlity rate is 6.3 per cent. There have 
been instances when acute myasthenic crisis was 
relieved by mestinon, due to the marked de- 
crease in side reactions which permitted the use 
of larger doses of mestinon without severe and 
uncomforta He muscarinic distress. 


COMMENTS 


We have tried to answer the four criteria pro- 
posed in evaluating any new drug therapy for 
myasthenia gravis: (1) As to the duration of action 
of mestinon, we find it only slightly longer- 
acting during the diurnal hours and therefore of 
no appreciable advantage over neostigmine. 
However, the effect during the nocturnal hours 
is much more prolonged with mestinon, permit- 
ting the patient a full night’s sleep. (2) Mestinon 
gives marked relief from myasthenic symptoms, 
particularly those of the bulbar type. Results 
were excellent or good in 72 per cent of our 
series. Forty-five per cent of our patients in the 
severe and moderate groups were so improved 
as to overcome their economic liability. (3) 
Mestinon is cefinitely less toxic than neostigmine; 
this is one of its most striking advantages. (4) 
Through its lack of toxicity mestinon can be 
helpful on occasions when the patient is resistant to 
neostigmine. =owever, as yet we have no drug or 
combination of drugs which is effective when a 
patient in a myasthenic crisis is resistant to 
neostigmine. 

Although mestinon is not the long-acting 
drug that we hoped to find, it is a valuable step 
forward in the search for the ideal drug in the 
treatment of myasthenia gravis and for the 
reasons already given, a superior drug to 
neostigmine. We still need a drug that is long- 
acting for tke entire twenty-four hours of the 
day and onein which resistance does not develop. 
This search will be continued. 
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| Management of Myasthenic and 


Cholinergic Crises 


J. E. TETHER, M.D. 


Indianapolis, Indiana 


HE term crisis, as-applied to myasthenia 

gravis, usually implies failure of muscles 

concerned with respiration and/or de- 
glutition to such an extent that neither function 
can be maintained without mechanical aids. 
A true myasthenic crisis may occur in an un- 
treated or insufficiently treated patient with 
severe myasthenia. Apparent resistance to 
antimyasthenic drugs develops in an occasional 
patient, resulting in crisis. 

Only recently have we recognized that 
cholinergic drugs in excess can bring about a 
crisis.‘ This cholinergic crisis may be difficult to 
distinguish from true myasthenic crisis. It is 
possible that many patients previously thought 
to be in crisis due to drug resistance were 
actually in cholinergic crisis. 

Grob et al.? were the first to report the 
syndrome of cholinergic crisis in non-myas- 
thenics exposed to anticholinesterase insectides, 
and later, to “nerve gas."? He classified the 
symptoms as muscarinic, nicotinic and central 
nervous system in type. Muscarinic symptoms 
and signs, in orcer of severity, include anorexia, 
salivation, nausea, sweating, lacrimation, blurred 
vision, miosis, abdominal cramping, diarrhea, 
tenesmus, urinary frequency, excess bronchial 
secretion, dyspnea, substernal pressure, pul- 
monary edema and incontinence of bowel and 
bladder. Nicotinic symptoms and signs include 
muscle fasciculations, “thick tongue" with 
slurred speech, dysphagia, muscle cramps, 
generalized muscle spasms and weakness. Cen- 
tral nervous system symptoms and signs include 
restlessness, anxiety, giddiness, vertigo, head- 
ache, confusion, stupor, coma and convulsions. 

Neostigmine overdosage may produce prac- 
tically all of these symptoms. However, when it 
occurs suddenly muscarinic symptoms and even 
fasciculations may be absent, and paralysis of 
muscles of deglutition and respiration may come 
on rapidly. This may resemble myasthenic crisis 
so closely that the desperate patient or physician 
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may add even more neostigmine, with disastrous 
results. Cholinergic crisis is a greater threat to 
myasthenics who have especially weak pharyn- 
geal and respiratory muscles, and to severe 
myasthenics with a fluctuating course who might 
fail to match a sudden remission with a rapid 
decrease in dosage. 

In our series there are 186 severe or moder- 
ately severe myasthenics. This is the type of 
case in which crisis may be expected. Of these, 
from 1942 to December, 1954, twenty (10.8 per 
cent, thirteen females and seven males) have 
experienced crises, from which sixteen (8.6 per 
cent) failed to recover. Four have survived, three 
of them within the past two years. Duration of 
myasthenia before crisis ranged from six months 
to fifteen years, averaging 3.12 years. Onset of. 
symptoms in practically all cases was rapid and 
severe, and in many the course of the disease was 
fulminating. All patients were receiving neo- 
stigmine at the time of crisis except one who was 
taking mestinon and the last three who were 
receiving WIN 8077. 

Of the sixteen fatal cases, eight died suddenly. 
The remaining eight were treated in respirators 
from eighteen hours to twenty-one days. Two of 
these recovered from one crisis, only to die from 
a later one. Postmortem examinations were 
obtained in seven cases. In four, involuted 
thymuses were found. Two had small benign 
thymomas, one had an “‘involuted thymus with 
hyperplastic nodule.” In only two were lymphor- 
rhages found. In retrospect, it seems apparent 
that more than half of these fatal crises were of a 
cholinergic nature. 

Of the four patients who recovered, three 
were treated in respirators; the fourth required 
only tracheotomy and suction. One of these 
patients was certainly in cholinergic crisis; in 
two this condition was probable. Myasthenic 
crisis developed in the fourth induced by 16 mg. 
of curare given at surgery to a previously 
undiagnosed myasthenic. 
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One of these patients, a twenty-four year old 
pregnant white woman, ‘was hospitalized on 
December 8, 1952, for delivery. Her oral 
neostigmine dosage had risen to 215 tablets 
(3,225 mg.) daily. During an eight-hour labor 
she was given 4 mg. per hour parenterally. 
She was delivered of a vigorous 8 pound boy 
by mid-forceps. Thirty-six hours later he be- 
came obviously myasthenic. For ten days he 
required neostigmine but has not needed it 
since. Two days after delivery the mother 
suddenly stopped breathing. She became un- 


conscious and deeply cyanotic but her pupils. 


were miotic and her pulse was 80. Tracheal 
intubation was difficult as her jaws were 
powerfuly clenched. She was placed in a 
respirator and given atropine, 1.2 mg. in- 
travenously, and oxygen, with improvement. No 
neostigmine was given for twenty-four hours, 
during which time she continued to improve. 
Then she began to show increasing weakness 
which was relieved by small doses of neostig- 
mine. She required the respirator intermittently 
for fifteen days. Since then her oral neostigmine 
dosage has varied between 50 and 100 tablets 
(750 to 1,500 mg.) daily. It would seem thai this 
patient had a sudden partial remission after 
delivery but that her dosage was not reduced 
accordingly, thus precipitating a typical cholin- 
ergic crisis. | 


TREATMENT OF CRISIS 


Whenever a myasthenic fails to clear secre- 
tions or to breathe adequately tracheotomy or 
tracheal intubation followed by tracheotomy 
should be performed. This insures an airway 
through which oxygen can be given and secre- 
tions can be aspirated. A respirator should be 
used without hesitation should voluntary breath- 
ing seem inadequate. 

At this point an effort should be made to 
determine whether crisis is on a myasthenic or 
cholinergic basis. If excess secretions and/or 
miosis or relatively slow pulse are found, 
atropine 1.2 mg., should be given intravenously 
and repeated as long as these conditions are 
present. Although atropine will not relieve 
cholinergic weakness, it will alleviate most of the 
muscarinic symptoms. If no improvement occurs 
with atropine, tensilon? should be given accord- 
ing to the method of Osserman.* His most 
recent modification? consists of administration 
of 0.2 cc. (2 mg.) intravenously with the needle 
left in place. If improvement occurs, the crisis is 
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probably myasthenic and the patient will 
undoubtedly respond to heavier dosage of 
cholinergic drugs. However, if muscle fascicula- 
tion appears, the crisis is probably cholinergic. 
Should no effect occur within thirty seconds, 
another 0.8 cc. is given. If muscle fasciculation 
and/or no improvement follow, cholinergic 
weakness should be suspected. 

The course of one of our patients, a thirty-two 
year old Negro man who eventually died, 
illustrates the value of tensilon in differentiat- 
ing myasthenic from cholinergic crisis. T'wo 
years previously he had survived a crisis. À year 
later another occurred, followed by frequent 
crises and intermittent psychotic episodes for 
seven months in which, without tensilon, it 
would probably have been impossible to keep 
him alive. During this time respirator care was 
repeatedly necessary. Because of his mental con- 
dition he was never able to differentiate under- 
dosage from overdosage. We were able to do 
this with tensilon and his therapy was regulated 
accordingly, with reasonable accuracy. 

Grob?^? has emphasized that in cholinergic 
crisis atropine tolerance and need is tremendous, 
and doses up to 2 mg. may and should be given 
intramuscularly at hourly intervals until signs 
of atropinization occur. He further advises,? 
and we agree, that cholinergic medication 
should be stopped until improvement occurs, 
followed by a return of weakness, at which time 
it should be cautiously resumed. 

While the patient is in the respirator nothing 
should be given by mouth. Fluid and food 
requirements should be met by intravenous 
feedings, with a wary eye to fluid and electrolyte 
balance. However, as soon as the respirator is not 
constantly necessary, tube feeding may be used. 
Small amounts should be given frequently, and 
aspiration should be done before each feeding . 
to guard against gastric retention. Antibiotic 
therapy should be started immediately and 
continued as long as a respirator is necessary, 
or as long as the patient coughs ineffectively. 
Should signs of atelectasis or any bronchial 
obstruction appear, bronchoscopy may prove to 
be life saving. Aranow? describes excellent 
results using mechanical exsufflation with 
negative pressure to prevent these conditions. 
He also warns against overventilation in the 
respirator and advises that CO, tension be 
checked frequently to avoid this hazard. 

Cholinergic therapy should vary with the 
needs of the patient, and may be guided by 
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tensilon tests. Should any doubt exist as to 
adequacy of dosage, it is far better to underdose 
than to overdose. Mestinon? would seem to be 
the drug of choice for respirator patients because 
it produces less stimulation of flow of secretions 
and. gastrointestinal activity. When cholinergic 
drug dosage requirements have stabilized, they 
may be given with intravenous fuids by con- 
tinuous drip, as first recommended by Viets.® 
Atropine may be given as necessary to control 
excess secretions, but too much drying should 
be avoided. Morphine should not de given since 
cholinergic drugs potentiate its action.? Demerol? 
and barbiturates seem well tolerated, however, 
and are useful in allaying the extreme discom- 
fort and anxiety present in crisis. 


PREVENTION OF CRISES 


In such a variable condition as myasthenia, 
rigid dosage schedules can never give adequate 
control. In no condition is it more important 
to teach each patient to vary dosage according to 
needs. 

Patients should be taught to recognize cholin- 
ergic side effects and should be given atropine or 
belladonna to combat them should they occur. 
However, as emphasized by Schwab,’ no 
severe myasthenic should ever take regular 
doses of atropine or belladonna to anticipate or 
prevent side effects without full knowledge of the 
danger of such a procedure. These drugs obscure 
or prevent such muscarinic symptoms as 
abdominal cramping, diarrhea, salivation and 
miosis. These are valuable signs of cholinergic 
overdosage; and, if present, warn the patient 
against taking more medication and thus 
precipitating cholinergic crisis. Unfortunately, 
muscarinic symptoms do not always appear be- 
fore the onset of cholinergic crisis. However, 
patients who have experienced cholinergic 


weakness describe it as a peculiar “quivery”’ 
sensation, often accompanied by unusual dys- 
phagia and dyspnea. Some patients also 
experience cramping or “‘tightness’’ of muscles.? 

Because infection often precipitates crises, 
severe myasthenics should be supplied with an 
effective oral antibiotic for use at the first sign of 
infection. 

In conclusion, it is this author's opinion that 
when drugs with more anticurare and less 
anticholinesterase activity become available, 
crises, both myasthenic and cholinergic, will 


become rare or non-existent in the treatment of 


myasthenia gravis. 


SUMMARY 


1. Crisis in myasthenia gravis is of two main 
types: True myasthenic crisis due to insufficient 
medication or drug resistance; and cholinergic 
crisis due to excess of cholinergic drugs. 

2. Cholinergic crisis is a greater threat to 
myasthenics with especially weak pharyngeal 
and respiratory muscles, and to severe cases with 
a fluctuating course. 

3, Differential diagnosis, treatment and pre- 
vention of crisis in myasthenia gravis are 
briefly presented. 
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GUTE yellow atrophy of the liver is a 
A literal translation of the German 
term, akute gelbe Leberatrophie, and it is 
construed as implying an illness of short duration 
and fatal outcome. The signs and symptoms of 
liver failure dominate the clinical picture, and 
jaundice is almost invariably present. The liver 
is usually found at autopsy to be smaller than 
average, soft, yellow, and to show microscopic 
evidence of acute lesions. Clinical entities such as 
subacute yellow atrophy and healed acute 
yellow atrophy have also been described; 
the implications of the terms in regard to the 
clinical features and the pathologic observations 
associated with them are obvious. Although one 
customarily associates acute yellow atrophy with 
fulminant epidemic viral hepatitis, this is not the 
only etiologic background for the development 
of the sequence of clinical events and anatomic 
findings. Similar phenomena have been noted 
in homologous serum jaundice (presumably 
caused by a virus somewhat different from that 
causing epidemic hepatitis), acute intoxications 
from arsenic, phosphorus, chloroform and 
carbon tetrachloride, Weil’s disease (leptospiral 
hepatitis), and certain malnutritional condi- 
tions upon which some other additional (and 
unknown) factor is superimposed, such as 
kwashiorkor, etc. Certain experimentally in- 
duced dietary deficiencies produce a pathologic 
picture not dissimilar to that seen in kwashiorkor. 
Formerly, acute yellow atrophy of the liver 
used to be listed among the toxemias of preg- 
nancy until it was recognized that most of such 
cases were merely fulminant epidemic hepatitis 
complicating pregnancy, and that the liver of 


pregnant women is damaged more readily and 
with greater severity by viral hepatitis than that 
of non-pregaànt women. Frucht and Metcalfe! 
found that mfectious hepatitis carried a higher 
mortality and a greater tendency to produce 
chronic liver damage when it occurred in 
pregnancy than when it occurred in non- 
pregnant women. Dill? reviewed the relevant 
literature and presented six fatal cases of acute 
yellow atrcphy during pregnancy. He con- 
cluded thai they were identical with severe 
infectious hepatitis. Implicit in his argument is 
the idea thet acute yellow atrophy is an entity 
regularly ecuatable with severe forms of infec- 
tious hepatitis rather than a type of liver lesion 
which may develop following a variety of 
pathogenetiz sequences. It is of some importance 
to note that it is generally possible to distinguish 
nosologically among these various etiologies 
of acute yel'ow atrophy by careful evaluation of 
the morbid anatomy of the liver. To this group of 
etiologic backgrounds may be added the 
*hepatorenal syndrome,” an ill defined clinical 
entity in which death ensues after a short illness 
characterized by rapidly developing hepatic 


and renal decompensation. This syndrome 


embraces a wide variety of clinical phenomena 
and under its label is included a congeries of 
equivocal h.stopathologic changes. 

In 1940 Sheehan? described a condition under 
the term “obstetric acute yellow atrophy" which 
he distingvished on histopathologic grounds 
from the more usual varieties of acute yellow 
atrophy. He was able to collect six cases of 400 
autopsies on file at an obstetric hospital: Al- 
though he did not describe each case indi- 


*From the Departments of Pathology, Boston Lying-in Hospital, Faulkrer Hospital, Milton Hospital, and Harvard 
Medical School, Boston, Mass. 
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vidually, his summation of the clinical and 
pathologic features is worth quoting in part. He 
states “‘Clinically the condition was very sug- 
' gestive of true acute yellow atrophy. The usual 
course of the disease was as follcws. At 36 to 
40 weeks there was a sudden onset of severe 
vomiting and epigastric pain, followed in a few 
days by jaundice. These symptoms progressed 
very rapidly, the jaundice becoming very intense, 
the vomit was of coffee-grounds appearance, and 
headache was sometimes present. After 7—12 
days the patient was delivered cf a still-born 
foetus, became comatose, and died within three 
days after delivery. . . . At autopsy . . . the 
liver was yellow and rather small (1,040 to 1,300 
grammes). Its lobular pattern was not lost. 
Microscopically all the cases showed an identical 
lesion: there was a gross fatty change affecting 
the entire lobule except a sharply defined rim of 
normal cells about the portal tracts. The affected 
cells were bloated by a fine foam of tiny fatty 
vacuoles throughout the cytoplasm, so that they 
resembled the cells of the suprarenal cortex. The 
nuclei were normal, and there was an entire 
absence of necrobiotic change . . . round cells 
throughout the fatty area. . . . The kidneys 
did not show any microscopic lesions, and in 
the two cases in which Sudan-stzined sections 
were available, there was not any fatty change in 
the first convoluted segment." 

Shechan pointed out the paucity of reported 
cases in which this lesion was present prior to his 
publication. He cited the two cases described by 
Cullinan‘ in the appendix to his series of cases 
of “subacute necrosis of the liver" and the case 
reported in some detail by Stander and Cadden* 
as the only instances in which there was adequate 
documentation by pathologic examination of the 
presence of this distinctive lesion. Sheehan 
stressed the absence of necrosis as the most 
significant observation in his microscopic ex- 
amination; whereas Stander and Cadden had 
indicated that they interpreted the fatty changes 
in the liver cells as a stage preceding necrosis, 
Sheehan pointed out that necrosis of paren- 
chymatous organs which occurs zs a result of 
slowly acting toxins is quite manifest histolog- 
ically within two or three days, and that the 
patients with “‘obstetric acute yellow atrophy" 
survived for ten to fourteen days, exhibiting 
neither necrosis of liver cells nor any histologic 
indication that necrosis might have developed if 
they had lived longer. Sheehan also stated, 
“The pathological change in the livers of patients 
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who die is of a reversible kind: if any of these 

patients had recovered, the liver cells could have : 
returned to normal appearance within a few 
days. But, if a patient recovers, the diagnosis 
cannot be established with certainty, in view of 
the numerous other possible causes for jaundice.” 

Stander and Cadden present the details of the 
clinical and laboratory findings in a typical 
case of “obstetric acute yellow atrophy” stating 
that if, in the presence of persistent vomiting, 
dizziness and headache occurring in a pregnant 
woman, especially near term, icterus and drowsi- 
ness appear, it is almost certain that severe 
liver damage is present and that the prognosis is 
grave. The laboratory findings are those asso- 
ciated with severe, acute liver damage, irrespec- 
tive of cause, and include increased serum 
bilirubin, decreased blood sugar, decreased 
blood urea nitrogen, increased blood uric acid, 
increased blood amino acids and decreased urea 
nitrogen in the urine. In regard to the pathologic 
observations upon the liver at autopsy, they 
point out that the liver cell nuclei are well 
preserved and that there is no frank necrosis to 
accompany the intracytoplasmic accumulation 
of fat within the liver cells. 

Subsequent to Sheehan’s report, Whitacre and 
Fang$ presented a case of jaundice in pregnancy 
in which the microscopic appearance of the liver 
lesions as seen in two biopsies is identical with 
that described by Sheehan as well as by Cullinan 
and by Stander and Cadden. Their patient was 
a thirty year old Chinese, gravida 11, para I, in 
whom weakness and anorexia developed fol- 
lowed by the onset of a respiratory infection, 
epigastric discomfort and vomiting of a “coffee- 
ground” material four weeks before term. She 
was icteric on admission, mentally dull, drowsy 
but conscious. She had moderate labor pains for 
four hours without progress, and her drowsiness 
increased to stupor. A cesarean section was per- 
formed and a live baby was delivered. The 
patient's liver was found to be of normal 
appearance and size, and a biopsy was per- 
formed. On the seventh postoperative day, a fit 
of coughing produced dehiscence of the abdomi- 
nal incision with extrusion of loops of bowel. A 
secondary closure was performed and at this 
procedure the liver was seen to be smaller than 
before, distinctly yellow, and another biopsy 
was performed. The subsequent course was 
stormy, being complicated by another wound 
dehiscence, two profuse gastrointestinal hemor- 
rhages, and shock. However, she responded to 
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treatment and recovered. Her jaundice di- 
minished gradually and disappeared three weeks 
following hysterotomy. Tests of liver function 
showed impairment for five weeks after cesarean 
section. During the acute phase of her jaundice 
she had a low blood sugar and a low blood urea 
nitrogen, a transient increase in blood amino 
acids, a moderate elevation of blood uric acid 
and a low urinary nitrogen. These determina- 
tions confirm those described previously by 
Stander and Cadden. 

Histopathologic interpretations in this case 
rest upon the two liver biopsies. The liver tissue 
removed at the time of cesarean section, when 
the hepatic damage was presumably maximal, 
showed well preserved lobular architecture. The 
liver cells in the central three-fourths or four- 
fifths of each lobule were swollen and clear, 
containing large amounts of fat and some 
clumped granular material near each nucleus. 
The cells at the periphery of the lobules were 
less clear, had less distinct cell borders, and were 
free of fat. A small amount of yellow pigment 
(presumably bile) was present in some of the 
central clear cells as well as in an occasional von 
Kupffer cell. A few lymphocytes and incon- 
spicuous polymorphonuclear leukocytes were 
present in the portal spaces but the bile ducts 
were normal. There was no evidence of cell 
necrosis. ‘The second biopsy, seven days later, 
showed substantially the same general features 
as the first except that the central clear zone of 
fat-containing cells was smaller; occupying only 
one-half of the diameter of the lobule, a slightly 
more conspicuous infiltration of polymorpho- 
nuclear leukocytes, lymphocytes and plasma 
cells, and the presence of mitotic figures in a zone 
lying between the central clear-cell area and the 
unaffected peripheral area. Whitacre and Fang 
were unwilling to accept this case as fitting into 
the group described by Sheehan, stating, 
*Sheehan reported 6 fatal cases very similar, if 
not identical, to this one as-a separate entity 
apart from true acute yellow atrophy and sug- 
gested the name ‘obstetric acute yellow atrophy.’ 
We are not willing to do this on the basis of 
present knowledge, because the clinical course 
is identical, and the location and general type of 
lesion are the same. We may have to change our 
conception, but at this time it seems to be 
a matter of degree; that is, acute fatty degenera- 
tion of the liver is one stage in the process of 
necrosis, It seems reasonable to conclude that a 
dose of hormone, toxin, poison, infection, or 
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combination of these factors could be insufficient 
to cause actual necrosis but still be sufficient to 
be usually fatal." i 

Of the six cases reported by Dill? Case 1 
(previously reported by Stander and Cadden) 
can be equated histologically with the cases 
described by Sheehan,? and Cases rv and vi 
present a comparable picture but cannot be 
assessed accurately because of the lack of a 
detailed report of microscopic observations. 

It is of some value to note that LaDue, 
Schenken and Kuker’ reported a case of phos- 
phorus poisoning with recovery in which re- 
peated aspiration liver biopsies were performed. 
The patient, a sixty-one year old white man, had 
swallowed an ounce of roach paste containing 
2 per cent phosphorus and promptly developed 
signs and symptoms of acute intoxication with 
severe jaundice and other signs of severe liver 
damage. Aspiration biopsies were performed as 
late as the thirty-third, forty-fifth, eighty-sixth 
and 191st days after ingestion. Even as late as the 
thirty-third day areas of focal necrosis were 
present, and accumulation of fat in the form of 
both fine vacuoles and a clear type of cytoplasm 
were present in decreasing quantity as long as 
six months later. The earliest stages of healing 
by fibrosis were first seen in the biopsy at forty- 
five days after ingestion. 

There is one other reported case which ap- 
pears to corform in some respects to the group of 
cases isolated by Sheehan. Nixon, Egeli, 
Laqueur and Yahya® studied a group of twenty- 
one pregnant women, twelve with jaundice, in 
whom aspiration biopsies of the liver were 
performed. Their Case No. 20, a thirty-five year 
old primipara who developed pre-eclampsia at 
thirty-six weeks and gave birth twelve days 
later after medical treatment had rendered her 
normotensive and non-albuminuric, developed 
jaundice on the fourth postpartum day. A liver 
biopsy was performed at this time. Marked 
edema of the legs, hypertension and slight 
albuminuria developed the next day and she 
had three convulsions. On the sixth postpartum 
day she died with hyperpyrexia. At autopsy the 
liver weighed 860 gm., was of normal consistency 
and free from hemorrbage; the cut surface was 
tan and showed “small lighter stained areas 


evenly distributed." Microscopic examination of 


both the aspiration biopsy and the liver post- 
mortem. showed intact liver cell trabeculae and 
no necrosis. The liver lobules contained cells of 
two types: large polygonal cells with a clear 
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cytoplasm and regular, mainly vesicular nuclei, 
and large irregularly shaped cells with small 
nuclei and protoplasm very light and full of 
small vacuoles. Presumably, these cells con- 
tained fat and correspond to the cells described 
by Sheehan and the other authors cited. The 
presence of the antecedent unprovoked toxemia 
followed by apparent recovery, the recurrence of 
hypertension, albuminuria, edema and con- 
vulsions coincident with the onset of jaundice, 
make this case somewhat atypical in the small 
series of cases reviewed, hence difficult to 
evaluate. Nixon et al. considered the lesions as 
"change which could not be explained except 
by some kind of acute intoxication resulting in 
fatty degeneration. Such changes are seen in 
acute phosphorus poisoning. It is possible tbat 

this case was one of sudden functional break- 
. down of the liver owing to the strain of this 
particular pregnancy." 

The three cases which serve as the basis for this 
article will illustrate certain of the clinical fea- 
tures of the course of this disease and are de- 
signed to serve as a point of departure for a dis- 
cussion of certain of the pathologico-anatomic 
considerations which underlie an attempt to 
evaluate the disease process. Inevitably, certain 
questions wil be asked which cannot be satis- 
factorily answered. It is hoped that such inter- 
rogations and speculations as are made will 
serve as a stimulus for further investigation and 
elucidation. 


CASE REPORTS 


Case r Mrs. E. B. (C.C.M.H. No. 34499), 
a twenty-four year old white, gravida n, para 1, 
E.D.C. (expected date of confinement) about 
July 1, 1944, was admitted on May 14, 1944, 
because of nausea and vomiting of about two 
weeks’ duration. These symptoms had been 
present over the entire period and had become 
more severe during the few days before admis- 
sion. She noted that she had become jaundiced 
and estimated the onset of a yellowish tint to her 
skin as of about nine or ten days’ duration. 
Jaundice had been slight at first but had become 
progressively more intense, and generalized 
"pruritus had developed. These symptoms were 
accompanied by diffuse, poorly localized ab- 
dominal pain which was constant but not in- 
tense. The patient had noted that her stools had 
become extremely light, almost clay-colored, 
and that her urine had become very dark. 
Repeated questioning of the patient and her 
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husband failed to elicit a history of poor diet 
alcohol intake or exposure to possible livei 
toxins. 

Physical examination revealed generalizec 
icterus and dehydration. The abdomen wa: 
enlarged to a size consistent with a seven anc 
one-half months’ pregnancy, with the fetus ir 
L.O.A. position! Soft distention and diffuse 
tenderness, morej,marked in the right upper 
abdominal quadrant, were observed. The live: 
edge and spleen were not palpable. There were 
no ecchymoses or purpuric manifestations. 
There was no suprapubic pain or tenderness. 

On admission her temperature was 98°F.. 
pulse 96, respirations 20, blood pressure 118/74. 
The admission urine specimen had a specific 
gravity of 1.017, was dark amber, acid, free fror 
sugar or acetone, contained bile and a trace o: 
albumin. The hemoglobin was 88 per cent, rec 
blood count 4.73 million, white blood coun 
19,500 with 87 per cent polymorphonucleai 
leukocytes, 12 per cent lymphocytes and 1 pei 
cent monocytes. A rare normoblast was found. 
The icterus index was 100. Examination o! 
her vomitus was positive for occult blood anc 
bile. The patient was treated with intravenous 
fluids, vitamin B complex, vitamin K, and giver 
a high carbohydrate, high protein diet. 

The day following admission she went intc 
spontaneous labor and was delivered rapidly. 
almost precipitately of a 5 pound, 15 ounce girl. 
The membranes ruptured during the second 
stage of labor. No lacerations were incurred at 
delivery. A moderate amount of postpartum 
bleeding occurred, which ceased after injection 
of 3 ampuls of ergotrate.9 

The day following delivery the hemoglobir 
was 62 per cent, red blood count 3.13 million, 
white blood count 32,000 with 77 per cent poly- 
morphonuclear leukocytes, 5 per cent lympho- 
cytes and 2 per cent monocytes, and a few nu- 
cleated red cells were found. Again the vomitu: 
was positive for occult blood and bile. The same 
day the urine was still dark amber and acid, had 
a specific gravity of 1.020 was free from sugar ot 
acetone, but was positive for bile, and had a trace 
of albumin. Following delivery her conditior 
became worse. Vomiting was more severe anc 
jaundice increased. She was treated witk 
transfusions of compatible blood, Wangensteer 
suction, intravenous glucose solutions, as well a: 
supplementary vitamin B complex and vitamir 
K. She became stuporous and irrational. He: 
temperature rose to 105.4^r., pulse 150, respira- 
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tions 40 and shallow, and she died on the 
fourth postpartum day. 

At birth, the infant appeared to be in good 
condition but respiratory difficulties soon super- 
vened necessitating vigorous treatment for what 
was diagnosed as *'atelectasis." Although the 
infant recovered from this episode and is now 
living (age ten), she exhibits signs of mental 
retardation and emotional disturbance. 

Gross observations (B.L-i.H. No. A-44-23): 
The postmortem examination was limited to the 
contents of the abdomen and pelvis. The most 
significant findings were in the liver and kidneys. 
The uterus was compatible in size and con- 
figuration with a four days’ postpartum appear- 
ance, and there was no failure of the placental 
site to heal. Between 3,000 and 4,000 cc. of bile- 
stained fluid were present in the peritoneal 
cavity. There was moderate to marked edema of 
the duodenum and jejunum. The retroperitoneal 
tissues were also edematous and the lymph nodes 
in this area were enlarged, soft and juicy. The 
gallbladder was not thickened and contained no 
calculi; bile was easily expressed into the 
duodenum along the biliary tree, and dissection 
of the biliary tree revealed no obstruction. The 
ampulla of Vater was located in the third part 
of the duodenum rather than the second. The 
liver was not remarkable in shape but no weight 
is recorded. However, the liver edge was 
rounded. The capsule was thin, translucent 
and tense. On external inspection the liver 
markings were moderately distinct and the 
color varied from reddish gray to putty-colored. 
The cut surface showed increased prominence 
of the liver markings, and was pale greenish 
brown with a yellowish cast. No gross evidence 
of intrahepatic biliary obstruction was found. 
The bile in the smaller biliary ducts was dark, 
concentrated and mucoid. 

The kidneys weighed approximately 110 gm. 
apiece. The capsule was somewhat thicker than 
usual but stripped with ease revealing a peculiar, 
congested, somewhat icteric capsular surface. 
Sagittal sections showed the usual gross renal 
architecture. The cortex was strikingly pallid 
and measured 7 mm. The medullary markings 
and striations were not remarkable. The mucosa 
of the pelvis was congested and the pelvis con- 
tained a small amount of turbid, icteric urine. 

Microscopic observations: Sections of the 
liver stained with hematoxylin and eosin showed 
that the lobular architecture was well preserved 
insofar as the spatial relationship of central 
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veins to portal areas was concerned but the 
individual lebules were swollen, compressing 
the interlobular boundaries so that the zone 
between lobules was indistinct. With the excep- 
tion of a diseontinuous thin rim of apparently 
normal liver cells at the periphery of the lobule, 
the entire lobule was composed of swollen vacu- 
olated liver cells. (Fig. 1A.) The parenchymal cells 
were arranged in the usual trabecular pattern, 
and the relationship of liver cords to sinusoids 
was preserved. The conspicuous change was in 
the cytoplasm of these cells; almost every cell 
contained a myriad of fine vacuoles which were 
separated from each other by delicate eosinophilic 
cytoplasmic strands. (Fig. 1B.) Coalescence of 
vacuoles was not a prominent feature, and large 
single vacuoles pushing the nucleus to one side, 
producing a signet ring appearance, were not 
seen. The nucieus was almost invariably in the 
center of the cell. The nuclei appeared slightly 
smaller than average but this may have been 
more apparen- than real because of the in- 
creased cytoplesmic area. The nuclei were well 
preserved, with a distinct chromatin pattern, 
were not pyknotic or fragmented, and appeared 
viable in every respect. Binucleated liver cells 
were found in quantity. The von Kupffer cells 
were not increased in number; a few of them 
exhibited a yellowish tint to their cytoplasm, 
presumably dve to accumulation of intra- 
cytoplasmic bile pigments. Here and there a few 
small sprinklings of infiltrating inflammatory 
cells were present. For the most part these were 
lymphocytes bu- an occasional plasma cell was 
present among them, and a rare polymorpho- 
nuclear leukocyte could also be seen. This 
minimal infiltrate was not localized to any 
portion of the lobule; it was no more prominent 
in the portal spaces than in its irregular dis- 
tribution in the s. nusoidal spaces. Conspicuously 
absent was any cegree whatsoever of necrosis of 
liver cells. Reticulum stains showed an intact 
fibrillar architecture to the lobules, confirming 
the impression gained from study of hematoxylin 
and eosin sections. A Hotchkiss-McManus stain 
failed to demonstrate mucopolysaccharides and 
glycoproteins within the cytoplasm of the 
altered liver cells. It 1s inferred from the size, 
shape and transperency of the vacuoles that they 
represent intracytoplasmic lipid within the cells. 

The general architecture of the kidney was 
well preserved. The glomeruli were somewhat 
more plump tham usual, and there was some 
prominence of tbe capillary loops as well as 
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Fic. 1. A, Case :. Low power view showing pale areas of fatty metamorphosis in 
the central two-thirds of the lobule surrounded by a darker rim of spared liver 
cells; hematoxy!in and eosin stain, liver. B, Case r. Detail of liver cells with fatty 
metamorphosis showing multiple fine vacuoles distending the cytoplasm of the 
cells. A binucleate cell is shown; hematoxylin and eosin stain, liver. C, Case 11. 
Low power view showing distribution of fat in the liver lobules; oil red O stain, 
liver. D, Case rr. Detail showing central vein with slight paracentral necrosis and 
a surrounding zone of fat-filled cells with multiple tiny vacuoles honeycombing 
the cytoplasm; hematoxylin and eosin stain, liver. 


AMERICAN JOURNAL OF MED4CINE 


Acute Fatty Metamorphosis of Liver in Pregnancy—Ober, LeCompte 


equivocal increase in the amount of the glomeru- 
lar interstitial substance. However, the most 
striking changes were in those tubules which lay 
within the medullary rays of Ferrein. The epi- 
thelium lining these tubules was pallid, and the 
cytoplasm of the epithelial cells finely foamy or 
vacuolated. (Figs. 2B, C.) Thechange wassharply 
localized to this area for it was not present in the 
upper portion of the proximal or in the distal 
convoluted segments which lay elsewhere in 
the cortex. The nuclei of cells so affected were 
indistinct and their chromatin stained poorly; 
whether or not this is true necrobiosis is difficult 
to state with certainty. No lesions were seen in 
the renal vasculature and the medulla was 
unremarkable. Although formalin-fixed tissue 
was not available for Sudan stain, the alteration 
was interpreted as compatible with fatty ac- 
cumulation within the cytoplasm. 

The pancreas was histologically normal, 
apart from slight interstitial edema. No necrosis 
was noted. 

The final anatomic diagnoses were fatty 
metamorphosis, liver, acute, massive; fatty 
metamorphosis, kidneys, medullary rays of 
Ferrein; ascites; lymphadenitis, retroperitoneal 
nodes: icterus, generalized: status postpartum, 
uterus. 

Case m. Mrs. T. C. (M. H. No. B3243),* 
a twenty-six year old primipara due to deliver 
on October 20, 1952, was admitted to the 
Milton Hospital on October 8th. She had had a 
completely uneventful prenatal course with no 
sign of elevated blood pressure or other difficulty. 
Previous health had been excellent. No history 
of dietary deficiency or of exposure to liver poi- 
sons was elicited at this time or on subsequent 
questioning of her husband. She was group O, 
Rh positive. On October 6th she complained of 
severe headache, with no other signs. Her blood 
pressure was then 120/80. The urine was nega- 
tive. She was given codeine and empirin without 
relief. On October 7th the headache was still 
present and she vomited. She was then sent to the 
hospital where her temperature was found to be 
100.6^r., pulse, 100, respirations 20, blood pres- 
sure 128/80. She was given 300,000 units of 
penicillin. The fetal heart rate was found to be 
156. The urine was reported negative. On 
October 9th the temperature was normal but the 
white blood count was 17,000 with three nu- 
cleated red cells. The mother's heart rate was 


* The authors are grateful to Dr. Augustine Rogers 
for permission to present the clinical history of this case. 
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now 120. The fetal heart was not heard, possibly 
due to the loud action of the mother's heart. A 
lumbar puncture was done which yielded clear 
fluid with nc cells. On October 10th the patient 
was semi-comatose but was rational when 
roused. The blood pressure was 120/80. The 
pulse was 1290. The urine now showed a 1+ 
albumin ard fairly numerous hyaline and 
granular casts, as well as ten to twelve white 
blood cells per high power field. The leukocyte 
count in the blood was 20,400. The uric acid was 
5.6 mg. per cent. The serum NPN was 74 mg. 
per cent. Or the following day she was found to 
be definitely jaundiced. She was in active labor 
in the morning and was semi-comatose, with 
blood pressure of 120/80. She was delivered by 
low forceps of a dead female fetus which was not 
macerated but showed a soft skull. After delivery 
there was persistent oozing and it was found 
necessary to pack the uterus. Coma deepened 
and several hours later the patient died. The 
bilirubin was found to be 6.2 mg. per cent total, 
with 3.8 mg. per cent direct. The serum NPN 
on that day was 72 mg. per cent. The chlorides 
were 95 mEq./L. The thymol turbidity was four 
Maclagan units. Prothrombin concentration by 
Quick's method was 11 per cent. 

Gross observations (F. H. No. U-52-32): 
Postmortem examination was limited to the 
thorax and abdomen. The body was well 
developed end well nourished. A thin, brown 
fluid trickled from the corners of the mouth. 
Each pleural cavity contained 2 or 3 cc. of clear 
fluid. The Feart weighed 300 gm. and was not 
unusual in any way except for a small sub- 
endocardial hemorrhage in the left ventricle. 
The lungs weighed 340 and 310 gm., respec- 
tively, and snowed a few small scattered elevated 
red-brown spots evidently due to terminal 
aspiration o" brown *'coffee-ground" fluid, which 
was observed in the mouth, stomach and bron- 
chi. The peritoneal cavity contained about 
15 cc. of bright red bloody fluid which had 
apparently oozed through from the para- 
metrium. T'he gastrointestinal tract was re- 
markable only for the presence of pale, almost 
clay-colorec feces in the colon; no ulcers were 
found. The only other significant findings in the 
abdomen irvolved the uterus, liver and kidneys. 
The uterus showed the expected postpartum 
appearance, with the addition of rather exten- 
sive hemorrhage into the parametrium on both 
sides. The liver was decidedly shrunken, 
weighing only 810 gm. The capsule was thin and 
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Fic. 2. A, Case 1. Detail showing the peripheral spared area near the portal space 
in contrast with the central fat-filled area of the lobule; Gomori trichrome stain, 
liver. B, Case 1. Low power view showing pale staining of the columns of Ferrein 
contrasting with more intense staining of the convoluted segments; hematoxylin 
and eosin stain, kidney. C, Case 1. Detail of tubules in the column of Ferrein show- 
ing pale staining interpreted as fine fatty droplets; hematoxylin and eosin stain, 
kidney. D, Case n. Detail of proximal convoluted tubules showing fine fatty 
droplets within the cytoplasm of epithelial cells; oil red O stain, kidney. 
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smooth but had a tendency to wrinkle. Ex- 
ternally the liver was flabby and had a dull 
yellow-pink color. On section the tissue 
seemed more friable than usual, and the color 
was a dull pale yellow with numerous scattered 
minute red spots corresponding to the lobular 
markings. There was no difference between right 
and left lobes, and there was no obstruction of 
the intra- or extrahepatic vessels or bile ducts. 
The gallbladder was small, containing 3 or 4 cc. 
of viscid green bile with no calculi. The common 
bile duct was not dilated. The kidneys weighed 
130 and 160 gm., respectively. They were 
unusually pale, probably because of blood loss. 
The capsules stripped easily from each other, 
revealing a pale yellow-pink surface which was 
smooth except for a few scattered shallow depres- 
sions measuring from 0.2 to 0.8 cm. in diameter. 
On section the cut surface showed a slightly 
swollen appearance with a yellowish cast on a 
pinkish tan background, but cortex and medulla 
were well defined, and some of the cortical 
striations could be seen. The pelves, calyces and 
ureters were not dilated and were lined by an 
intact pale mucosa except for a few petechial 
hemorrhages in one renal pelvis. The placenta 
weighed 450 gm. and was not remarkable. 
Permission for fetal autopsy was not granted. 

Microscopic observations: Aside from a 
moderate chronic gastritis, significant findings 
were confined to the liver and kidneys. 

The liver closely resembled that of Case 1 in 
that all the hepatic cells, apart from a narrow 
well preserved zone around the portal areas, 
were filled with cytoplasmic vacuoles, several to 
each cell. (Fig.2A.) Fat stains confirmed the lipid 
nature of these vacuoles and that several were 
present in each cell, in contrast to the single, 
signet ring appearance often seen in fatty livers. 
(Fig. 1C.) Although the affected cells were clearly 
swollen and larger than usual, and no frank 
necrosis was seen, it was obvious that the portal 
zones and central veins were closer to one an- 
other than they are in the normal liver. This 
implies a decrease in site of the lobules due to 
loss of liver cells, as indeed must have been the 
case in view of the small size of the liver. Per- 
haps to be correlated with this fact was the 
observation of groups of cells containing fine 
yellow pigment granules, situated near the cen- 
tral veins, usually in the company of a few lym- 
phocytes and occasional polymorphonuclear 
leukocytes. (Fig. 1D.) These groups of cells ap- 
peared to lie within spaces which at first sight 
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appeared to be the usual blood sinusoids. How- 
ever, erythrocytes were usually not present and 
an endothelial lining was not often demonstrable. 
While mary of the pigmented cells had reniform 
nuclei, others had round or oval nuclei, and it is 
conceivable that some of them might be bile- 
stained dying liver cells, although certainly 
many are phagocytes. Another finding, not 
prominent in Case 1, was an abundance of bile 
“plugs” in the canaliculi of the central and mid- 
portions of the lobules. Thus an obstructive 
element is dded in this instance. 

The kidrey showed a few small subcortical 
scars, associated with rather heavy infiltration of 
lymphocytes and apparently representing a 
healed focal pyelonephritis. Otherwise the renal 
parenchyma, in the hematoxylin-eosin stain, 
was not remarkable except for a few vaguely 
defined vzcuoles in the proximal convoluted 
tubules anc a little granular precipitate in the 
lumina of tnese tubules. The fat stain, however, 
showed an abundance of fat droplets in the 
proximal ccnvoluted tubules and in the collect- 
ing tubules of the medulla, but not in the distal 
convoluted tubules. The fat in the proximal 
tubules was arranged in relatively small but 
numerous globules in the basal parts of the 
cells. (Fig. 2D.) 

The placenta was not remarkable. It showed 
fairly nume-ous foci of calcification in the inter- 
villous fibrin deposits but no necrosis or vascular 
lesions. | 

The final anatomic diagnoses were fatty 
metamorphosis, liver, massive, acute; fatty 
metamorphosis, renal tubular epithelium; aspira- 
tion of gastric contents, agonal; status post- 
partum, uterus. 

Case nri. Miss G. B. (F. C. H. No. 1443),* 
a sixteen year old primigravida, was admitted to 
the Florenc2 Crittenton Hospital on August 8, 
1928, at seven and one-half months’ gestation. 
Her last menstrual period had been on Decem- 
ber 20, 1927, and her E.D.C. was September 27, 
1928. She was in good health when admitted 
and remainzd so until September 8th when she 
began to vomit. She was sent to bed and was 
given an enema on the following day. Her 
vomiting ceased but she spent both September 
9th and 19th in bed, acted queerly, talked 


* This case is reported through the courtesy of Dr. 
G. Kenneth Mallory, who recalled having performed the 
autopsy when the initial manuscript was given him. 
Dr. Mallory zraciously placed this case at the authors’ 
disposal and prepared additional sections for study. 


75? 
irrationally and became somewhat unresponsive. 
At 4:00 a.m. on September 11th she was found 
sitting on the floor counting aloud. She was put 
back to bed, making no resistance and went 
to sleep. At daylight she was noted to be 
jaundiced and quite irrational. At 8:20 A.M. 
her membranes ruptured spontaneously and she 
went into good labor promptly. A slightly 
macerated stillborn male infant weighing 6 
pounds was delivered at 10:50 a.m. and the 
placenta at 11:45 a.m. The placenta was small, 
yellowish and hard. While repairing a small 
perineal tear, it was noted that the patient was in 
poor condition with a pulse of 120. She was 
given a subcutaneous saline infusion, stimulants, 
etc., but failed rapidly and died at 12:05 P.M. 
No urine had been obtained by cazheter during 
delivery. 

Gross observations (Mallory Institute of 
Pathology No. U-28-36): The body was that of a 
well developed and well nourished girl, 157 cm. 
long. The skin and scleras were icteric. Slight 
rigor mortis but no lividity or edema was present. 
The liver was smaller than average (not 
weighed), and extended 5 cm. below the xiphoid 
and 2 cm. below the costal margin in the mid- 
clavicular line. The external surface was 
smooth and pale yellow with superficial capil- 
lary injection. The substance of the liver was 
firm and the cut surface was homogeneous and 
yellow. There was no evidence of obstruction in 
the gallbladder or bile ducts. The kidneys 
were normal in size and pale yellow brown. The 
capsule peeled easily revealing a smooth surface. 
'The cut surface showed an even cortex 0.5 cm. 
thick. The renal pelves showed no lesions. The 
uterus was compatible in appearance with a 
recent postpartum state. The other viscera were 
grossly unremarkable. 

Microscopic observations: As in the two 
previously cited cases, the pathologic changes 
were confined to the liver and kidneys. Sections 
stained with phloxine-methylene blue showed 
that the lobular architecture of the liver was 
well preserved and that no necrosis was present. 
The liver trabeculae were composed of well 
preserved cells with extensive vacuolation of 
their cytoplasm, the vacuoles being rather small, 
many being present in each cell, producing a 
coarsely foamy appearance. The nuclei of these 
cells were centrally located and their chromatin 
was distinct and well preserved. Occasional 
binucleate cells were seen. This vacuolation 
occupied almost the entire thickness of each 
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lobule, there being only a thin rim of spared 
liver cells adjacent to each portal space. The 
vacuolated cells were ballooned and the sinus- 
oids compressed. There was no evidence of bile 
stasis but occasionally bile pigment was seen in 
von Kupffer cells. A scattered and inconspicuous 
infiltration of lymphocytes and an infrequent 
plasma cell were found sporadically in portal 
spaces and occasionally in lobules. Formalin- 
fixed tissue was not available for fat stains. 

The kidneys showed the usual microscopic 
architecture. The glomeruli were well preserved 
and free frem infiltration or scarring. Examina- 
tion of the epithelium of the proximal convoluted 
segment revealed the cytoplasm of many cells to 
contain small vacuoles. ‘The nuclei of these cells 
were well preserved and stained sharply. In the 
medullary rays of Ferrein the tubular epithelium 
became pale and eosinophilic, and nuclear 
staining was indistinct. However, in these cells 
also there was fine vacuolation of the cytoplasm. 
Although tissue was not available for fat stain, 
this was interpreted (as in Case 1) as a combina- 
tion of fatty metamorphosis and postmortem 
autolysis. No changes were seen in the blood 
vessels or interstitial tissue of the kidneys. 

The final anatomic diagnoses were fatty 
metamorphosis, liver, acute, massive; fatty 
metamorphosis, renal tubular epithelium; status 
postpartum, uterus. 


COMMENTS 


The clinical aspects of these cases seem to be 
reasonably well defined. The clinical course is 
characterized by the onset of jaundice late in the 
third trimester of pregnancy. Hemolytic and 
obstructive jaundice can be ruled out. The 
disease is clearly one of the varieties of paren- 
chymatous (hepatocellular) jaundice. The signs, 
symptoms and laboratory in disations of acute 
liver failure develop. The patients become 
progressively worse even after delivery and die in 
hepatic failure. On purely clinical grounds the 
disease is not distinguishable from fulminant 
epidemic hepatitis. Of the fourteen cases 
reported (including the present three), thirteen 
cases have been fatal, a mortality rate of 92.9 per 
cent. Only the case reported by Whitacre and 
Fang recovered. Whether this is an isolated 
instance or whether a number of the cases 
diagnosed clinically as “acute yellow atrophy” 
but not confirmed by autopsy were in reality 
this type of lesion, or whether the disease does 
occur in a less fulminant form in which there is 
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recovery (with or without residual fibrosis) are 
matters for speculation. It is doubtful whether 
the diagnosis can be made antemortem without 
morphologic confirmation from a liver biopsy. 

Likewise, the pathologic findings in these 
cases are reasonably consistent. There is diffuse 
fatty metamorphosis of the liver with preserva- 
tion of lobular architecture. The peripheral 
portion of the lobule is spared. There is either 
no evident necrosis or merely minimal para- 
central necrosis, albeit there is evidence of loss of 
cells in Case n. There is either no infiltration by 
inflammatory cells or else a sparse, randomly 
distributed infiltration of a few lymphocytes, an 
occasional polymorphonuclear leukocyte and a 
rare eosinophil. There may or may not be fatty 
metamorphosis of the renal tubular epithelium. 
On purely histopathologic criteria, the lesion in 
these cases cannot be classed as infectious 
hepatitis. It resembles more closely the effects of 
an exotoxin or an endotoxin upon the liver. 

While this manuscript was being prepared for 
publication, a-fourth case of this clinical syn- 
drome associated with this distinctive hver 
lesion was brought to our attention. * The pa- 
tient, a twenty-nine year old woman, died forty- 
three hours after delivery of a stillborn infant, 
having been ill for one week prior to the onset 
of labor. Postmortem examination revealed an 
acute hemorrhagic pancreatitis in addition to the 
central multilocular fatty metamorphosis of the 
liver without necrosis. The combination of these 
two lesions was reminiscent of those seen in 
experimental ethionine intoxication. 

A body of experimental evidence has recently 
been accumulated that ethionine, a chemical 
analogue of methionine which enters into 
metabolic competition with it, can produce 
necrotizing pancreatitis and fatty metamorphosis 
of the liver cells. Goldberg, Chaikoff and 
Dodge??? noted that the pancreatic lesion was 
restricted to the acinar tissue and that the islets 
of Langerhans were spared. Farber and Popper!! 
were able to prevent the appearance of the liver 
and pancreatic lesions by simultaneous adminis- 
tration of methionine, but not by cysteine or 
glucose (which latter does prevent the liver le- 
sion). Stekol and Weiss!? observed that smaller 
doses of ethionine inhibited the growth of mice 
but that this inhibition wss reversed by methio- 
nine or choline, but not by cysteine or homo- 
cysteine. Wachstein and Meisel!? found that the 


* This case will be reported in detail by Dr. Aaron W. 


Newton and Dr. Harwood Cummings. 
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effects of echionine were enhanced by pre- 
liminary dietary protein depletion. Simpson, 
Farber and Tarver!* demonstrated that ethionine 
affects prote.n synthesis by inhibiting the incor- 
poration of methionine and glycine into protein 
in the liver. Bollag and Gallico!5 showed altera- 
tions in enzyme activity even before histologic 
changes appeared; pancreatic diastase was 
reduced anz then abolished; pancreatic catalase 
was somewkat increased; liver catalase activity 
was conspicuously depressed. The syndrome of 
ethionine :ntoxication resembles closely kwa- 
shiorkor; Brock and Autret!® have suggested 
methionine deficiency as one of the possible 
primary eti»logic factors in the development of 
kwashiorkor. Jensen, Chaikoff and Tarver!’ 
found an increased total lipid content in the 
livers of fasted female rats to whom ethionine 
had been administered. This increase was in the 
fatty acid moiety, there being no increase in the 
cholesterol or phospholipid fractions. A control 
series of fasted male rats also given ethionine 
failed to demonstrate increased lipids. 

Following the procedures of Jensen and his 
colleagues, chemical determinations of the lipid 
contents were done on formalin-fixed material 
from Case 1. It must be noted that Jensen et al. 
used fresh liver, but this was not available to us, 
and may limit the accuracy of the quantified 
data. Usimg 5.49 gm. of formalin-fixed liver, 
it was determined that total lipids were 13.04 per 
cent, tota! fatty acids 10.8 per cent, phospho- 
lipids 0.22 per cent, total cholesterol 0.19 per 
cent, free cholesterol 0.14 per cent and choles- 
terol estecs 0.05 per cent. This corresponds 
closely wih the values given for hepatic lipids in 
ethionine-treated fasted female rats. It is clear 
that in both instances there is an increase in 
liver fat Jue to an increase in fatty acids. 

It is cf some interest that in these cases the 
intracellular lipid appears quite regularly as 
fine droplets which give a honeycombed ap- 
pearance to the cytoplasm. The more usually 
found large, single, intracytoplasmic vacuole 
which pushes the nucleus off to one side is 
conspicuously absent in these cases. Whether 
this is an artefact of the rate of intracellular 
lipid accumulation or whether it is a specific 
property of fatty acids in contrast to neutral 
fats seems to be a matter regarding which one 
can merzly speculate. 

Anotker feature of this type of lesion which 
must pe-force lead to speculation is the problem 
of the liver weight. Apparently, there is con- 
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siderable range in the weight of the liver at 
autopsy in these. cases—from 810 to 1,300 gm. 
In view of the fairly obvious observation that the 
liver cells are individually increased in size, 
and that there is no necrosis of liver cells, does 
this imply a disappearance of liver cells without 
trace? In fact, are the liver cells numerically 
reduced, that is, is this a true atrophy? Measure- 
ment of the radii of lobules and of the distances 
from one portal space to another fail to show 
decrease in the size of lobules. By inference, the 
fact that individual liver cells are enlarged indi- 
cates that there are fewer cells per lobule. The 
specific gravity of the fat-laden cells is lower 
than that of normal liver cells. Presumably, the 
decrease in liver weight can be ascribed largely 
to the accumulated lipid. 

Parenthetically, the occasional observation of 
paracentral necrosis near an occasional central 
vein need not be construed to indacate that a 
necrotizing agent (viral, bacterial or chemical) 
is etiologically implicated. Glynn and Hims- 
worth? have demonstrated that the ntralobular 
circulation is greatly restricted durirg the phase 
of acute fatty metamorphosis Lecause the 
swollen liver cells narrow the sinuso.ds, thereby 
favoring ischemic necrosis in and about the 
centrilobular zone. 

A question that will naturally ke raised is 
whether one of the halogenated hydrocarbons 
(e.g. carbon tetrachloride) might have been 
involved in either or both of the cases, since 
these agents are known to produce fatty livers 
and renal damage. Aside from the fact that 
persistent questioning of relatives revealed no 
exposure in either patient, it may be suggested 
that the lesions in both liver and kicney would 
be expected to be much more severe if these 
drugs played a role. Williams?? points out that in 
moderately advanced carbon tetrachloride in- 
toxication following the administretion of a 
single dose to mice there is extensive central 
necrosis, but that in early carbon tetrachloride 
intoxication the changes resemble those seen 
in starved mice in which there is no necrosis. His 
detailed analysis of the cytoplasm cf affected 
cells showed increased lipid, decreased protein, 
decreased glycogen, as well as increased alkaline 
phosphatase, decreased ribonucleic acid, argi- 
nine, tyrosine or histidine. He points out that 
these intracellular changes are reversitle four to 
six days after the single injection of the exotoxin. 
Williams also noted that in irreversibly damaged 
(i.e. necrotic) liver cells a PAS-positive poly- 
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saccharide-protein complex was present. This 
was not found in any of the three cases herein 
reported and further confirms statements regard- 
ing the absence of necrosis and the reversibility 
of the lesion. 

The renal lesions in these three cases furnish 
evidence that the disease process is not confined 
to one organ. In Case 1, degenerative changes 
were noted to be sharply limited to the columns 
of Ferrein, presumably involving only the 
terminal portion of the proximal convoluted 
segment. The lesion consisted of alteration of 
the tubular epithelium; the cytoplasm of the, 
cells was finely vacuolated and somewhat 
more eosinophilic than elsewhere in the tubular 
epithelium. Also, the nuclear outline was in- 
distinct and nuclear chromatin did not stain as 
sharply as elsewhere. Whether these observa- 
tions add up to fatty degeneration without true 
necrosis or whether true necrosis of the epithelial 
cells in this segment of the tubule was present is 
difficult to assess. In Case x the lesion in the 
tubular epithelium was less sharply localized; 
there was fine fatty vacuolation of many parts of 
the proximal convoluted segment; no necrosis 
was evident. There is some evidence from experi- 
mental sources that the concatenation of the 
liver lesions seen in these cases with changes in 
the renal tubules is not entirely fortuitous. . 
Farber, Simpson and Tarver?’ noted fat in the 
epithelium of the convoluted tubules in fasted 
female rats fed ethionine. Wachstein and 
Meisel?! observed that normal rats when fed 
ethionine would develop necrosis of tubular 
epithelium limited to the terminal portion of 
the convoluted segment; they also observed 
that, like the liver lesions, the renal lesions were 
increased in severity if the animals were placed 
upon a protein-depleted diet and that the 
lesions were prevented by administration of 
methionine. Wachstein and Meisel pointed out 
that the renal lesion was similar to that produced 
by administration of d,/-serine. This type of 
experimental evidence implies that in the two 
clinical cases described there may be some 
comparable process of biologic antagonism or 
competitive metabolism which underlies the 
development of the lesions. Parenthetically, both 
Wachstein and Meisel as well as Alvizouri 
and Warren,?? who confirmed their observations, 
indicate that the lesion of the renal tubular 
epithelium is reversible in experimental animals. 

The occurrence of these cases exclusively in the 
last trimester of pregnancy raises the inevitable 


AMERICAN JOURNAL OF MEDICINE 


Acute Fatty Metamorphosis of Liver in Pregnancy— Ober, LeCompte 


question: In what way is tbe development and 
nature of the lesion related to the pregnant 
state? Is there anything specific about the 
pregnant state which would favor the develop- 
ment of such a lesion? A certain amount of 
indirect evidence may be adduced regarding 
this matter. In general, the normal liver is able 
to function throughout pregnancy without overt 
signs of functional or morphologic failure. 
Ingerslev and  Teilum?! performed needle 
. biopsies of the liver in healthy pregnant women 

and found no anatomic evidence to support the 
concept of *Schwangerschaftleber"; because of 
this observation as well as innumerable reports 
of normal liver function tests during pregnancy, 
the concept has generally been discarded. On the 
other hand, there are certain clinical observa- 
tions which indicate a “lowered hepatic 
reserve” during pregnancy. Just what this 
"reserve" is seems difficult to define, for the 
essence of liver function is that there is one 
type of cell which apparently performs all the 
innumerable metabolic functions of the liver. 
There is, however, a quantitative limit to the 
ability of the liver cells to function, either as a 
unit or in aggregate. For example, the spider 
angiomas and liver palms which are frequently 
found in patients who suffer from liver disease 
are frequently seen in healthy pregnant women. 
The appearance of these peripheral phenomena 
is ascribed to the inability of the liver to metab- 
olize estrogens at the rate at which they are being 
produced. The comparison of estrogen inactiva- 
tion by the diseased liver in the presence of 
normal estrogen production or the hyper- 
estrogenism of pregnancy leads one to the 
generalization that a given unit weight of liver 
tissue (or a given number of liver cells) can 
inactivate a given quantity of estrogen in a 
given period of time. This principle can be 
applied to any of the other functions of the liver 
cell. 

Biskind** has summarized the relation of 
nutritional deficiency to inactivation of estrogen 
in the liver, and has shown that the ability of 
the liver cell to perform this one function depends 
upon the maintenance of adequate levels of 
certain vitamins. He points out that 'impair- 
ment of the estrogen-inactivating mechanism of 
the liver occurred in the absence of detectable 
morphologic change in this organ; conversely, 
inactivation of estrogen can occur in livers which 
are the site of severe necrosis and fat infiltration. 
. . . The functional and morphologic changes 


NOVEMBER, 1955 


795 


in the liver -hus bear no necessary relation to 
each other." This observation is applicable in 
greater or lesser degree to any individual func- 
tion of the liver cell one may care to investigate. 
However, Himsworth and Glynn?52?5 were able 
to produce two separate and distinct types of 
liver damage in rats. By utilizing a diet low in 
proteins they were able to produce massive 
hepatic nec-osis which, although often fatal to 
their experimental animals, did on occasion heal 
with the production of “postnecrotic scarring.” 
Utilizing a diet which contained either an 
excess of fet or a deficiency in lipotropic factors, 
such as choline, they were able to produce 
extensive fetty infiltration of the liver as well as 
diffuse hevatic fibrosis. Subsequently, they 
demonstrated that a diet deficient in protein but 
containing adequate amounts of methionine 
would prevent the development of massive 
hepatic recrosis. Handler and Dubin?’ con- 
firmed the observations that a choline deficient 
diet would produce fatty infiltration and diffuse 
fibrosis of the liver, and demonstrated that 
either thiamine deficiency or restricted food 
consumption would prevent the accumulation of 
excessive iver fat. Subsequently, Glynn?* ob- 
served that “considering the nutritional priority 
that nature grants to the developing fetus, 
it is not su-prising that pregnancy tends to reveal 
states of latent malnutrition. A dietary level of 
thio-amiaxo acids barely sufficient for a non- 
pregnant woman would become grossly deficient 
in the presence of pregnancy. . . . Develop- 
ment of a dietetically induced yellow atrophy in 
pregnancy necessitates a nice balance between 
the amcunt of vitamin E necessary to maintain 
pregnancy and the amount required to maintain 
the integrity of the liver, too much preventing 
necrosis and too little preventing pregnancy." 
Presumapoly this applies only to the acute liver 
necrosis in rats which can be induced by thio- 
amino acid deficiency and prevented by 
adequate vitamin E intake. However, there are 
probably additional variables in the diet of 
pregnant women which, acting either singly or 
in concert, are in nice equilibrium between liver 
necrosis and pregnancy failure. lt is not un- 
reasonable to infer that as pregnancy progresses, 
as the fetus develops, and as its metabolic and 
nutritional needs increase, the margin between 
the recuirements of a given nutrient and an 
insufficiency of that nutrient becomes progres- 
sively narrowed. As the threshold of insufficiency 
is approached the homeostatic mechanisms 
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which control the sum total of liver functions are 
maintained at progressively changing quantita- 
tive equilibria; when equilibrium cannot be 
maintained either because of decreased intake, 
excessive demand, or both, functional failure of 
the liver may ensue. This may or may not be 
accompanied by anatomic changes in the liver 
cell. Presumably, if functional failure is present 
to any significant degree, especially in regard to 
certain of the more important functions, and for 
any significant time, there will be some mor- 
phologic evidence that such has been the case. 
Put more simply, the pathologic changes may 
occur a little later than the functional changes, 
ie. an experimental animal or a patient may 
have a poorly functioning liver for some time 
before actual lesions can be demonstrated. The 
integrity of the liver—both functionally and 
structurally—may be jeopardized for some 
time before it is finally compromised. 

From such evidence and speculation it is 
apparent that the disturbance in the liver is 
presumably the result of a metabolic injury. We 
can propose two alternative mechanisms for its 
genesis. First, this may represent acute nutri- 
tional failure. In view of the lack of specific 
data regarding the dietary habits of these 
three patients for the period of time shortly 
preceding and during the early stages of their 
illness, nutritional failure cannot be excluded. 
Certainly, one carnot specify which nutrient 
or combination of nutrients was ceficient in 
relation to the demand for it. Alternatively, the 
physiologic failure of the liver and its structural 
changes may conceivably be the result of the 
action of some humoral agent which either is 
present because the patient is pregnant or 
exerts an abnormally destructive effect in the 
pregnant state. Whether such a hypothetic 
substance might be a hormone or toxin is, 
again, a matter for speculation. Support for 
either hypothesis could be adduced from the 
case reported by Whitacre and Fang in which 
rather rapid recovery ensued following intensive 
therapeutic efforts at supplying the Hver with 
various substances required for the maintenance 
of its structural as well as its functional integrity, 
and following evacuation of the products of 
conception. Whether either of these hypotheses is 
correct, or wbether this lesion is the result of 
another mechanism, it is apparent that the 
metabolic injury to the liver is one which 
interrupts the conversion and mobilization of 
fat, possibly due either to inhibition of an 
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enzyme system or to biologic anatagonism to a 
necessary metabolite, or both. We would specu- 
late further that the ability of the liver to per- 
form transmethylation is seriously compromised 
at an early stage in the development of this 
process. We have no evidence to inform us at 
which point in its development the liver lesion 
might become irreversible if, indeed, it ever 
does. Nor is there any information which would 
permit one to speculate whether reversal of the 
morphelogic changes would be complete, or 
whether healing would or would not be ac- 
companied by diffuse fibrosis. 

There are certain therapeutic implications 
which must be stated, however fragmentary our 
knowledge of this distinctive syndrome may be. 
Once an antemortem diagnosis has been estab- 
lished—and needle biopsy of the liver seems to 
be the only present method of diagnosis— 
vigorous treatment of the patient with fat-free, 
protein-high intake as well as parenteral fluids 
and vitamins as indicated seems to be the 
course of prudence. The, administration of 
choline and methionine has a justification in 
studies on experimental animals; while it is 
doubtful that they can be dangerous to human 
patients, their therapeutic value is still sub judice. 
The use of parenteral protein hydrolysates would 
appear to be optional. The question of inter- 
ruption of pregnancy if the patient does not 
respond promptly to vigorous therapy should be 
considered. The high fetal mortality in these 
cases as well as the progressive nature of the 
disease suggest that, if the diagnosis and thera- 
peutic trial are made promptly, interruption of 
pregnancy might be in the best interests of 
mother and child. 

In this respect an analogy might be drawn 
from studies of cases of epidemic infectious 
hepatitis acquired during pregnancy. Appar- 
ently, the usual epidemic mortality of 5 per cent 
is increased to 20-30 per cent in cases acquired 
during the last trimester of pregnancy, presuma- 
bly because of the decreased margin of hepatic 
reserve. Likewise, in eclampsia, also a disease 
of the last trimester, in which hepatic lesions are 
commonly found, the spontaneous or operative 
evacuation of the products of conception is 
often of therapeutic benefit. It is debatable 
whether the formerly designated variety of 
toxemia also known as acute yellow atrophy was 
identical with fulminant epidemic hepatitis, 
or with the distinctive fatty metamorphosis here 
described, or whetber indeed, the term, acute 


AMERICAN JOURNAL OF MEDICINE 


Acute Fatty Metamorphosis of Liver in Pregnancy--Ober, LeCompte — 757 


yellow atrophy, was applied indiscriminately to 
both lesions because of the difficulty in dis- 
tinguishing between them clinically or the failure 
to use precise histopathologic criteria in dis- 
tinguishing between the two lesions, in patients 
who received the benefit of autopsy. 


SUMMARY 


1. Three fatal cases of jaundice occurring at 
the end of the last trimester of pregnancy are 
presented. Clinically, the course of these patients 
is indistinguishable from that of fulminant 
epidemic (viral) hepatitis. Pathologically, the 
lesion is readily distinguishable from infectious 
hepatitis, and consists of extensive fatty meta- 
morphosis of liver cells occupying the central 
two-thirds of the liver lobule. There is no signifi- 
cant infiltration of inflammatory cells nor is there 
evident necrosis of liver cells. These three cases 
are similar to those described by Sheehan as 
“obstetric acute yellow atrophy." 

2. The relevant literature is reviewed. Eleven 
cases have been reported previously. Including 
the present three cases, only one patient has 
recovered, a mortality of 92.9 per cent. Presuma- 
bly, the lesion is reversible. 

3. The effect of pregnancy on liver function 
and its presumptive role in the genesis of this 
type of lesion is discussed. Likewise, both clinical 
and experimental methods of protecting the 
liver from fatty changes are mentioned and 
possible therapeutic measures are indicated. 

4. A variety of experimental data pertaining 
to fatty changes in the liver is reviewed. These 
include the role of the liver in inactivation of 
hormones, the production of fatty livers bv 
dietary deficiencies, by exotoxins, and by 
biologic antagonism of competitive metabolites 
(e.g., ethionine). In none of the three clinical 
cases presented here was there any evidence for 
or history of dietary deficiency or exposure to or 
ingestion of an exotoxin. It is inferred that the 
pathogenesis of this obscure and uncommon 
lesion lies in some endogenous metabolic 
aberration which, possibly, produces fatty 
changes in the liver by interference with enzyme 
systems, speculatively, those concerned with 
transmethylation. 

5. Chemical analysis of the- formalin-fixed 
liver in one of these cases shows that the in- 
creased lipid lies almost entirely in the fatty 
acid molety. 

6. Fatty metamorphosis was also present in 
the renal tubular epithelium in all three cases. 
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excitation (the Wolff-Parkinson-White 

(WPW) syndrome) has been attempted in 
various ways. The problem has been studied 
experimentally and at the necropsy table. 
Special electrocardiographic leads and vector- 
cardiography have been used to trace the course 
of the anomalous pre-excitation (delta) wave. 
lhe response of ventricular pre-excitation to 
extraneous influences like exercise, nerve stimu- 
lation and drugs has been recorded in the 
electrocardiogram and analyzed. Alterations 
of cardiodynamics associated with the ap- 
pearance of the anomalous beats were in- 
vestigated with the help of cardiac catheterization 
and electrokymography. 

Exhaustive and excellent reviews of the 
voluminous literature appeared about a decade 
agot? and recently.** Among the many theories 
which have been advanced, differing in funda- 
mental concepts or in shading, two major 
dissenting views have evolved, both compatible 
with present knowledge of cardiac physiology; in 
fact, both were considered in one of the original 
studies.® The first is the hypothesis of an hyper- 
excitable ventricular focus responding (during 
sinus rhythm) prematurely to the mechanical or 
electrical stimulus of atrial activity and leading, 
on occasion, to a burst of rapid heart action. 
In its favor has been claimed particularly the 
possibility of eliciting, in man as well as in the 
experimental animal, patterns of ventricular 
pre-excitation by mechanical stimulation of the 
ventricular septum,*® e.g., in the course of 
cardiac catheterization,7:9 and the observation of 
ventricular premature beats of pre-excitation 
contour.? However, this concept fails to account 


NES of the riddle of ventricular pre- 


for the predominance of supraventricular tachy- 
cardia in tie syndrome, nor can it explain the 
occurrence of pre-excitation complexes during 
auricular -ibrillation and in association with 
A-V block. The other concept implies the 
presence o? one (or more) accessory conduction 
pathwaysi*!? bypassing the physiologic im- 
pedance to conduction in the A-V node. This 
view is supported by the anatomic confirmation 
of such anomalous A-V bridges in man in about 
half of the cases examined at necropsy, 113719 
and the scccessful experimental reproduction of 
such a bvoass syndrome.?? Moreover it has the 
advantage that it can account satisfactorily for 
the many facets of the syndrome, including the 
various types of ectopic impulse formation and 
the occurrence of pre-excitation in the presence 
of A-V block. 

Since in this controversy of views the role of 
cardiac arrhythmias has received only secondary 
attention. it seemed worth while to concentrate 
upon this aspect of the pre-excitation syndrome 
in the hooe that its evaluation in the light of the 
two conficting concepts might aid in solution 
of the problem. The following report deals with 
five cases of ventricular pre-excitation selected 
because >f some particular features of disturb- 
ance of impulse formation or conduction, all, we 
believe, having a definite bearing on the under- 
standing of mechanisms involved in the pre- 
excitatioa syndrome. Figures 1 and 2 show the 
multiplicity of ectopic supraventricular rhythms 
which may be observed on different occasions in 
the sam? patient. In addition, Figure 1 illus- 
trates the various types of ventricular response to 
rapid impulse formation, and Figure 2 the 
differen- responses to carotid sinus stimulation. 


* From the Cardiovascular Department, Medical Research Institute, Michael Reese Hospital, Chicago, Ill. 
Aided by the Michael Reese Research Foundation and the Hibse Heart Research Fund. Presented in part at the 2nd 
World Congress of Cardiology, September, 1954. Washington, D. C. 
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In Figure 3 is reproduced an unusual case of 
ventricular pre-excitation in the presence of an 
abnormally prolonged A-V conduction time. 
Figure 4 illustrates the operation of an inde- 
pendent parasystolic focus in pre-excitation, 
while in Figure 5 an ectopic focus, apparently 
located within an anomalous Á-V connection, 
acts to cause single and regular runs of ectopic 
beats. For a detailed analysis of each case, and 
an evaluation with respect to the two pre-excita- 
tion theories, the reader is referred to the section 
on Illustrative Appendix. Our viewpoints on tbe 
mechanism of ventricular pre-excitation, arrived 
at on the basis of the interpretation of these five 
cases, of additional material available in the 
files of the Heart Station of the Michael Reese 
Hospital, and a study of the pertinent literature, 
are outlined subsequently. New evidence was 
found in the course of this study to fortify the 
hypothesis that an anomalous A-V connection is 
in operation in the pre-excitation syndrome. 

The Pre-excitation Beat. The typical electro- 
cardiographic contour of the pre-excitation com- 
plex has the characteristics of a ventricular fusion 
beat. ^??? Tts early anomalous component,” the 
delta wave,?* indicates that in some way activa- 
tion of the ventricles starts in a devious fashion, 
by early excitation of certain por-ions of the 
myocardium, ahead of the impulse travelling 
down the A-V junction over normal pathways. 
The latter may or may not participate in 
ventricular activation. If it does, a slender ter- 
minal part of the QRS deflection interrupts, or is 
added to, the delta wave. Unlike the ordinary 
type of fusion beats which is caused by ventric- 
ular interference of two different impulses, one 
usually originating in the atria and the other in 
the ventricles, in pre-excitation it is the sinus 
impulse which splits somewhere on its way 
toward the ventricles and one (or more) of its 
offspring takes an anomalous route in reaching 
them. Pre-excitation results because at least 
one of the paths which the split sinus impulse 
uses is a rapid one which avoids physiologic 
obstacles to impulse conduction through the 
A-V node. It is for this reason that in pre-excita- 
tion the anomalous component invariably forms 
the initial portion of the resulting fusion beat. 
On the other band, like the ordinary ventricular 
fusion beat, the pre-excitation complex may vary 
in contour from beat to beat and from time to 
time, and cause more or less abnormality in the 
duration and contour of QRS, and in the shape 
of ST-T. This is clearly brought out in Figure 1. 
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It obviously will also vary from case to case. 
The similarity of fusion beats caused by ectopic 
impulses and those caused by pre-excitation may 
be very close.! In fact, the former have been 
mistaken for the latter even in investigations 
dealing with the mechanism of pre-excitation, ?5 
Apart from the varying degrees of asyn- 
chronism of the two fractions of the sinus impulse 
in the ventricles, other factors may also influence 
the appearance of pre-excitation beats from case 
to case, viz., the position of the heart, the altera- 
tion of the fundamental electrocardiographic 
contour by ventricular strain or myocardial 
infarction, and the location of the point at which 
the anomalous impulse enters the ventricles. 
The classic combination of a short P-R and a 
wide QRS need not always be present to arrive 
at the diagnosis of a pre-excitation (WPW) 
syndrome, but then the differentiation from 
other conditions may not always be possible. 
Thus records occur with upright P waves, 
abnormally short P-R intervals, but with a 
QRS of normal duration which may be inter- 
preted as coronary nodal rhythm®?!* as well 
as pre-excitation beats,?9?' particularly when 
attacks of rapid heart action occur in such 
persons. On the other hand, unquestionable pre- 
excitation beats may occur with a normal P-R 
interval?? or, as is demonstrated clearly in Figure 
3, even with an abnormally prolonged one. 
Persistent ventricular bigeminy, with bizarre 
beats occurring in every other sinus cycle, just 
after the sinus P wave, may be caused by 
ventricular pre-excitation in alternate beats or 
by late diastolic ventricular ectopic beats. The 
differentiation of the two is impossible in a 
single record.? In general, the diagnosis of pre- 
excitation should be made only when respective 
beats terminate at least two successive cycles, 
and the P-R of these beats does not change, 
regardless of its actual length. (Figure 3.) If it 
does, ventricular fusion beats caused by ectopic 
impulses, at a rate approaching that of the sinus 
pacemaker, are more likely.4/5,8.25,28 

Cardiac Arrhythmias in the Pre-excitation Syndrome. 
The most frequent disturbance of rhythm, en- 
countered in about three-fourths of all cases,?? 
is a supraventricular type of paroxysmal 
tachycardia with regular spacing and participa- 
tion of the atria in the rapid ventricular beating. 
It is, however, not always possible to establish 
the relationship of the P waves to the QRST 
preceding or following them and hence to 

* Figure 311 of this study. | 
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distinguish between an auricular or nodal type of 
tachycardia. Next in frequency are auricular 
fibrillation and flutter, particularly when pre- 
excitation is present in rheumatic heart disease. 
Sometimes all three types of auricular ar- 
rhythmias can be seen on different occasions in 
the same patient, as in Figure 2. Ventricular 
paroxysmal tachycardia appears to be extremely 
rare. We have observed no case which un- 
equivocally falls into this category. Most of the 
reported cases are open to an alternative inter- 
pretation, the most common being auricular 
fibrillation with persistent or intermittent ven- 
tricular pre-excitation.!! This problem is dealt 
with in Figure 1C. . 

Isolated ectopic premature systoles occur in 
the pre-excitation syndrome as elsewhere and 
may be auricular, nodal or ventricular in origin. 
An unusual instance of ventricular parasystole 
unrelated to the syndrome is demonstrated in 
Figure 4. “Passive” ectopic impulse formation 
(nodal escape and A-V dissociation) can be 
observed in the pre-excitation syndrome. It is 
usually elicited by carotid sinus pressure or 
other types of vagal stimulation applied in order 
to break a paroxysm of tachycardia or for 
informative purposes. An example of the latter is 
shown in Figure 1B. Ectopic nodal beats, prema- 
ture or escaped, ordinarily show no pre-excita- 
tion component?-!1.22,26,29,30 but on occasion 
they may. 11.243! 

Finally, rare cases are on record in which ven- 
tricular pre-excitation occurred in the presence 
of second degree A-V block.!?15,22.32 A unique 
instance associated with first degree A-V block is 
reproduced. in Figure 3. 

The frequency of certain types of cardiac 
arrhythmias in association with ventricular 
pre-excitation indicates that they are an integral 
part of the entire syndrome. Any attempt to 
explain the syndrome and any concept ad- 
vanced must account for the occurrence of the 
phenomenon of pre-excitation under the various 
circumstances mentioned, and should explain 
the concomitant disorders of formation and 
conduction of the cardiac impulse on the basis of 
physiologically acceptable principles. Careful 
consideration of the pros and cons of the two 
main theories as to their applicability to simple 
and complex arrhythmias leads us to the con- 
clusion that the hypothesis of an accessory A-V 
connection is most appropriate to account for 
all of the known aspects of the pre-excitatio 
syndrome. | 
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We see, therefore, no present need for implica- 
tion of any other theory so far advanced. 

The Prodverties of the Anomalous A-V Connection 
and Their Bearing Upon ihe Manifestations of the 
Pre-excitatio2 Syndrome. The accessory atrio- 
ventricular bridge appears to be a congenital 
anomaly since pre-excitation occurs in the 
newborn and even in the premature,*®* and 
sometimes in association with other cardiac 
malformarions, 1419/54 and is possibly a hereditary 
anomaly siace the syndrome has been found in 
several members of one family. 135 It may repre- 
sent remnants of the embryonic atrioventricular 
canal wal. dislocated during its later incorpora- 
tion into -he adult A-V junction and its differ- 
entiation into specific muscle tissue.5* Such 
anomalous muscle fibres may be remote from 
the A-V abode (eccentric) ^1*:15 or may connect 
the latter and the common A-V bundle as a short 
cut to the upper portions of the ventricular 
septum. !4 Depending on the number, the loca- 
tion and the length of such accessory muscular 
A-V conmections the electrocardiographic pat- 
tern of ventricular pre-excitation and the 
associatec manifestations will vary from case to 
case. Thus an “eccentric” muscle bridge will 
tend to produce a pronounced delta wave ‘(as 
seen for instance in Figure 2), or pre-excitaticn 
may domanate the ventricular activation so as to 
minimize the excitation over normal pathways.?9 
Converse.s, a short anomalous bridge running 
close to tæ A-V node and quickly uniting with 
normal A-V pathways may cause pre-excitation 
(manifested by a shortened P-R) and yet not 
alter the mode and duration of ventricular 
activation significantly." An origin of the 
accessory A-V connection within the A-V node 
is suggested when ectopic (nodal) beats and beats 
of sinus origin show an identical pattern of 
pre-excitazion;?L3! or when pre-excitation is 
associated with A-V block. (Figure 3.) There 
may be amore than one accessory pathway;!!-18 
one may cause pre-excitation, the other may be 
used preferentially by impulses originating in the 
A-V node.?! This could explain the multiplicity 
of phenomena in our Figure 2. 

The property of conductivity in the anomalous 
A-V bypess may appear early in life and persist 
over mam" years?? or it may be latent at first and 
become manifest later,?? spontaneously or when 
normal conduction pathways are diseased 
(“acquired WPW syndrome").11?-16 Rapid con- 
duction -hrough such fibres may be persistent or 
intermitzent and may be unidirectional or bi- 
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directional. The fact that in the ectopic anoma- 
lous beats of Figure 5 retrograde activation of the 
atria precedes that of the ventricles can be 
explained on this basis. Variations in conductiv- 
ity in the accessory pathway under the influence 
of nerves and drugs do not always parallel those 
of the normal pathway.?? Sometimes only the 
anomalous path is affected, sometimes only the 
normal one and sometimes bota pathways. 
Under the last circumstances the etfects may be 
quantitatively different though in the same 
direction. Parasympathomimetic drugs and 
digitalis appear to affect adversely only normal 
A-V conduction, whereas quinidine and prone- 
styl? depress conductivity throuzh the by- 
pass.17-29,40,41,42 Such drug effects can be used to 
verify the presence of pre-excitatior. in doubtful 
cases or to unmask otber unrelated electro- 
cardiographic alterations.** An unusual example 
of independent changes of impulse transmission 
in the two pathways achieved by carotid sinus 
stimulation is shown in Figure 2B. 

Independent variations of refractoriness and 
recovery in the two pathways may influence 
the pattern of pre-excitation especially during 
rapid stimulation by auricular premature 
systoles (Fig. 1B) or in auricular fibrillation. 
(Fig. 1C.) Such inequality in the conditions for 
impulse transmission may lead to incomplete 
penetration of one of the pathways. Retrograde 
penetration of one pathway by impulses which 
have passed down the other can occur in this 
way, and may prevent subsequent stimulation of 
the former from the atrial end. This mechanism 


—a variety of concealed conduction—may : 


account for temporary disappearance, or ap- 
pearance, of pre-excitation during rapid heart 
action, as exemplified in Figure 1C. Common 
types of aberrant ventricular conduction are 
seen especially at the onset of paroxysmal 
tachycardia (Fig. 1B) and may complicate 
interpretation of such records. !* 

Since an accessory A-V conduction path may 
have all these properties it is possible to explain 
satisfactorily all varieties of rapid heart action 
associated with pre-excitation. Impulses con- 
ducted in a normal fashion through the A-V 
. junction to the ventricles may return back to- 
ward the atria via the anomalous path!? (a 
variety of re-entry), and continuation of such 
a re-entry mechanism may initiate and per- 
petuate rapid heart action. In support of such a 
view is the fact that in cases in which the onset 
of supraventricular tachycardia was recorded 
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the last beat preceding the tachycardia was not 
of the pre-excitation type.!144-47 (This is also 
the case in Figure 1B.) It is our belief that when 
the path of the circulating wave thus initiated 
includes a large portion of the atrial myo- 
cardium, the atria will take part in the paroxys- 
mal tachycardia. The P wave during this 
tachycardia may be upright or retrograde. It will 
be upright when during the atrioventricular 
reciprocation the circulating wave enters the 
atria in a region which is remote from the A-V 
nóde, and at such a point as to cause atrial 
activation to take place in a direction similar to 
normal, that is, from right to left. A retrograde P 
wave may result either when the circulating 
wave enters the atria from the left, remotely from 
both A-V and S-A nodes, under which circum- 
stances the atrial invasion will precede re-entry 
into the A-V node; or when the anomalous 
path originates close to or within the A-V node, 
under which circumstances the atria may not be 
included in the re-entry path but will be 
activated in retrograde fashion by impulses 
radiating from the re-entry sweep. A “nodal” 
type of paroxysmal tachycardia will then be the 
result. It is conceivable that in the latter case the 
atria remain under the control of the sinus node, 
with A-V dissociation, but this appears to be 
extremely rare. Under all these circumstances 
atrial activation takes place in a coordinated 
manner. However, should the first or one of the 
later impulses returning to the atria via the 
anomalous path reach the atria very early 
in their cycle, while they are partially refractory 
and in their “vulnerable phase," it may initiate 
auricular fibrillation? (or flutter). It is possible 
that paroxysmal auricular tachycardias preced- 
ing the onset of flutter and fibrillation, as seen in 
Figure 2, are initiated in this way, and not by 
way of the re-entry mechanism described. 

With the onset of auricular fibrillation (or 
flutter), A-V reciprocation is stopped and im- 
pulses of the fibrillating atria will start to pass 
down in rapid irregular sequence either over the - 
normal or the anomalous path, depending on 
their state of recovery from preceding stimula- 
tion. Since each impulse passing down one 
path has a tendency to penetrate in retrograde 
fashion into the other, thus rendering it re- 
fractory,!? normal or anomalous, activation of 


. the ventricles will continue for some time until, 


during a longer ventricular pause, the other 
pathway recovers and becomes dominant. 
(Fig. 1C.) Due to this mechanism, the anomalous 
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beats during auricular fibrillation are usually 
wider than during sinus rhythm, being entirely 
composed of the delta wave—the ordinary 
fusion beats of pre-excitation occur only at the 
time of transition of one type of ventricular 
excitation into the other.!* 

The occurrence of pre-excitation beats during 
auricular fibrillation, in which there is no 
synergic auricular contraction, is a strong 
argument against the concept that in sinus 
rhythm with pre-excitation auricular contrac- 
tion by mechanical stimulation causes prema- 
ture discharge of an irritable ventricular focus 
and that the impulse so generated interferes 
with the sinus impulse travelling only over 
normal A-V paths. It favors the view that an 
anomalous path must be involved. Another 
strong point favoring the concept of anomalous 
A-V conduction, and opposed to the concept of 
an irritable ventricular focus, is the occurrence of 
pre-excitation complexes in cases with A-V 
block. In instances of second degree A-V 
block}2-15.29.32 with dropped ventricular beats it is 
hard to conceive how failure of response of the 
supposed ventricular focus occurs simultaneously 
with failure of the sinus impulse to pass the 
A-V junction. In the instance of first degree A-V 
block illustrated in Figure 3 latency of response 
of the ectopic focus synchronized with the delay 
of A-V conduction would have to be postulated, 
a highly improbable circumstance. Implica- 
tion of an A-V conduction disturbance affecting 
two conduction pathways, one of which is 
anomalous, offers a much more reasonable and 
simple explanation. It is possible that the im- 
pulse might be delayed or stopped simul- 
taneously in both pathways. (Fig. 1B.) When, 
however, the anomalous path is assumed to origi- 
nate in or below the A-V node, only one area of 
block, within the node, need be postulated. 

On rare occasions ectopic beats have been 
observed in this syndrome which partly or 
entirely match the contour of the sinus beats 
with pre-excitation but occur unrelated to a P 
wave,*?29 are linked at a shortened P-R to an 
anomalous P®%48 or are preceded by a frankly 
retrograde P at an abnormally short P-R.*9,59 
An example of the latter is shown in Figure 5. 
Such beats, it would appear to us, originate in 
the anomalous path itself. 

The recognition that impulse formation may 
on rare occasions take place in the anomalous 
fibres does not contradict the concept that the 
principal role of the accessory path is to ac- 
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celerate A-V conduction and thus to produce the 
syndrome cf pre-excitation. As in ordinary A-V 
junctional -issue, two properties may exist in a 
congenitally displaced portion of it. It appears 
that the property of conductivity of such fibres, 
both in a -orward and in a retrograde direction, 
is the primary factor responsible for the usual 


' spontaneous manifestations of the syndrome, 


and that tke property of rhythmicity ordinarily is 
absent or dormant. Rarely, the latter too may 
come into operation, and then causes isolated 
prematurz systoles, or takes over the pacemaker 
function cf the heart, as occurred in the case 
illustrated in Figure 5. 

It has been stated that “delayed anomalous 
conduction which would furnish the final link in 
the chain of evidence for a functioning struc- 
tural accessory (A-V) pathway has never been 
observed; '?? and that “there is no proof that 
stimuli originate in the anomalous pathway."!? 
We believe that these two missing links are 
providec in the two observations reproduced in 
Figures 3 and 5. Future similar demonstrations 
of such a dual function of the supposed anoma- 
lous fibres should prove the case in favor of the 
presence of an accessory A-V connection in the 
pre-excitation syndrome. 


SUMMARY AND CONCLUSIONS 


1. Five selected cases of the pre-excitation 
(WPW) syndrome which exhibited various 
types of disturbance of formation and conduc- 
tion of -he cardiac impulse were submitted to 
detailed analysis and examined as to the ap- 
plicabi:k&y of the two fundamental concepts of 
pre-excitation, the hypothesis of an hyper- 
excitable ventricular focus and that of an 
anomalous A-V conduction bypass. 

2. In all five instances the hypothesis of one or 
more anomalous A-V connections proved most 
approp-iate to account for all aspects of the 
pre-excitation syndrome, including various sim- 
ple and complex arrhythmias. This was true even 
in the presence of a ventricular parasystolic 
center. 

3. In one case in which ventricular pre- 
excitation occurred in association with an 
abnormally prolonged P-R interval, the ac- 
cessory A-V junction was considered to originate 
in the lower portion of, or below, the A-V node. 
In another instance, intermittent spontaneous 
impul.e formation in an accessory A-V bridge 
had io be postulated to account for all char- 
acteristics of the ectopic beats occurring as 


764 


sporadic premature systoles or in tae form of a 
paroxysmal tachycardia. Delayed anomalous 
excitation, and impulse formation ir. the anoma- 
lous bypass, demonstrable in these two cases, 
represent two missing links pcstulated as 
additional evidence for the concept of an 
accessory A-V connection. 


4. On this basis it would appear that the © 


anomalous muscular A-V connection present in 
patients with the pre-excitation syndrome has 
the special properties ordinarily artributed to 
specific cardiac tissue, viz., conductivity and 
rhythmicity. The property of conductivity 
predominates and is the one which is responsible 
for the common spontaneous manif2stations of 
ventricular pre-excitation, including the various 
associated disorders of rhythm. The »roperty of 
rhythmicity, .when present, ordinarily is dor- 
mant. In exceptional instances.it may become 
manifest and lead to isolated ectopic beats or to 
ectopic rhythms. 


~- Acknowledgment: We are indebted to Dr. S. 
Contro for permission to include his observation 
(Case 3), and to Dr. R. Langendcrf for his 
comments. l 


ADDENDUM 


Since this study was submitted for pablication 
further proof of the existence of accessory A-V 
connections was provided by Lev, G:bson and 
Miller (Am. Heart J., 49: 725, 1955) by careful 
histologic study of the entire conduction system 
and both A-V rings in a case cf Ebsteir.’s disease 
associated with ventricular pre-excitation. About 
the same time, Borduas, Rakita, Kennamer and 
Prinzmetal (Circulation, 11: 69, 1955) advanced 
the view that the Wolfft-Parkinson-WzZite syn- 
drome is an example of ‘“‘accelera-ed A-V 
conduction,” a hitherto unrecognized zbnormal 
mechanism operating within the A-V node. As 
evidence for this concept they presented short 
strips of clinical and experimental electro- 
cardiograms which, in our judgment, may be 
interpreted as: (1) nodal escape and nodal 
rhythm leading to intermittent A-V dissociation, 
(2) ventricular premature systoles in-erfering 
with A-V conduction of sinus impulses, or (3) 
2:1 A-V block in which the P-R curation 
exceeds the P-P interval. 


ILLUSTRATIVE APPENDIX 


Figure 7. All strips are lead 1 recordec on dif- 
ferent occasions in a sixty year old mzn with 
hypertension. 
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In strip A, during sinus rhythm (rate 64), the 
pre-excitation syndrome is revealed by the com- 
bination of a short P-R (0.08 sec.) and a small 
delta wave widening QRS ‘to 0.10 sec. Four 
such sinus beats are seen in strip B viz., the first 
two and the fifth and seventh beats (S-T is 
depressed, unlike those in A). Each of these 
beats except the first is followed by two prema- 
ture P waves (pairs of auricular premature 
systoles; giving rise to an upright notch in the 
ST-T of the preceding beat. The first of these 
pairs of premature P waves is conducted and 
leads to a pre-excitation beat with an exag- 
gerated delta wave and a negative ST-T. In 
these beats a greater amount of ventricular 
muscle is stimulated in an anomalous fashion than 
in the sinus beats. The second P wave of the 
pair occurs at a shorter P-P interval than the 
first. In the second group it is non-conducted; in 
the first and third groups it is conducted, giving 
rise to a totally different diphasic ventricular 
complex, with a tall upright T wave and a QRS 
of 0.10 sec. but without a delta wave. In these 
beats ventricular activation takes place entirely 
over ordinary A-V conduction pathways but this 
is altered by aberrant ventricular conduction 
such as occurs commonly in early auricular 
premature systoles. In the third group, this 
beat, in turn, is followed by a run of regularly 
spaced beats (rate of 188) of normal QRS dura- 
tion (0.07 sec.) with a P wave preceding 
each ventricular complex (auricular paroxysmal 
tachycardia). 

The variety of ventricular complexes en- 
countered in strip B and their recurrent group- 
ing can be explained appropriately by assuming 
the presence of two A-V conduction pathways 
having independent characteristics of refractori- 
ness and recovery. When the rate is slow (as in 
À), conduction over the ordinary pathways 
dominates over that through the anomalous one, 
resulting in the appearance of only a small delta 
wave. This dominance of the ordinary path 
lessens in the first of the premature beats (in B), 
apparently because recovery is faster in the 
bypass. However, in the second of the pair of 
conducted premature beats the dominance is 
reversed in favor of normal A-V conduction. 
This paradoxic behavior of the two pathways 
cannot be accounted for by simple recovery 
phenomena. It may be that the cycle length 
preceding the beat ahead of a premature im- 
pulse exerts a more pronounced influence upon 
the duration of the refractory period of the 
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paroxysm of supraventricular tachycardia (B) and a paroxysm of aur cular fibrillation (C). (See text.) 


ordinary path than of the anomalous one, so that 
after two successive short cycles conduction is 
enhanced over the normal A-V conduction 
pathways. 

The second impulse of the pairs of premature 
systoles occurs so early that it leads to the usual 
type of aberrant ventricular conduction and, on 
one occasion, does not yield a ventricular 
response. In the latter case it must have been 
stopped in both pathways. 

The absence of the delta wave during the 
stabilized period of rapid heart action at the end 
of strip B sbows that only normal A-V conduc- 
tion pathways are used in transmitting the im- 
pulse from the atria to the ventricles. Apparently 
the second premature impulse in the last group of 
premature beats, after activating the ventricles, 
succeeded in penetrating the bypass backward 
to reach and reactivate the atria, and. thus 
initiated continued atrioventricular reciproca- 
tion. Obviously because the bypass was used for 
retrograde conduction it could not be entered by 
the rapid auricular impulses. 

In strip C the diagnosis of auricular fibrilla- 
tion is made on the basis of the irregular rapid 
ventricular beats and the presence of irregular 
undulations (f waves) clearly seen in the second 
half of the strip. The run of bizarre unevenly 
spaced ventricular complexes in the first half of 
the record is not due to ventricular paroxysmal 
tachycardia (which it resembles) but to conduc- 
tion of auricular impulses through the anoma- 
lous bypass. This is established by comparing 
these beats with the pre-excitation beats in A 
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and B. A: arst, during auricular fibrillation, the 
delta waz2 occupies the entire upstroke and 
QRS measures 0.14 second, suggesting that the 
ventricular activation is effected entirely by the 
anomalows path. Apparently impulses con- 
stantly ar» penetrating into the normal A-V 
conduction pathways from the ventricular end 
and render the A-V node refractory to impulses 
from the fibrillating atria (a variety of con- 
cealed conduction). However, in the middle of 
the recorc, when the ventricular rate transiently 
slows, or.€ of the auricular impulses succeeds in 
completely traversing the normal A-V pathways 
in a forward direction and immediately condi- 
tions are reversed. This impulse after reaching 
the vent-icles then penetrates into the bypass in 
retrogradls fashion and so renders this path 
refractory to auricular impulses. This continues 
and the result is persistent normal forward A-V 
conducton up to the end of the record. The 
slight vaciations in the QRST contour during 
this latrer period is a common occurrence in 
ordinarz auricular fibrillation. 

In summary, this case illustrates: (1) the 
variety of types of ectopic auricular impulse 
formatioa which may accompany the pre- 
excitatioa syndrome; (2) the variations in 
ORST contour caused by the availability of an 
accessor” conduction pathway; and (3) the 
problera of differentiating ventricular paroxys- 
mal tachycardia from the combination of 
pre-exa-ation with auricular fibrillation. 

The -act that ventricular pre-excitation occurs 
during bouts of auricular fibrillation excludes 
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Fic. 2A and B. Ect topic supraventricular rhythms (A) and effects of carotid sinus pressure (5) in the pre- 


excitation (WPW) syndrome. (See text.] 


the view that the anomalous component of QRS 
is due to mechanical stimulation by the atrial 
contraction of an irritable focus in the ventricles, 
since such a synergic contraction of the atria is 
not present in auricular fibrillatior. On the 
other hand, it is no more difficult to explain the 
occurrence of auricular fibrillation (aad flutter) 
in the pre-excitation syndrome by the assump- 
tion of an accessory A-V pathway than that of 
other forms of paroxysmal supraventricular 
tachycardia. If a single auricular impulse, hav- 
ing traversed the normal A-V conduczion path- 
way, returns to the atria via the znomalous 
bypass and reaches the atria early, in the 


“vulnerable period,” auricular fibrillation (or 
flutter) may be initiated instead of a reciprocat- 
ing mechanism between atria and ventricles 
which causes regular supraventricular paroxys- 
mal tachycardia. 

Thus the assumption of an anomalous A-V 
bypass can best account for all varieties of dis- 
turbance of rhythm and alterations in QRST 
contour encountered in this case. 

Figure 2. -The records shown (all in lead n, 
with time lines indicating 0.05 sec.) are portions 
of numerous tracings obtained in a twenty-year 
old man with rheumatic heart disease. 

The variety of A-V conduction patterns ob- 
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served during periods of different rhythm are 
shown in A. In the top strip there is sinus 
bradycardia (rate 50) with normal A-V (P-R, 
0.20 sec.) and intraventricular (QRS, 0.08 sec.) 
conduction. In the second strip in which the 
sinus rate varies between 57 and 67, the last three 
beats reveal a contour characteristic for ventric- 
ular pre-excitation in that QRS is prolonged to 
0.14 sec. by a distinct delta wave. The latter 
starts immediately after a small terminal 
notch of the P wave so that P-R is shortened to 
0.12 sec. The demarcation of the anomalous from 
the normal component of ventricular activation 
is very sharp. The first two beats of this strip 
differ in contour from both the normal (in the 
tod strip) and the pre-excitation beats. Their 
QRS is 0.11 sec. and their P-R distance varies. 
These are ectopic (nodal) beats, activating the 
ventricles during a period of A-V dissociation. 
The reasons for the slight aberration: of their 
contour is discussed later. The lower four strips 
exemplify various types of disturbances of atrial 
rhythm observed in this patient. In the sequence 
from above down, there is, first, a paroxysmal 
auricular tachycardia (rate 172) with 1:1 A-V 
conduction. In the next strip the same tachy- 
cardia is seen at a slightly faster rate (180) with 
irregular A-V conduction varying between 3:1 
and 5:1 ratios. In the next strip there is auricular 
flutter (rate 300) with regular 4:1 A-V conduc- 
tion, and in the last strip auricular fibrillation 
has developed (rate about 400) with a slow 
irregular ventricular response (average 60). All 
these varieties of rapid auricular action cause 
ventricular activation via normal A-V conduc- 
tion pathways as evidenced by the normal con- 
tour and duration (0.08 sec.) of QRS; (compare 
with top strip). 

Various effects of carotid sinus pressure upon 
A-V conduction and ventricular activation dur- 
ing sinus rhythm are shown in B. In the top strip, 
which starts with a pre-excitation beat, carotid 
sinus stimulation (|) causes slowing of the sinus 
rate. The node escapes and causes, by A-V inter- 
ference, a period of A-V dissociation until, after 
release of carotid sinus pressure (1), the ventric- 
ular pre-excitation by the sinus impulse is 
resumed. The nodal beats show the same slight 
aberrant contour seen at the beginning of the 
second strip of A. In the lower strip, the effect of 
carotid sinus pressure during the pre-excitation 
is more marked and causes a period of complete 
standstill of 3.2-second duration because both 
sinus and A-V nodes are suppressed. The first 
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beat after tke onset of the carotid sinus pressure 
(1), and the three beats following the pause, 
differ in coatour from the pre-excitation com- 
plexes ordicarily seen in this patient in that the 
amplitude 5f the terminal narrow portion is 
smaller, wkereas the delta wave is somewhat 
taller. 





Fic. 2C. A diagrammatic representation of the three A-V 
conduction pathways assumed to be present in Figures 
2A and 23. 


The cbservations in this patient’s records can 
be summarized as follows: Four types of ventric- 
ular bezts are present, viz., (1) the normal type 
seen w:th both sinus and ectopic rapid auricular 
rhythms; (2) ordinary pre-excitation beats seen 
intermictently only during sinus rhythm; (3) 
modified pre-excitation beats occurring with 
carotid sinus stimulation, and (4) ectopic 
supraventricular beats, nodal in origin, with 
aberrzmt ventricular contour. Carotid sinus 
stimulztion, besides altering the contour of the 
pre-excitation beats, caused sinus slowing with 
nodal escape, or simultaneous standstill of both 
the sinus and A-V nodes. 
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Fic. 3. Pre-excitation (WPW) —€— Sh Diolnged P-R interval in a thirty-two yea 


old man, asympto- 


matic and without clinical evidence of heart disease. (Time lines 0.05 sec.) (See text.) 


While it seems impossible to acccunt for this 
combination of phenomena on a uniform basis 
by implicating an hyperexcitable ventricular 
focus, they can be explained on the assumption 
that there are three A-V conduction pathways, 
as indicated in the accompanying diagram 2C. 
In this diagram (1) represents an anomalous 
pathway bypassing the A-V node, (2) represents 
the ordinary normal conduction pathway, and 
(3) represents a preferential path near (2) used, 
as is often the case, by impulses of nodal origin. 
The sinus impulses, in stimulating the ventricles, 
use either path (2)—with a normal QRS result- 
ing; or both (1) and (2)—with a ore-excita- 
tion beat resulting. Nodal impulses stimulate the 
ventricles over their preferential pathway (3) 
whereas the ectopic auricular impulses (during 
auricular tachycardia, flutter and fibrillation) 
can use pathway (2) only. Pathway (1) is refrac- 
tory during the rapid auricular activiry because 
it is persistently penetrated in a backward 
direction from its ventricular end by the rapid 
auricular impulses returning to the atria, a 
re-entry mechanism which may be responsible 
for initiation as well as perpetuation of the rapid 
atrial activity. At times the A-V node escapes 
because the sinus rate slows below the inherent 
rate of the node. As a consequence, the forward 
impulse transmitted from the node over pathway 
(3) dominates the ventricles. The retrograde 
nodal impulse interferes with the cncoming 
sinus impulse and causes A-V dissociation. The 
absence in nodal beats of a delta wave (indicat- 
ing ventricular stimulation by an impulse 
traversing pathway (1)) means that the nodal 
and sinus impulse interfere with each other 
either above, within or at the ventriculer end of 
pathway (1). Either of the two impulses (the 


forward or retrograde one) may penetrate the 
anomalous pathway, without traversing it, and 
this would represent a variety of concealed A-V 
conduction. 

The effect of carotid sinus stimulation upon 
the contour of the pre-excitation beats is the 
result of depression of the conductivity of path- 
way (2), so that the sinus impulse which divides 
to use both pathway (1) and pathway (2) 
travels more slowly over the latter and, as a 
consequence, more of the ventricles will be 
dominated by the impulse reaching it over path- 
way (1). Therefore, the resulting ventricular 
fusion beats will show a greater delta and a 
smaller normal part in the ORS complex. 

Again, the hypothesis of. anomalous A-V 
bridges appears to be the only one which can 
satisfactorily explain all the facts observed, i.e., 
the variable contour of ventricular beats under 
different conditions as well as the multiplicity of 
abnormal rhythms encountered. 

Figure 3. ln each lead two types of ventric- 
ular complexes are seen, one of which is normal 
whereas the other has a contour typical for 
ventricular pre-excitation with QRS prolonged 
to 0.12 sec. The P-R interval of both is abnor- 
mally prolonged, although to a lesser degree 
(0.24 sec.) in the pre-excitation beats than in the 
beats with normal ventricular activation (0.30 
sec.). The interval from the onset of P to the end 
of QRS is the same in both (0.36 sec.). While 
in V2 the pre-excitation syndrome could be 
questioned, and late diastolic ectopic ventricular 
beats with A-V interference might be suspected, 
the presence of pre-excitation is established in 
the three standard limb leads in which anoma- 
lous beats at a constant P-R occur several times 
in succession. A 
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Fro. 4. Venticular E in D deg pre-excitation (WPW) syndrome in a seventy-two year ciis man m 


chronic coronary insufficiency. 


This case is unique because it illustrates that 
ventricular pre-excitation may take place with a 
P-R interval still abnormally long. Thus an 
abnormally short P-R is not a necessary part of 
the syndrome. Moreover, this observation 
necessarily leads to certain conclusions, in this 
particular case and in general, as to the mecha- 
nism of ventricular pre-excitation. With such a 
long P-R interval of the pre-excitation beats it is 
very difficult to conceive any type of stimulation 
—mechanical or electrical—of an irritable 
ventricular focus by atrial activity occurring 
ahead of the impulse traveling down over 
normal A-V conduction pathways. Thus one 
of the two principal concepts advanced seems 
to be ruled out. If, on the other hand, an 
anomalous connection is present between atria 
and ventricles, the block causing the prolonged 
P-R in both normal and pre-excitation beats 
must be located above its origin unless simul- 
taneous depression of about equal degree is 
assumed in both the normal and anomalous 
pathways; this last is extremely unlikely. Since 
abnormal impedance to A-V conduction is 
most commonly located in A-V junctional tissue, 
and particularly in the A-V node, it can be 
concluded that the anomalous path, over which 
the impulse bypasses part of the obstacle of the 
A-V junction, arises either in the lower portion 
of the A-V node or below it. 

This case may therefore be considered to be a 
strong link in the chain of evidence in support of 
the concept ascribing ventricular pre-excitation 
to an anomalous A-V bridge bypassing the 
obstacle to impulse conduction in the A-V node, 
entirely or in part. 
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Figure 4. The two leads shown in the upper 
row have typical earmarks of ventricular 
pre-excitaticn: upright P waves (rate 59) linked 
by a constant abnormally short (0.10 sec.) 
P-R interval to abnormal QRS complexes 
widened to D.12 sec. by a delta wave. The last 
beat in lead 1 and the third beat in lead mm occur 
prematurely and have a contour totally different 
from the dominant pre-excitation beats. Their. 
coupling to sinus beats differs and so coes their 
relation to F. In lead n1 a sinus P wave, in lead 1 
a premature P, can be identified within their 
S-I. On tms basis the diagnosis of ventricular 
premature zystoles is made, causing A-V inter- 
ference (in m1), or retrograde conduction to the 
atria (in 1), depending on the length of their 
coupling. 

Because of the variability of the coupling of 
the ectopic beats a long record of lead m was 
obtained cn the next day, two continuous 
portions of which are shown in the two lower 
strips. (The last beat of the middle strip is repro- 
duced as -he first beat of the lowest strip.) 
The dominant sinus beats (rate 79) and most of 
the ectopic beats resemble those seen previously 
in lead rr. However, two beats (the fifth in each 
strip), which follow a sinus P wave, have a 
contour intermediate between the two types. 
Both start with a delta wave but in the former 
the terminal portion of QRS resembles the sinus 
beats whe in the latter it resembles the ectopic 
beats. These are ventricular fusion beats with 
ventriculzr interference between a sinus impulse 
and an ectopic impulse occurring subsequent 
to the ventricular pre-excitation. When the 
intervals 5etween ectopic beats, and ectopic 


: : IMMO M I EIER 


Td E YnORA che dw. 
SA E ERREA 


7H 


EU C 
FRE 


Ht. d 
IERI SE 


i 


ih T 


i 
din 





The Pre-ex-itation (WPW) Syndrome—Pick, Katz 


E 
a ye 
LJ 1 TH 
peti 
5i 


Fic. 5. Pre-excitation (WPW) synd-ome with ectopic beats apparently arising in the anomalous path, in a 
sixty-seven year old man with chronic bronchopulmonary disease. (See text.) 


and fusion beats, were measured in the entire 
record the presence of a ventricular parasystolic 
focus, discharging at a regular rate of 31, could 
be established. 

An irritable ventricular focus res»onding with 
premature impulse formation to tke atrial con- 
traction has been invoked to account for the 
phenomenon of ventricular pre-exc.tation. Since 
in this case the autonomous protected" 
rhythmic character of the ectopic ventricular 
focus was unquestionably demonstrated, it 
cannot be involved in producing the ventricular 
pre-excitation of the sinus beats. The protec- 
tion from other impulses which permits main- 
tenance of its steady rhythm rencers such an 
implication impossible. Thus premature ventric- 
ular systoles can occur coincidentally with the 
pre-excitation syndrome, as in any other 
condition. 

Figure 5. In A, in the dominant sinus rhythm 
(rate 60), the presence of the p-e-excitation 
syndrome is diagnosed on the bass of a short 
P-R (0.10 sec.) and the presence of e delta wave. 
The anomalous component, widen:ng QRS to 
0.12 sec., starts as an upright deflection in all 
three leads, largest in 1. In addition, there are 
premature systoles in each lead preceded by 
premature P waves of retrograde cortour, with a 
P-R less than that of the sinus Leats. These 
beats start with a deflection similar to the delta 
wave of the sinus beats but unlike the latter, its 
, course is not interrupted by the slerder normal 
positive component of simultaneous ventricular 
invasion via normal A-V pathways. Thus the 
entire downward deflection of QRS of the 


premature beats in leads u and mr seems to be 
caused by the impulse entering the ventricles 
anomalously. 

In B, obtained in the same patient on a differ- 
ent occasion, all beats resemble the isolated 
premature beats of A in regard to P, P-R and 
QRST. They recur at a regular rate of 75, which 
is faster than the previous sinus rate. Hence, it 
appears that the same ectopic focus which 
produced the sporadic premature beats in 
record A has taken over the control of the entire 
heart in record B since its impulses occur in 
regular sequence and at a rate faster than the 
primary sinus pacemaker. 

The main problem in this case is in identify- 
ing the location of the ectopic focus and deter- 
mining its bearing upon the possible mechanisms 
of the pre-excitation syndrome. The two relevant 
facts in this connection are: (1) that the ventric- 
ular complex of the ectopic beats starts like the 
sinus beats but the final element of the sinus 
beats is missing; (2) that there is a retrograde 
premature P wave ahead of these beats with a 
P-R shorter than that of the sinus beats. Since 
the criterion of use of the normal A-V path (the 
slender upright terminal part of sinus QRS) is 
absent, it is concluded that the ordinary A-V 
conduction path is not being used in the ectopic 
beats. If this is so, then these beats cannot be 
nodal in origin (even though they have some of 
the earmarks of nodal origin); otherwise, some 
element of normal A-V conduction should be 
visible in the QRS of these beats since an impulse 
arising in the A-V node has to traverse it. It is 
thus the absence of signs of ventricular fusion in 
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the ectopic beats which excludes their origin in a 
nodal focus in this instance. The ectopic focus 
must therefore be localized to an area which 
permits: (1) rapid retrograde stimulation of the 
atria; and (2) stimulation of the ventricles over 
anomalous pathways, either completely when 
the ectopic focus dominates the heart, or 
partially when the sinus rhythm is effective. The 
logical conclusion is that the ectopic focus is 
located within an anomalous A-V bridge. 

This record is significant in regard to the 
concept of the pre-excitation syndrome. It 
shows that the anomalous path not only permits 
impulses to bypass the ordinary conduction 
pathway but also can initiate impulses itself or, 
more properly, contains tissues which have this 
potential property. Ordinarily, the property of 
conductivity seems to be dominant in the 
anomalous bypass and that of impulse formation 
is latent or absent. If our interpretation is cor- 
rect, the A-V bypass in this case showed both 
conductivity and spontaneous rhythmicity. The 
former led to ventricular pre-excitation during 
sinus rhythm, the latter to sporadic premature 
beats and a paroxysm of ectopic heart action 
in which retrograde conduction was as rapid as 
forward conduction. The demonstration of such 
a dual function provides further support for the 
assumption of an accessory A-V connection in 
the pre-excitation syndrome. | 
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EMATURIA in sickle cell anemia has been 
ascribed to congestion of small vessels, 
thrombosis, stasis and infarction necro- 


sis in the kidneys.! These changes have been 
linked to the abnormal sickle shape of the red 


cells in this disease. Pathologic evidence has. 


been obtained in these cases of puckering of the 
renal surface from obliteration of engorged 
arteries, destruction of glomeruli from blockage 
of glomerular arteries, and scarring in the apices 
of the pyramids as a result of capillary bed 
blockage by sickled red cells between collecting 
tubules. Kimmelstiel? described the changes as 
temporary capillary stasis after shock, and spasm 
with ischemia and necrosis as a result of plugging 
of capillaries by sickled cells, resulting in vessel 
wall injury and, rarely, in true capillary thrombi. 

The incidence of hematuria with sickle cell 
anemia has been reported by Henderson’ as 
three in fifty-four cases and by Patterson, Wilson 
and Diggs as two in 142 cases. 

Abel and Brown? in 1948 reported a case of 
gross hematuria with a red cell count of 4,000,- 
000, back pain and persistent filling defect in 
the left kidney in which eventual nephrectomy 
was performed. This could be considered a 
doubtful case of hematuria in sickle cell trait. 
Goodwin reported four cases of hematuria in 
sickle cell disease, several of which could have 
been due to sickle cell trait. It is also possible 
that some of his cases may have been sickle cell 
hemoglobin-C disease. He also reviewed the 
hospital records from 1938 to 1947 and found 
nineteen cases of essential hematuria in Negroes, 
six of whom had sickle cell trait, two were nega- 
tive and the rest were not tested. This author 
postulated minute thrombosis leading to stasis 
and vascular leakage as the underlying pathol- 


ogy. Greec" et al.’ reported a case of sickle cell 
trait with hematuria, in which nephrectomy was 
performed. The pathologist reported a grossly 
normal kidney with clumping and sickling of red 
cells in the papillae on microscopic section. 
Pyelograpky and cultures for acid-fast organisms 
were negative. Ryan and Fuller? reported the 
case of a tairty-one year old Negro with sickle 
cell trait who had painless hematuria and in 
whom cystoscopy and retrograde studies were 
negative. Nephrectomy was performed, exami- 
nation of :he specimen showing small hemor- 
rhagic areas in the mucosa of the calyces. 
Harrison end Harrison? reported on nine pa- 
tients wita unilateral hematuria and sickle cell 
disease. Most of the cases represented sickle cell 
trait; one aad sickle cell anemia. Nephrectomy 
was performed in four cases and pathologic 
examination revealed petechiae, edematous 
papillae, hemorrhages, vascular dilatation and 
sickling m the vessels. In one case increase 
in size amd proliferation of tubular epithelial 
cells was seen. The authors favored Kimmel- 
stiel’s shock theory of peripheral vascular spasm, 
leading to ischemic necrosis of tissue by “‘pack- 
ing" of capillaries with sickled cells causing 
vessel wal. injury and ultimate infarction. They 
also suggested an additional factor of inherent 
kidney cefect, vascular or otherwise, in the 
presence cf sicklemia as a cause of these changes. 
Lund et al." reported seven cases of gross 
hematurié; six were unilateral and one was 
eventually bilateral. Two nephrectomies were 
performec and pathologic examination revealed 
sickle cells in the engorged small vessels, venules, 
capillaries, glomeruli and areas of hemorrhage. 
Their studies included acid-fast cultures, Papan- 
nicolaou and hemoglobin alkali resistance 
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determinations. They found that bleeding was 
more common on the left side. 

Recent remarkable advances in the electro- 
phoretic study of the hemoglobinopathies have 
clarified many aspects of sickle cel. disease.?!-?? 
Many of the unusual cases of sickle cell crisis 
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globin-C disease. Diggs and Jones!? reported the 
case of a forty-eight year old Negress in whom 
abdominal pain, joint pains, fever, icterus, 
petechiae and coma developed after an alcoholic 
debauch, with sickling in the peripheral blood 
smear, targeting of the red cells and spleno- 


TABLE I 
CASES IN LITERATURE WHICH MAY HAVE BEEN SICKLE CELL HEMOGLOBIN-C DISEASE 
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without anemia, with transient anemia or with 
persistent splenomegaly can now be explained 
by the presence of sickle cell hemoglobin-C dis- 
ease. In 1929 Levy!! reported cases of sickle cell 
disease, one of which could easily fit this category. 
(Table 1.) Bauer!*!3 stressed the importance of 
circulatory stasis from engorgement of small 
vessels by sickled red cells as cause of symptoms, 
and minimized hemolysis. Review of his case 
reports suggest that one of these could have been 
sickle cell hemoglobin-C disease. Green and 
Lockhard! reported symptomatic sickle cell 
disease without persistent anemia, one case with 
a very unusual hemoglobin pattern electro- 
phoretically; these three cases could well have 
been sickle cell hemoglobin-C disease. Smith and 
Lockhard!’ reported the results of alter paper 
electrophoresis of hemoglobin in two cases of 
hematuria associated with sickle cell hemo- 


bout 
— Hematuria |. ...... SC — FH 3.8% 
Hematuria, | ...... SC — FH 6% 
knee pains 


megaly. It was postulated that the sickling 
process was precipitated by the alcoholic excess. 

A summary of these possible instances of 
sickle cell hemoglobin-C disease, as reported in 
the literature, is given in Table 1 Five addi- 
tional cases of sickle cell trait and three of sickle 
cell hemoglobin-C disease manifesting gross 
hematuria are described in this communication. 
Filter paper electrophoresis and fetal hemo- 
globin studies were performed. (Fig. 1.) Urologic 
studies and results of nephrectomy in several 
of these cases are being reported separately 
in more detail.!? 


CASE REPORTS 


Case 1. C. A., a thirty-eight year old man, 
was admitted to the Hines V. A. Hospital in 
June, 1953. He stated that he had had a bout of 
gross hematuria in September, 1950, treated at 
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Fic. 1. Photograph of filter paper strip showing types SA and SC hemo- 


globins as seen in our patients. Types SS, AA, and CC hemoglobins are 


shown for comparative purposes. 


the V. A. Hospital in Memphis, Tennessee. 
There were no further episodes of hematuria 
until June, 1953, when he noted dark urine for 
one week followed by grossly red urine one week 
preceding admission to the hospital. Physical 
examination was not remarkable. Hepato- 
splenomegaly was not present. The sickle cell 
test was positive; fetal hemoglobin was normal; 
filler paper electrophoresis revealed type AS 
hemoglobin. Evidence of hemolysis was lacking; 
blood chemical studies and genitourinary ex- 
aminations were normal. Since his discharge 
from the hospital in June, 1953, the patient 
has had two episodes of hematuria to date. His 
last red blood cell count was 4,700,000, with 
14 gm. of hemoglobin. Subsequent urologic 
examinations have been negative. 

Case n. J. G. B., a thirty year old Negro 
man, was first hospitalized at the Hines V. A. 
Hospital in 1949, on the Genitourinary Service. 
He gave a history of recurring episodes of bloody 
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urine since 1944. Because of abnormal intra- 
venous and -etrograde pyelograms, exploration 
of the left kidney was performed but no ab- 
normalities were found. 

In June, 1951, he was seen on follow-up 
examination and a sickle cell preparation was 
found to be positive. He has had frequent epi- 
sodes of hematuria since his original admission in 
1949. In all instances the hematuria has been 
painless and has cleared spontaneously. Physical 
examination during a recent hospitalization 
revealed a well developed, well nourished, Negro 
man with ne abnormal physical findings. Labo- 
ratory studes showed a red blood count of 
3,800,000, with 12.5 gm. of hemoglobin. The 
urine has varied between grossly bloody and 
negative. Chest x-rays have been essentially 
normal. Fiker paper electrophoresis revealed 
type AS hemoglobin. Alkali denaturation technic 
for fetal hemoglobin was normal. Subsequent 
intravenous pyelograms have been normal and 
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Fic. 2. A and B. Photomicrographs of sickle cells. A, in renal tubules; B, in glo- 
merulus of kidney in one case of gross hematuria. 


urine culture for acid-fast bacillus have been 
negative. 

Case mi. J. L., a twenty-four year old Negro 
man, first noted gross hematuria in November, 
1948, when he was serving in the Army as a 
laboratory technician. An intravenous pyelo- 
gram taken at this time was negative. In March, 
1949, complete genitourinary studies, including 


urine cultures, intravenous pyelograms and 
retrograde pyelograms, were carried out and a 
defect was found at the left ureteral pelvic 
junction suggestive of extrinsic pressure. Cysto- 
scopic findings revealed fresh blood coming from 
the right ureter. The patient continued to have 
gross and constant hematuria. In August, 1949, 
right nephrectomy was performed. The patient 
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thereafter noted no hematuria and was well until 
August, 1952, when he was hospitalized at the 
Hines V. A. Hospital for gross painless hema- 
turia. Throughout his hospital stay he showed 
alternating gross and microscopic hematuria; 
blood transfusion was necessary because of a low 
red cell count at one time during his hospital 
stay. Physical examination revealed a well 
developed, well nourished, Negro man who did 
not appear acutely ill. The heart and lungs were 
normal. There was no enlargement of the liver or 
spleen. Laboratory findings revealed a normal 
hemogram. The platelet count was 182,000. 
The sickling test was positive with metabisulfite. 
Filter paper electrophoresis revealed type AS 
hemoglobin. Alkali denaturation showed 0.8 per 
cent fetal hemoglobin. Frequent urinalysis dur- 
ing this hospitalization revealed grossly bloody 
urine. Retrograde and intravenous pyelograms 
were negative. À review of the sections obtained 
at the time of nephrectomy showed normal 
kidney parenchyma. Sickling of the red blood 
cells was noted in the vascular lumina. There were 
also sickled red blood cells in the ureteral wall 
associated with a submucosal hemorrhage. 

During this patient's last period of hospitaliza- 
tion he became asymptomatic. The hematuria 
ceased and he was discharged in December, 
1953. On follow-up examination he reports no 
further hematuria. 

Case IV. J. P., a seventeen year old Negro 
man, was admitted to the Cook County Hospital 
on May 27, 1953, with a history of painless 
gross hematuria of two weeks’ duration. Cysto- 
scopic study revealed bleeding from the left 
kidney but the pelvis was found to be normal 
after pyelogram studies. He was then asympto- 
matic for a period of three weeks but gross, 
painless hematuria recurred and he was read- 
mitted to the hospital. There was no history of 
chills, fever or weight loss. There was a history 
of tuberculosis in the family. Physical examina- 
tion revealed a well developed, well nourished, 
Negro man in no acute distress, and was 
essentially negative except for small bilateral 
axillary nodes. Chest x-ray was negative. The 
Mantoux test was positive in dilutions of 1: 1,000 
in forty-eight hours. Urine examination revealed 
gross hematuria. A sickle cell preparation was 
positive in twenty-four hours by the sealed 
technic. Hemogram and fragility studies were 
normal. Bone marrow revealed accelerated 
erythropoiesis. Paper electrophoresis demon- 
strated type AS hemoglobin. Fetal hemoglobin 


NOVEMBER, 1955 


777 


by alkali denaturation was 1.2 per cent. Genito- 
urinary study was negative except for the 
observatior: of bleeding from the left ureter. 

This patent was seen on follow-up examina- 
tion in Sepiember, 1953, and at that time gross 
hematuria continued. There were no other 
complaints. No enlargement of the liver or spleen 
was noted The eyegrounds were negative. 
Cultures o7 the urine for acid-fast organisms 
were negative. 

Case v. C. H. G., a twenty-seven year old 
Negro mar, was first admitted to the Hines 
V. A. Hospital in 1948 because of a detached 
retina which occurred while he was in service. 
At this time a sickle preparation was positive. 
He was readmitted to the Genitourinary Service 
in July, 19&3, with gross hematuria. Evaluation 
of the genitourinary tract at that time was con- 
sidered normal. He was again admitted to the 
Genitourinery Service in November, 1953, 
because of a second episode of painless, gross 
hematuria. Examination revealed a well devel- 
oped, well nourished Negro man who was in no 
acute distress. The spleen was palpable 1 cm. 
below the left costal margin on deep inspiration. 
The remairder of the examination was essen- 
tially normal. Retinitis proliferans of the right 
eye was foind by consultants from the Eye 
Department; this was thought to be secondary 
to an old retinal detachment and hemorrhage. 
Laboratory findings were as follows: Urine 
cultures for acid-fast bacilli were negative. 
Retrograde pyelogram revealed filling ab- 
normalities zn the right middle calyx suggestive of 
clots in the pelvis of the kidney. Cystoscopy 
revealed blcod coming from the right ureteral 
orifice. X-rzy of the chest was negative. X-rays 
of the ribs rzvealed a general increase in width 
with slight .ncrease in the trabecular patterns 
suggestive cf the bone changes in sickle cell 
anemia. The hemogram was normal as was the 
fragility tesz. Reticulocyte count was 1.5 per 
cent. Sickling was positive by the sodium meta- 
bisulfite technic. Fetal hemoglobin determina- 
tion by alka.i denaturation technic revealed 1.3 
per cent. Filter paper electrophoresis revealed 
type SC hemoglobin. 

The patient was placed at bedrest, had an 
uneventful recovery and was discharged from the 
hospital. Subsequent follow-up examinations 
have not revealed any further evidence of 
hematuria. 

Case vr. D. P., a forty-one year old, Negro 
man, was admitted to the Hines V. A. Hospital 
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on June 28, 1952, with a two-month history of 
painless and periodic gross hematuria, accom- 
panied by general weakness over the same period 
of time. He gave no history of prior episodes of 
hematuria, melena or hematemesis. Physical 
examination was not remarkable, revealing a 
moderately well nourished, well developed, 
Negro man. He was readmitted to the hospital 
on December 30, 1953, because of gross hema- 
turia, with clots, of three days’ duration. 
Cystoscopy at this time revealed a bloody efflux 
from the left ureteral orifice. Intravenous 
pyelograms and renal function tests were nor- 
mal. Physical examination at tais time was 
essentially negative except for enlargement of the 
liver which was palpated 2 cm. below the right 
costal margin. The spleen was not enlarged to 
palpation. Laboratory findings revealed a 
normal hemogram. Many target cells were noted 
in the peripheral smear. Sickling was positive 
by sodium metabisulfite technic. Fetal hemo- 
globin was 4 per cent. Filter paper electro- 
phoresis revealed type SC hemog-obin. Phenol- 
sulfonephthalein excretion was 45 per cent in 
fifteen minutes. 

Hematuria persisted until Januery, 1954, last- 
ing a total period of two weeks, and then 
stopped abruptly and did not recur. Subsequent 
follow-up examinations have shown no evidence 
of hematuria. 

Case vi. J. G., a twenty-five year old Negro 
man, was admitted to the Hines V. A. Hospital 
on November 19, 1951, because of painless gross 
hematuria, with clots, of three days’ duration. 
He complained of nocturia two times a night, 
but denied chills, fever, weight loss or night 
sweats. There was no history of venereal disease, 
urethral instrumentation or tuberculosis. Physi- 
cal examination revealed a moderately well 
nourished Negro man. He complained of weak- 
ness and light-headedness. The spleen was 
palpated 6 cm. below the left costal margin and 
was non-tender, smooth and firm. The liver 
was not palpable. The remainder of the physical 
examination was not remarkable. 

The hemogram showec the red blood count to 
be 4,000,000 with 13 gm. of hemoglobin. Platelet 
count and prothrombin time, serum non-protein 
nitrogen and blood proteins were normal. Red 
cell fragility studies were negative, as were the 
liver function tests. No sickling was noted on 
direct smear but increased numbers of target 
cells were found. The patient was cystoscoped 
and a bloody efflux was noted coming from the 
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left ureteral orifice. Genitourinary studies 
revealed normal retrograde pyelograms but 
intravenous pyelograms revealed a filling defect 
in the left upper calyx suggestive of clots in the 
pelvis. On December 12, 1951, because of persist- 
ent, gross bleeding from the left kidney of four 
weeks’ duration and with evidence of poor filling 
in the upper left kidney and calyx, left nephrec- 
tomy was performed. Grossly the kidney had a 
smooth surface and was pale yellow in areas. 
There was considerable perirenal fat. Mucosal 
erosion of the papillae and petechial hemorrhage 
were present. Microscopic examination revealed 
the renal architecture to be preserved. Glomeruli 
and tubules appeared to be essentially normal. 
One section of the ureter revealed an erosion of 
the mucosa, underneath which there was severe 
hyperemia at the site of bleeding. Sickling of red 
blood cells was observed in the vessel lumina 
and in the area of the submucosal hemorrhage. 
Repeat sickling procedures with sodium meta- 
bisulfite revealed a positive sickling test. Filter 
paper electrophoretic studies demonstrated type 
SC hemoglobin. Alkali denaturation studies 
revealed a fetal hemoglobin of 1.3 per cent. The 
patient was seen once subsequent to his opera- 
tion at which time hematuria had recurred. This 
is the only episode of hematuria that he has had. 

Case vin. D. W., a twenty-nine year old 
Negro man, was admitted to the Hines V. A. 
Hospital in December, 1953, with a history of 
gross hematuria of several days’ duration. ‘The 
hemogram at this time was normal, and a smear 
for sickling was reported as negative. No further 
hematologic investigation was made at that 
time. Intravenous and retrograde pyelograms 
were normal and cultures of the urine for acid- 
fast bacilli were negative. 

The patient was readmitted in June, 1954, 
for follow-up examination and the metabisulfite 
technic for sickling was found to give a positive 
result. Filter paper electrophoresis revealed type 
AS hemoglobin. The hemogram was normal as 
were reticulocyte counts, platelet counts and 
urinalyses. He has had no further episodes of 
hematuria. 

Summaries of the hematologic and urologic 
findings in these cases may be found in Tables x 


^ and im. 


COMMENTS 


A review of hospital records (U. S. Veterans 
Administration Hospital, Hines, Illinois) over a 
period of four years (1950 through 1953) 
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revealed seventy-six cases of idiopathic gross 
hematuria, twenty-two of which were in Negro 
patients. In the latter group, six were studied 
by the authors and found to have positive sickling 
tests. The remaining sixteen were recalled for 
evaluation and each of these patients had com- 
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mately 8 per cent.? We believe that the inci- 
dence of urexplained hematuria associated with 
sickle cell trait, which we have noted in six of 
fourteen pztients available for study, is signifi- 
cant and cannot be ascribed to mere coincidence. 
It would appear that the incidence of hematuria 


TABLE H 
SUMMARY OF HEMATOLOGIG FINDINGS 




















Fetal Sickling Red - Van Fragilities 
eta ; 
Hemo- Bono Target Blood Hemo- Reticu- den Spleno- 
Patient | globin : Cell jgiobin| locytes | Bergh 
globin | _. : Cells megaly 
Type (%) Direct | Bisul- Count | (gm.) % Test Initial | CO™ 
j Smear | fite (million) (mg. %) mina’ | plete 
C. A. AS | 1.0 | 0 + | ð 5.0 | 14 | 0.1 {0.3/0.6} 0 36 | 26 
47 30 
J. G. B. AS 1.5 0 + 0  14.7to3.8| 14 0.2 10.4/0.8 0 40 30 
EE AS 0.8 0 + + 4.5 14 0.4/0.9 0 36 22 
J. P. | AS | 1.2 0 4 0 Oo quod^ 32e R 0 36 24 
Cc. H. G SC 1.3 0 To qub 4.5 15 1:5. 10:7/1.3 + 36 24 
D. P SC 4.0 0 + | +++ 2.7 to 4.48 to 13 0.15/0.5 0 36 24 
J. G. SC 1.3 0 ae TE 4.5 15 0.15/0.5| ++ 44 24 
D. W. AS 2.4 . 0 + 0 4.0 12 OA EE 0 


plete genitourinary studies, including intra- 
venous and retrograde pyelograms and urine 
cultures for acid-fast bacilli. Two patients of this 
recall group had had nephrectomies because 
of persistent hematuria. A review of the kidney 
sections revealed the presence of sickled red 
blood cells in the lumina of the vessels of one of 
these cases. Peripheral smear studies for sickle 
cells prior to his surgery had been reported 
negative. He has not been available for metabi- 
sulfite sickling tests or filter paper electrophoresis 
studies at this time and for this reason was not 
included in the present group of patients. Of the 
remaining fourteen patients, five have been 
located and re-examined by us and one (Case 
var) has been found to have a sickle cell trait. 
The remaining four did not exhibit sickling with 
sodium metabisulfte and electrophoretic pat- 
terns revealed homozygous hemoglobin A. 
Our fourth case was found at the Cook County 
Hospital. 

The generally accepted incidence of sickle 
cell trait in the Negro population is approxi- 
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is more frequent with sickle cell trait than in 
sickle cell enemia. The occurrence of sickle cell 
anemia being about 0.3 per cent of the Negro 
population.!® the age distribution and life 
expectancy with this disease may account for the 
difference. 

At the b2ginning of our study, before electro- 
phoresis wes available, our cases were considered 
clinically 10 be examples of hematuria with 
sickle cell rait. It was soon noted that several 
cases were sickle cell hemoglobin-C in type. 
Clinically, since sickle cell hemoglobin-C disease 
is associated with symptoms and findings more 
closely resembling sickle cell anemia than sickle 
cell trait, we naturally anticipated that most of 
our cases would fall in the sickle cell hemoglo- 
bin-C group. Certainly, hematuria would be 
expected im the more active form of sickle 
disease. We believe, therefore, that the occur- 
rence of hzmaturia in patients with sickle cell 
trait is pe-haps more significant than has been 
previously realized. 

In the three cases of sickle cell hemoglobin-C 
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disease with hematuria, all had tergeting of the 
red cells, two had splenomegaly and one had 
evidence of hemolysis and bone changes. None 
had a history of crisis or exhibited the body build 
and other features of sick e cell anemia. 

All of our cases with sickle cell trait displayed 
typical electrophoretic  atterns, insignificant 
fetal hemoglobin levels and had ao anemia or 
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evidence of hemolysis. Every effort was made 
by repeated studies to exclude possible genito- 
urinary disease, systemic disease or coagulation 
defects which could have been responsible for 
hematuria in these patients. Consequently, we 
feel justified in linking the hematuria with the 
presence of sickle cell trait in these patients. 
Evaluation of the clinical course of our pa- 


TABLE Ir 
. SUMMARY OF GENITOURINARY FINDINGS 























Pyelograpay 
, Hema- : 
Patient curis Cystoscopy | Cultures Surgery Course and Duration 
Intravenous F etrograde 
C. A Gross | Normal Normal Negative | None Onset 1950; has had - 
four episodes of gross: 
hematuria in past 
four yr. 

J. G. B. | Gross | Probable clots | Normal Bleeding Negative | Exploratory | Onset 1944; has had 
in left reral from left laparotomy; | frequent episodes 
pelvis, 1949; ureter normal-ap- of gross, painless 
subsequent pearing kid- | hematuria clearing 
I.V.P. noc- ney and spontaneously 
mal, 1951 ureter 

d. Lo Gross | Normal, 1948; | Normal, 1948 Bleeding Negative | Right Onset 1948; frequent 
defect at -eft from right nephrec- episodes of painless 
ureteropelvic ureter tomy, 1949 bleeding; persistent 
junction, bleeding until ne- 
1949; normal, phrectomy in 1949; 
1952 Normal, 1952 sporadic since 

J.B. Gross | Normal Normal Bleeding Negative | None Onset 1953; two 

from left episodes of painless 
kidney gross hematuria 

C. H. G. | Gross | Normal Abrormal filling | Bleeding Negative | None Onset, 1948; two epi- 

de“ects in renal| from right sodes of gross painless 
pe-vis, thought | ureter hematuria in July and 
to be clots on Nov.,1953 : 

right side 

D. P Gross | Normal Normal Bleeding Negative | None Onset 1952; two epi- 

l from left ' sodes of gross painless 
ureter hematuria 

J. G. Gross | Questionable | Normal Bleeding Negative | Left nephrec- | Onset 1951; persistent 
filling defects, from left tomy, 1951 gross hematuria until 
suggestive of ureter left nephrectomy; 
clots on left recurrence of hema- 

turia on one occasion 
since surgery ceased - 
spontaneously 

D W. Gross | Normal Normal Negative | None Onset 1953; one epi- 








sode of gross, painless 
hematuria 
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tients with hematuria revealed a significant 
absence of pain in association with the episodes 
of hematuria. All but one patient has had re- 
peated episodes of gross hematuria which 
subsided spontaneously, including the two 
patients in whom nephrectomy was performed. 
When cystoscopy reports were available it was 
noted that the bleeding was more frequently on 
the left side, as has been observed by Lund.!? 
In the two patients undergoing nephrectomy 
surgery was performed only after prolonged gross 
bleeding and it is noteworthy that hematuria 
recurred in both cases. All other patients were 
treated primarily with bedrest. 

The pathologic findings in our two nephrec- 
tomized patients revealed similar changes; 
namely, submucosal hemorrhage, sickling of the 
red cells in the vessel lumina with engorgement 
of these vessels as well as of the capillaries of 
the glomeruli, and preservation of the normal 
renal parenchyma. One had ureteral erosion 
with underlying hyperemia. No thrombosis was 
seen in any of the microscopic sections reviewed. 

The most challenging feature of the associa- 
tion of sickle cell trait with hematuria has been 
the underlying etiologic mechanism of this 
syndrome. Since sickle cell trait is not generally 
accompanied by the usual stigmata of sickle cell 
anemia, such as crisis, hemolytic anemia, bone 
changes or unusual body build, we could postu- 
late local tissue insult as the trigger mechanism 
for vascular injury and subsequent bleeding. 
Vascular defects of the retina have been 
described in sickle cell trait by Henry and 
Chapman.?? 

The kidney is particularly susceptible to the 
effects of shock, infection and ischemia. There- 
fore, it is not unreasonable to assume that local 
changes in the kidney due to such factors might 
be responsible for the anoxia precipitating the 
sickling phenomena, with subsequent vascular 
changes and bleeding. The singular susceptibil- 
ity of kidney and retina to stress might well 
account for the unexpected pathologic changes 
in an otherwise clinically benign condition. 


SUMMARY 


1. The occurrence of gross hematuria in five 
cases of sickle cell trait and three cases of sickle 
cell hemoglobin-C disease is reported. The 
investigation of these patients included electro- 
phoretic and fetal hemoglobin studies. 

2. Some of the previous cases of sickle cell 
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trait reported with symptoms of crisis and/or 
hematuria might well have been sickle cell 
hemoglobin-C disease. The literature is re- 
viewed in this connection. 

3. The finding of hematuria with sickle cell 
trait in a significant number of patients is 
believed to indicate a significant relationship. 

4. The singular susceptibility of the kidney to 
stress associated with sickle cell trait is offered as 
a possible etiologic mechanism for the vascular 
defects causing hematuria. 
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use of ACTH and cortisone resulted in 

definite improvement in cases of acute viral 
hepatitis treated with these agents. There was a 
prompt fall in serum bilirubin and increase in 
appetite with both drugs. Cortisone in par- 
ticular brought about a primary recovery period 
approximately two weeks, shorter than did a 
group of similar controls, and histopathologic 
studies revealed more rapid progress toward 
healing. The two principal disadvantages of 
this form of treatment were a relapse rate of 20 
per cent in the treated cases as compared to 
none in a group of similar controls, and the 
length of treatment (twenty-eight days) which 
was prolonged and painful since the intra- 
muscular route was used. Although this therapy 
had its advantages, it left the patient more 
vulnerable to relapses, due perhaps to disturb- 
ances in virus-host relationships important to 
immunity. 

It was believed that immunity might be 
bolstered by the concurrent use of gamma 
globulin, and that treatment might be rendered 
easier by the oral use of cortisone over a shorter 
period of tme. Values for gamma globulin 
measured as units of zinc sulfate turbidity had 
shown a definite decrease with both ACT'H and 
cortisone in previous studies"? which lent 
further credence to the possibility that additional 
amounts of this material, given during the 
course of treatment, might be beneficial. Gamma 
globulin has been well established as an effective 


i preceding studies? it was shown that the 


agent in the prevention of infectious hepatitis 
but its use for the treatment of both acute? and 
chronic* viral hepatitis is of questionable value 
when combined with standard rest and dietary 
regimens. Its specific application to the problem 
of enhancinz immune mechanisms in patients 
receiving ACTH or cortisone has not been previ- 
ously attempted. 


HATERIALS AND METHODS 


Plan of Study. Three groups of patients were 
studied, the first two groups consisting of ten 
patients each, and the last of two patients only, 
due to time limitations and scarcity of suitable 
material. Taese patients, designated as Groups 
I, II and ur, were given oral cortisone and intra- 
muscular gamma globulin according to the fol- 
lowing schedule: 

Group 1 received 10 cc. of gamma globulin on 
the day treatment with cortisone was started, 
and the same amount one week later. Cortisone 
was given in amounts of 300 mg. the first day, 
200 mg. the second day, 100 mg. the third and 
fourth day, 30 mg. the fifth, 40 mg. the sixth and 
20 mg. the seventh day. 

Group u received 30 cc. of gamma globulin 
at the start of therapy and an additional injec- 
tion of 20 cc. on the fortieth day of disease. Since 
all patients were started on this treatment 
between the tenth and twentieth day of disease, 
there was lttle individual variation of the time 
interval bezween the first and second injection. 
Cortisone ‘vas administered over a two-week 


* From the Hepatitis Center, 98th General Hospital, U. S. Army, Earope. The present study represents a con- 
tinuation of investigations of viral hepatitis at the Hepatitis Center in Europe which were begun in 1947 under the 
sponsorship of the Commission on Virus and Rickettseal Diseases, Armed. Forces Epidemiological Board, Office of the 


Surgeon General, U. S. Army, Washington, D. C. 
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period, 300 mg. the first day, 200 mg. the second 
and third days, and 100 mg., 75 mg. and 50 mg. 
for successive periods of three days each, followed 
by a final two days of 25 mg. each. 

Group nr was given gamma globulin injec- 
tions according to the sarre schedule as Group rr. 


probable thet the majority of our patients had 
infectious heoatitis. 

Controls. Statistics from control groups col- 
lected in previous studies were used’? as they 
were believed to be recent and sufficiently 
reliable to be valid. 


| TABLE I 
PRETREATMENT VALUES FOR PREVIOUSLY STUDIED ALD PRESENT GROUPS * 


Group 


Previously studied 


Alternate control*................ eer MS CMM 
Prior CODITOL oo ente erae e ae ie eke E 


Gamma globulin + cortisone 





Serum Bilirubin 


No. of Day of 
Patients Disease t Total One Minute 
(mg. %) (mg. %) 

10.9 5.8 
9.6 4.9 
9.1 4.8 
12.0 6.1 
11.3 551 
9.0 4.9 





* The alternate control group represa patients pven placebo injections in alternation with patients receiving 


ACTH in a previously reported study.! 


T Day of disease indicates day when hormonal therapy or E injecions were started and day of admission 


laboratory studies for the prior control group. 


Cortisohe was administered over a three-week 
period. on a somewhat higher average dosage 
schedule as follows: 300 msg. the first three days, 
200 mg. the next four days, 150 mg. for five 
days, 100 mg. for five days, and 75 mg. and 
50 mg. for two days each. | 

Criteria for Ali Groups. (1) Uncomplicated 
viral hepatitis as based on typical history, 
physical and laboratory findings; (2) demon- 
strably rising total serum bilirubin over 5.00 mg. 
per cent prior to the start of therapy; (3) onset 
of disease not more than twenty or less than ten 
days previous to therapy; (4) absence of 
contraindications to cortisone therapy; and 
(5) voluntary consent for liver biopsy following 
treatment. The period of ten to twenty days after 
onset of disease was chosen for institution of 
hormone therapy rather than an earlier period 
because our former experience’? suggested 
that such delay might reduce the relapse rate and 
in addition it eliminated those patients in whom 
rapid recovery occurred without hormone 
treatment. It was not possible to determine 
whether the type of viral hepatitis encountered 
was due to virus A or virus B, although it is 


Biopsies of žhe Liver. These were performed 
between the thirty-fifth and fortieth days of 
illness. None vere done prior to therapy since it 
was thought zhat previous material was ample 
for comparisca and that study following therapy 
at this time irterval would serve to establish the 
diagnosis as vell as effects of therapy and would 
be comparaHe in timing to previous studies 
in which cortrols were used. Adequate speci- 
mens were o»tained in all cases and no com- 
plications wer2 encountered. 

Observations Clinical observations were re- 
corded on z standard form and laboratory 
procedures ircluding complete liver function 
studies weekly or oftener followed the pattern of 
preceding stucies,'? with the exception that elec- 
trocardiograrcs were not performed routinely. 

A high protein, 4,200 calorie low salt diet and 
absolute bedr-st were prescribed as before.!? 


PSETREATMENT STUDIES 


The status of patients immediately prior to 
institution of oral cortisone-gamma globulin 
therapy given n Tableris compared with similar 
pretreatment data for previous patients in a 
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similar period of illness (second ten days after 
onset) who had been given ACTH or served as 
controls.! The age of the patients and duration of 
disease at the start of therapy or the control 
period were quite similar for all groups. The 
total serum bilirubin of Groups 1 and 1 of the 


in terms of -hese criteria than control patients 
despite thei good initial response. That this 
may be related to the duration of hormone 
therapy is suggested by the shorter duration of 
illness in the two subjects receiving three weeks 
of therapy n whom results were comparable 


TABLE m* 
COMPARISON OF RESULTS IN GAMMA GLOBULIN-CORTISONE STUDY GROUPS WITH PREVIOUSLY TREATED 
AND CONTROL GROUPS 


Day of Disease when Test 


Duration Returned to Normal 
No. of | of Hormone Relapses 
cae Cases Therapy = 
(days) Total Serum | BSP Retention | G7°UP 
Bilirubin (10% or less) 
Previously treated 
AGTE I od ed. Geis Beene wae eani wea 10 28 55.0 0 
Alternate control 5e deoa whe moves SE x 10 0 51:3 0 
Prior COlILEOL 2th cL our oue ad Dip eR ewes ees. 100 0 59.4 0 
Gamma globulin + cortisone 
Group [5 irn Cada eee eee 10 7 60.3 2 
Group IE. o akc ceed Saree iene Quia esed pe ein 10 14 53.4 2 
(GPODDUH 2 he ebd o a eere rg eek 21 46.5 0 





* 'This table includes only patients started on therapy or control period t-n to twenty days after onset of symptoms. 
Those previously placed on the program in the first ten days of illness using “CTH?! or cortisone? are omitted. 


present study were 2 to 3 mg. per cent higher, 
however, than the control groups. This has some 
bearing on the results to be presented since the 
intensity of jaundice is one expression of the 
severity of disease and of the expected duration 
of the hepatitis. Not included in Table 1 are 
previous patients started on ACTH or cortisone 
therapy in the first ten days of illness. 


RESULTS OF THERAPY 


Patients treated with oral cortisone had a 
rapid and often dramatic fall in serum bilirubin 
within the first few days of therapy and this was 
usually accompanied by an increase in appetite 
and well-being. The effects were similar to those 
previously observed with parenteral cortisone or 
ACTH. 

The duration of illness measured by the day of 
disease on which the total serum bilirubin 
(TSB) reached normal (1.0 mg./100 cc.) and the 
bromsulfalein retention (BSP) reached 10 per 
cent (forty-five minute sample) or less is com- 
pared in Table n with results of our earlier 
studies. Patients given oral cortisone for one or 
two weeks did not recover much more rapidly 
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to those of >arenteral cortisone given for four 
weeks in wEch the TSB and BSP became normal 
on the thirty-first and forty-second day of illness, 
respectively.* 

One othe- factor bears on these results. The 
experience zt this Center with more than 5,000 
cases of viral hepatitis has emphasized that 
although tke duration of disease is unpredictable 
in an indiv.dual patient, good correlation exists 
in large gra ps of patients between the height of 
bilirubinen:&à and the total duration of jaun- 
dice.5 The serum bilirubin at the start of therapy 
in patients in the present study was sufficiently 
higher thar. in control patients to merit analysis 
from this standpoint. This has been done in 
Figure 1 in which data are included on ten 
patients sta-ted on ACTH at a comparable 
time after onset of illness. The results indicate 


— that the tota. period of bilirubinemia was propor- 


tionally sho-tened by both oral cortisone and 
parenteral ACTH therapy as compared to 
control groups. We hold no brief that this 
effect necessarily indicates recovery from hepa- 
titis but wist to emphasize that adrenal hormone 
therapy sigrificantly influences the disappear- 
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ance of jaundice. Just how this occurs is un- 
known. It might operate througk extrahepatic 
mechanisms such as increasing renal excretion 
or inhibiting a hypothetic hemolytic factor. A 
direct hepatic action is far more likely, however, 
The more rapid histologic healing in liver 
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biopsies from patients given cor-isone over a 
four-week period? supports this. 


EFFECT OF CORTISONE ON LIVEE FUNCTION 


Serum Bilirubin. As already mdicated, all 
twenty-two patients treated wth cortisone 
showed typical prompt initial drops in total 
Serum bilirubin values similar tc those noted 
previously for this type of therapy ^? There was 
considerable irregularity in the “leveling out" 
phase after the initial droo, especially in Group 
n. In general, results were ccmparable to 
previous studies. : 

Bromsulfalein Excretion. Values for this test 
were quite similar to control group: except in the 
two patients of Group m who showed a better 
response after receiving cortisone therapy for 
twenty-one days. 

Other Liver Function Tests. Since such tests as 
thymol turbidity, cephalin cholesterol floccula- 
tion, alkaline phosphatase and cholesterol 
ester per cent showed litt e variation from con- 
trols previously,! and since individual variations 
appeared to be lacking during this study, the 
values were not summarized. Garama globulin, 
as shown by zinc sulfate turbidity values, showed 
wide variations which  precluced accurate 
graphing. There was no instance however, of 
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elevation of -alues following injection of human 
serum globuin and, in general, values showed 
mild to mod=rate lowering during the course of 
treatment, fcllowing previously noted trends. 


RELAPSES 


The term ‘relapse’ has been defined for the 
purposes of zhese studies as the recurrence or 
recrudescence of clinical signs and symptoms of 
hepatitis concirmed by definite changes in liver 
function afte- an initial period of improvement.! 
By these criteria gamma globulin did not prevent 
relapses. T'wc occurred in Group 1 (ten patients), 
two in Group mn (ten patients) and none in 
Group nr (two patients). This relapse rate of 
approximate-y 20 per cent is similar to that of 
patients trea-ed with ACTH or cortisone over a 
longer pericl but not in conjunction with 
gamma globulin.'** All four relapses of the 
present series occurred at the time cortisone was 
discontinued There were no “‘late’’ relapses. In 
four patients the relapse was characterized by a 
second peak of bilirubinemia higher than the 
first and by anorexia, malaise and abdominal 
pain. Relapses of this type as well as some en- 
countered ei-her during therapy or some time 
after discon-inuance of therapy have been 
previously reoorted.!.?; 

Two other cases of the present group did not 
fulfil our criteria for relapse but their courses 
were not smmoth and the response to therapy 
was not ideal. In the first an asymptomatic 
increase in b lirubinemia occurred at the cessa- 
tion of therady. In the second, erratic increases 
in bilirubinemia were seen during cortisone 
therapy. These responses, while not true 
relapses, probably delayed convalescence. 

None of he relapses were retreated with 
ACTH or cortisone so that the course of disease 
could be obszrved under such circumstances. It 
is known thzt they do, in fact, respond satis- 
factorily to r&nstitution of therapy.9-? 


SIDE EFFECTS 


Response =o cortisone in the three groups 
is shown in Table m. The high per cent of 
glycosuria is consistent with previously observed 
disturbances in carbohydrate metabolism, al- 
though hyperglycemia was not noted. Eosinophil 
response was initially good in a high per cent, 
although later rise was noted in most patients 
under treatment. 
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CHANGES IN LIVER HISTOPATHOLOGY 


The biopsy material was processed in the 
manner outlined in other communications.” 
All slides were examined as unknowns. The 
group of control cases was the same as before.'? 
The biopsies were obtained from thirty-one to 


TABLE Ul 
SIDE EFFECTS OF CORTISONE AND GAMMA GLOBULIN THERAPY 





Incidence 
(%) 

Group! | Groupn | Group in 

(10 Cases) | (10 Cases) | (2 Cases) 
Glycásunas.. i led vd eee 70 100 100 
Euphoria.. s coebeb s aa s ss 10 30 50 
Rounding of face.............. 30 100 100 
Eosnopenids criss av eek ere 90 96 100 
ACIES a ce ade oh xi 20 50 100 
Hyperglycemia................ 0 0 0 


Hypertension (over 140/90)..... 10 0 0 





fifty-six days after the onset of the disease: all 
twenty-two showed evidence of a diffuse hepa- 
titis consistent with the diagnosis of viral 
hepatitis. 

There was good correlation between the 
clinical course and the histologic findings. Cor- 
responding to the interval between the onset of 
clinical relapse and the time the liver biopsy 
was obtained, three cases showed evidence of 
hepatitis in an acute, active phase. In the 
remaining nineteen cases the clinical course was 
favorable in twelve, with steady. progression 
toward cure and without any evidence of 
chemical or clinical recurrences or recrudes- 
cences. The section of liver in eleven of these 
twelve cases showed evidence of a subsiding 
hepatitis with minimal to slight activity, findings 
fully within the range expected at the time of 
biopsy. Only one showed evidence of a more 
marked, moderately severe activity. Six of seven 
other cases in which there had been some slight 
secondary rises of serum bilirubin or more pro- 
longed abnormality of liver function tests 
showed greater severity of histologic lesions 
which, however, were still considered to be in 
the upper range expected for this stage of the 
disease process. 

Excluding the patients who relapsed, there 
was no significant difference between the liver 
biopsies of patients given cortisone and those 
untreated. Similarly, the variation between 
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biopsies in Groups 1, 11 and mi was not greater 
than the individual variations within the group 
itself. Fatty metamorphosis of liver cells was 
never conspicuous in biopsies from patients who 
had been treated and did not exceed that of 
control patients. These results are in contrast 
with those observed when parenteral cortisone 
was admiristered for four weeks.? Here the 
healing process was uniformly more rapid than 
in controls but was accompanied by fatty 
metamorphosis. Such differences are probably 
the consequence of more prolonged hormonal 
therapy. 


DISCUSSION 


Frequent relapses have been a major disad- 
vantage o? treatment of viral hepatitis with 
adrenal hcrmones and may have resulted from 
hormone-induced disturbances in the develop- 
ment of immunity.^? One of the primary pur- 
poses of the present study was to determine if the 
administration of gamma globulin could en- 
hance the level of immunity sufficiently to 
prevent relapse. No such protection occurred, as 
evidenced by a 20 per cent relapse rate similar 
to that in ACTH- or cortisone-treated patients 
not receiving gamma globulin. 

Infectious hepatitis may be effectively pre- 
vented by gamma globulin injections given after 
proved exposure to this disease but serum 
hepatitis is not prevented in this way even when 
the gamma globulin is prepared from the blood 
of volunteers convalescent from known serum 
hepatitis. These observations may bear on the 
present study. Gamma globulin would not be 


expected tə enhance immunity to serum hepatitis 


since it does not prevent the disease, yet it 
might be effective in infectious hepatitis. Possi- 
bly the relapses encountered in this investigation 
occurred only in patients with serum hepatitis. 
This seems unlikely but since it has not been 
possible to differentiate infectious from serum 
hepatitis on clinical or epidemiologic grounds in 
this study!? this question cannot be answered 
directly. 

Oral ccrtisone appears to be fully as effective 
as intramuscular cortisone in alleviating symp- 
toms, stimulating appetite and enhancing the 
disappearance of jaundice. The best results have 
been obtained when cortisone is given for three 
or preferably four weeks. There is evidence from 
our previous study that even histologic healing 
of the liver may be accelerated under such 
managerrent.? 
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Despite these results w2 strongly believe that 
neither cortisone nor ACTH has any place in 
the routine management of viral hepatitis, The 
beneficial effects are more than offset by the 
frequency and severity of relapses. Furthermore 
when the average patient with hepatitis is put to 
bed and given a nutritious die, recovery is 
usually uneventful and without sequelae. 
Adrenal hormone therapy does nct shorten the 
course of total illness sufficiently to merit the 
risk of relapse, the expense of treatment and the 
possibility of unpleasant side effect. 

Two situations deserve consideration for 
cortisone therapy. The first of these is fulminant 
hepatitis with coma. In over 5,500 cases of viral 
hepatitis studied at the Hepatitis Center, ap- 
proximately sixteen patients developed definite 
coma. Of these, five received ACTH, two 
received cortisone and the rest were treated with 
supportive therapy only. Of the sixteen patients 
only one recovered and she rece ved massive 
cortisone therapy (1 gm. daily).!'—? One other 
patient with very severe and rapidly progressive 
hepatitis in pre-coma also recovered while 
receiving large doses of cortisone.® Since leaving 
the Hepatitis Certer, the authors nave treated 
two other definitely comatose hepétitis patients 
with massive cortisone therapy, oae of whom 
recovered.* Ducci and Katz have reported the 
recovery of five comatose hepatitis patients 
given similar therapy.!?!* Coma due to viral 
hepatitis therefore represents a clea--cut indica- 
tion for a trial of cortisone therapy :n very large 
doses. 

The other situation in which cor-isone merits 
trial is the severe, rapidly progressive case of 
marked jaundice (over 15.0 mg. per cent) in 
which anorexia and vomiting have not responded 
to intensive conservative therapy with in- 
travenous glucose. Our experience with ACTH 
in this situation has been unfavorakle, attended 
as it was by frequent relapses of majcr and minor 
severity and occasional severe Sde effects? 
but recent trials with cortisone under these 
conditions have been more promising. The 
attendant danger of relapse is ever present, 
however, and one must reinstit te therapy 
promptly if this occurs. Cortisone should proba- 
bly be continued for a period of not less than 
three to four weeks, preferably unt the serum 
bilirubin reaches normal, and then ciscontinued 
gradually. The advantages and disadvantages 


* The fatal case is included in the reerences,® the 


other is unreported. 
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of such management should be weighed carefully 
against the seriousness of the patient’s condition. 


SUMMARY 


1. Twenty-two patients with acute viral 
hepatitis were given oral cortisone in conjunction 
with the administration of large amounts of 
gamma globulin intramuscularly at the begin- 
ning and enc of hormonal therapy. 

2. Gamma globulin failed to prevent re- 
lapses: four occurred, an incidence similar to 
that in ACTH- or cortisone-treated subjects 
without conjunct gamma globulin therapy. 

3. Oral ccrtisone produced a rapid initial 
drop in biliribinemia but failed to influence 
significantly the total duration of illness except 
in two patients receiving therapy over a three- 
week period. 

4. Even urder ideal circumstances cortisone 
does not shorten the duration of disease sufh- 
ciently, in our opinion, to run the increased risk 
of relapse, and thus is not recommended for the 
routine treatment of viral hepatitis. It may have 
a place in the Treatment of severe and progressive 
viral hepatiti: and certainly deserves further 
trial in fulminant hepatitis with coma. 
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Experimental Diabetes and _ts Relation to- 
Diabetes Mellitus 


F. D. W. LUKENS, M.D. 
Philadelphia, Pennsylvania 


“There is, however, a Nemesis which waits upon those who 
deliberately avoid avenues of knowledge.” (Alfred North White- 
head, “Science and the Modern World”) 


XPERIMENTAL diabetes refers to the pro- 
duction of hyperglycemia, glycosuria 
and faulty carbohydrate metabolism in 

animals. This approach to the vroblems of 
diabetes has mace possible the discovery of 
insulin and has enabled physicians to recognize 
phenomena related to diabetes mellitus which 
could not have been as readily revealed by the 
study of man. A few such phenomena will be 
chosen for comment. Some of these, such as 
insulin, were formerly hypotheses but have now 
been demonstrated by subsequent investigation; 
others provide the working hypotheses of today. 
The subject of experimental diabetes has been 
well reviewed by Warren and Le Compte! whose 
chapter provides much of the background for 
these comments. 


ESTABLISHED PHENOMENA (INITIALLY MERE 
POSSIBILITIES) 


Insulin. 'lhe existence in the pancreas of a 
factor which controls carbohydrate metabolism 
was clearly demonstrated by von Mering and 
Minkowski in 1889. Thirty-three yezrs later this 
long recognized possibility was realized in the 
discovery of insulin by Banting and Best. The 
fulfillment of this early possibility is cited before 
considering the problems of today. 

Overproduction. In the overproduction theory 
of diabetes? it was assumed that there was no 
diminution of the utilization of blocd sugar by 
the tissues but that the supply of sugar to the 
blood from the liver was so excessive that con- 
tinued normal utilization could no longer dispose 
of it. Early students of diabetes recognized the 
possibility that all or part of the picture of 


+ 
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diabetes migh- be due to the excessive catabolism 
of protein ard fat. In both normal and de- 
pancreatized animals the early studies on 
hepatectomy znd the modern investigations on 
the effects of kypophysectomy or adrenalectomy 
have shown that the secretion of glucose into the 
blood and the 2xcretion of nitrogen are reduced. 
When Houssey removed the pancreas in hy- 
pophysectomized dogs and observed that the 
excretion of glicose, nitrogen and ketones were 
less than the amounts expected after pancreatec- 
tomy, he showed that excessive gluconeogenesis 
(overproducticn) was a component of pancreatic 
diabetes. Late, Young produced diabetes by 
administration. of pituitary extract and left no 
doubt as to he importance of the anterior 
pituitary in diabetes. 

These discoveries still leave many problems : 
for the future. low frequently does an excessive 
secretion of pituitary or adrenal hormones act 
to cause or to zggravate human diabetes? Stress 
of any kind accelerates gluconeogenesis which is 
at least in par due to excessive activity of the 
adrenal cortex.?- 5 The exacerbations of diabetes 
which accompany infection and certain other 
diseases are be-ter understood because we now 
know something about the mechanism of 
overproduction. 

Before the days of antibiotics, when the pan- 
creas was removed the incisions often developed 
rapidly progressive abscesses. After pancreatec- 
tomy in hypophysectomized animals such 
abscesses healed completely, even in the total 
absence of in:ulin and in the presence of 
hyperglycemia. However, in the animal which 
had undergone two operations (Houssay) there 
is no exaggerated breakdown of protein and fat 
and there is no ketonuria. Since protein and fat 
breakdown usually occur together, the avoid- 
ance of marked ketonuria in man after surgery 
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might serve as a simple guide in controlling 
catabolism sufficiently to permit good healing. 
Underutilization. From early observations it 
was postulated that all or some of the phenomena 
of diabetes might be due to failure to utilize 
glucose in the normal manner. Recent studies 
with isotopically labelled substances have re- 
solved this problem as far as the overall or net 
metabolism of glucose is concerned.9? After 
total pancreatectomy there is impaired utiliza- 
tion of glucose in the dog’ and this has been 
confirmed in man.® This impaired utilization is 
not complete and, in fact, does not differ greatly 
in degree from that of the fasted normal animal, 
yet it represents only a small proportion of the 
utilization of glucose by the normal fed animal. 
When insulin alone is deficient, the oxidation of 


glucose and fat synthesis seem to be the meta- | 


bolic pathways which are particularly affected, 
but information about these individual path- 
ways requires further study. 

In any case the deficiency of insulin is ac- 
companied both by underutilization of glu- 
cose and by exaggerated catabolism in varying 
degrees. To this extent both underutilization 
and overproduction have been clarified by 
later observations. 


POSSIBILITIES INFLUENCING CURRENT THINKING 


Pathways of Carbohydrate Metabolism. In an 
earlier article of this series Stetten and Topper? 
outlined the knowledge of the pathways of car- 
bohydrate metabolism. Experimental diabetes 
has contributed much to our knowledge of the 
biochemistry of carbohydrate, fat and protein. 

Mechanism of the Action of Insulin. This is 
one of the major problems now before us and is 
reviewed in this series by Stadie.!? Experimental 
diabetes continues to be one of the essential 
methods of the investigator of insulin and it 
makes possible the broad physiologic picture of 
diabetes into which the exact information about 
the action of insulin will eventually be fitted. 

The Islands of Langerhans. In 1938 Warren 
listed toxic injury of the islands of Langerhans 
as a possible cause of diabetes, although no such 
cause was known at that time. When Dunn, 
Sheehan and McLetchie!! in 1943 described the 
injury of the islands produced by alloxan, this 
form of experimental diabetes gave the first 
factual support to the possibility of toxic injury. 
Since 1943 other substances which damage 
the islets have been described.!? None of these 
has been identified as a cause of diabetes in man. 
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On hydrolrsis of human urine Paley et al. 
found oxomalonic acid which might have come 
from alloxan although its exact source has not 
been ascertained. 

Heredity m Diabetes. An increased incidence 
of the disease in the families of diabetics has 
brought about recognition of the heredity 
factor. This and related observations have been 
reviewed Ly Joslin et al.'4 Cole, Harned and 
Keeler!5 fcund that inheritance in rats of a 
decreased tolerance for glucose was not a simple 
recessive characteristic. More recently the 
*hereditarv, obese-hyperglycemic syndrome" 
in mice has been studied by Mayer.!5 In these 
mice the is.ands of Langerhans are increased in 
size and number; the mice are resistant to 
insulin anc unduly sensitive to the diabetogenic 
action of growth hormone. Human heredity is 
so complex that it is often difficult to distinguish 
genetic, developmental and environmental fac- 
tors. The Ereeding of diabetic strains of rats and 
mice indicates that a genetic factor in diabetes is 
possible. Knowledge of the various ways in 
which the disorder is inherited in animals may 
help in the examination of the problem in man. 

Obesity and Diabetes. The regulation of 
appetite and the various causes and types of 
experimental obesity have been reviewed by 
Mayer.!5 The hereditary diabetes of animals 
already referred to!516 js associated with 
obesity. This condition differs from the situation 
in the juvenile diabetic who is rarely obese 
but agrees with the association of events in 
elderly diabetics. In addition, differences have 
been observed between the various types of 
experimertal obesity. Marshall and Mayer?’ 
report that “The food intake of gold thioglucose 
obese mice is 75-100 per cent greater than that of 
non-obese animals, the oxygen consumption is 
greater than that of non-obese animals and the 
spontaneous physical activity of gold thioglucose 
mice is stmilar to that of non-obese animals. 
These findings contrast with results obtained 
from genetically obese mice, which are char- 
acterized by slight relative hyperphagia, low 
oxygen consumption, and depressed physical 
activity. This comparison emphasizes the multi- 
ple etiology of obesity." Such metabolic 
differences in obesity should be thought- 
provoking to physicians. 

Undernitrition in Treatment. | Allen!* on both 
experimental and clinical grounds emphasized 
the earlier observations on the value of under- 
nutrition in the control of many of the mani- 
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festations of diabetes. This is still recognized. 
Although much has been written about the 
relation of the vascular complications to the 
control of the metabolic disorder, there is little 
information about the influence which the 
control of obesity might have on these com- 
plications. Such work requires many years of 
clinical observation and is not likely to be solved 
in the laboratory. Even so, experimental diabetes 
gives some food for thought. Duff and Mc- 
MillanP found less experimental atherosclerosis 
in diabetic than in normal rabbits. They said, 
*gain or loss of body weight:durinz the (choles- 
terol) feeding period exercised nc determining 
influence." In contrast Firstbrook** found a high 
net correlation between re.ative weight gain and 
the severity of experimental atherosclerosis. 

Dublin and Marks? have rzviewed the 
mortality of obese persons and have said that 
“A feature of the study is the exper ence of those 
overweights who brought down -heir weight. 
.,. . This is perhaps the dest evicence to date 
that there is long range benefit from weight 
reduction." The extent to which tais improved 
mortality was due to the preventioa of vascular 
damage was not determined and L:ebow et al.” 
cóncluded that obesity did not influence arterio- 
sclerotic heart disease in diabetes. The specific 
diabetic changes such ^as. retinopathy -and 
glomerulosclerosis do: no:: dévelcp in obese 
persons without diabetes; these chaages develop 
id thany:thin diabetics, but the pcssibility that 
control of obesity might be a useful adjunct in 
sime situations still seems to deserv= study. 

Appraisal of the: Severity of DiaXetes. Some 
knowledge of the fundamental observations in 
the experimental laboratory is required. Al- 
though the experimental facts conzerned with 
this appraisal are not new, their meaning is 
often overlooked by physicians. Various criteria 
of the severity of diabetés are needec, depending 
upon the circumstances. Figure 1 graphically 
represents some of the measurements of the 
metabolic disturbance in animal and man. 

In very mild diabetes oaly the abnormality 
of the glucose tolerance test will determine the 
presence of the disorder. There :s no more 
accurate quantitation at this stage. In a few 
mild diabetics the blood sugar, under standard 
conditions such as fasting overnight. may range 
between normal and the renal tareshold of 
180 mg. per 100 ml. In these few persons the 
level of blood sugar probably records differences 
in the severity of diabetes. When the blood sugar 


exceeds the renal threshold, it ceases to give 
information about the severity of the disease. 
Experimentally pancreatectomy has been com- 
bined with acministration of phlorhizin.?* Under 
these conditons the blood sugar of the de- 
pancreatized animals remained at 70 to 80 mg. 
per 100 ml. bit the amount of sugar in the urine, 
the survival time and all other manifestations of 
diabetes were unaltered. In Figure 1 the sche- 
matic daily blood sugars of moderate and severe 
(depancreatized) diabetes are merely values 
above the reral threshold. 

The very high values of blood sugar en- 
countered in diabetic coma in animals or man 
are usually associated with circulatory shock 
in which the kidney can no longer clear the 
blood of glucose in its usual fashion. In phlo- 
rhizinized-depancreatized cats?? the blood sugar 
rose to high .evels (for example, 700 mg./100 
ml.) before d2ath, and in the series of patients 
reported by Martin and Wertman” all of those 
with blood suzar levels above 800 mg./100 ml. 
were in shock. The author regards a very high 
blood sugar n diabetic acidosis as a sign or 
warning of cixculatory shock. 

About 50 wer cent of diabetics on a main- 
tenance diet reed insulin to control glycosuria. 
On the chart this group is called MODERATE in 
severity even zhough it extends to the point at 
which 100 per: cent.of dietary glucose is excreted. 
In such diabetics (animal or human) the propor- 
tion (that is, ber cent) of dietary carbohydrate 
which is excreted in the urine provides a good 
index of the severity of the disorder. For sim- 
plicity one may use all of the dietary carbo- 
hydrate and Lalf of the protein of the diet in 
calculating the so-called available glucose. 
(The exact D N ratio is uncertain but a com- 
monly observed factor of this order of magnitude 
serves the purpose.) The proportion of the 
available carbohydrate excreted remains fairly 
constant over a wide range of dietary intake. 
Dohan et al.~ described this in a study of 
pituitary diabetes in dogs and Sturtevant and . 
Fuller*® have emphasized its usefulness in 
alloxan diabetz rats. 

When a phzsician is asked, “How severely 
diabetic is Mzs. X?" he will usually reply, 
“Severe. She takes 70 units of insulin daily." The 
dose of insulin needed to control diabetes on a 
maintenance ciet is a useful criterion of the 
severity of the cisease, but itis only one criterion. 
In Figure 1 the-daily dose of insulin is charted as 
a broken line which parallels the severity of the 
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parallel lines of the present drawing. Neverthe- 
less when gross complicating factors are excluded 
both of these measurements afford an approxi- 
mate but serviceable gradation of this segment 
of the diabetic state. 

The most severe diabetes is that due to total 


disease as measured by the amount of glucose 
excreted. The end of this line does not touch the 
baseline because insulin will probably not be 
used in mild diabetes. 

Both the dose of insulin and the proportion of 
dietary glucose excreted are subject to fairly 
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Fic. 1. Four measures of the severity of diabetes (schematic). The units of meas- 
urement are numbered 1 to 4 at the top of the chart. The purpose of this diagram 
is to emphasize the fact that different criteria of the severity of diabetes are re- 
quired for MILD, MODERATE and total pancreatic (DEPAN.) diabetes. This may be 
further emphasized by noting what is not charted. Thus the normal person has no 
glycosuria and needs no insulin administered; the glucose tolerance test (G.T.T.) 
gives normal results. In mild diabetes the G.T.T. gives abnormal results and 
glycosuria may or may not be present; hence the solid Hne that shows the propor- 
tion of dietary glucose excreted does not include all 5f the zone marked MILD. 
Insulin is not needed in mild diabetes so that the broker: line begins still further up 
the scale of glycosuria. A given point on the parallel lines for glucose excretion and 
insulin dosage will be raised by infection or lowered Ey adrenal insufficiency, to 
cite two examples only. à; 

The zone of MODERATE diabetes is here extended to tke point where 100 per cent 
of available glucose is excreted. In dogs ketonuria appears when 80 to 90 per cent of 
the available glucose is excreted. Ketonuria is omitted because its appearance and 
amount are even more irregular than the crude quantification of the proportion of 
dietary glucose excreted or the dose of insulin. In moderately severe diabetes the 
level of blood sugar is represented as being constantly above the renal threshold. 
Hence the blood sugar tells nothing of the severity of diabetes, once it exceeds the 
renal threshold. The very high levels of blood sugar which are observed in diabetic 
coma are the result of circulatory-renal failure (shock) and are a secondary effect of 
severe diabetes but they do not measure the metabolic defect. Therefore, such 
figures have been omitted. Finally, severe diabetes in tae human usually has little 
or no glycosuria during fasting (compare with Table r) so that the excretion of 
glucose and nitrogen during fasting is not charted except under peran. Due to 
the defective absorption of food after pancreatectomy the maintenance requirement 
for insulin cannot be compared to that for diabetes in animals or men whose diges- 
tive enzymes are functioning. For this reason insulin Cosage is not charted in the 
DEPAN. zone. 


wide variations with complicating circumstances. 
One of the most important of these is infection, 
which will increase glycosuria and insulin re- 
quirements. In contrast the reduced glycosuria 
of the Houssay animal or of the patient with 
adrenal insufficiency and diabetes would be 
charted here by lowering a given point on both 
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pancreatectomy. (Fig. 1.) This is so because of 
the absence of insulin and the violent metabolic 
reaction thereto. Under these conditions the dog 
and cat excrete about 3.0 gm. of glucose and 
1.0 gm. ritrogen per kg. per day during fasting, 
so these amounts have been used in the diagram. 
Since mcst diabetic patients become sugar-free 
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on fasting, such units of measurement are not 
used elsewhere in Figure 1. 

Table 1 reviews some frequently cited data 
about the response to parcreatectomy in differ- 
ent species as measured ky the fasting metabo- 
lism. The observations of Geyelin and Du Bois?’ 


TABLE I 
FASTING METABOLISM IN DIABETES 























Urine 
Species Glucose Nitrogen Sur- 
or (gm./kg./day) (gm./kg./day) |D:N| vival 
Subject (days) 
Nor-| Depan- | Mor- | Depzn- 
mal | creatized |. mal | creatised 
(9^ cC 0 3.2 07 1.4 2.3 4 
DOR cius raus 0 2.8 0.5 1.0 2.8 10 
Goat. oic eee 0 0.12 0.13 0.38 0.3 44 
*G, K.2 7 i 
Dec. 1915...) 0 1.3* sues | 0.417 3.1 
Jan. 1916...] 0 0 0.17f | 0.17* 0 
F. W.D, aan 0 m "NP 6 


* Severely diabetic, not depancreatizzd. 
+ Normal man; average of first nine lays of fastirg (calculated from 
F. G, enedict39), 


on a severely diabetic man have been added for 
comparison. In December 1915, this patient 
(C. K.) had mild acidosis from which he recov- 
ered as a result of undernutrition end drainage 
of a.carbuncle; this treatment would not save 
the depancreatized dog. The increazed excretion 
of nitrogen during this period (“higner than any 
hitherto observed in man") resembles the in- 
crease seen in animals after pancreatectomy, 
but the patient's spontaneous recovery makes 
one hesitate to assume that these fzgures repre- 
sent an absence of insulin. He ultimately 
tolerated 160 gm. of carbohydrate and 3,500 
calories daily. According to Table 1, the wasting 
of protein (nitrogen) during fasting is a finding 
common to all kinds of depancreatized animals. 
This is so regardless of variations in the amount 
of glycosuria, the period of survival, the presence 
or absence of ketonuria and other factors. 

In connection with the problem cf measuring 
the severity of diabetes, two references may be 
cited. First, Lusk?? reported a mam with mild 
diabetes who could take 40 gm. of carbohydrate 
daily without glycosuria. “He became com- 
pletely diabetic with a urinary D: N bf 3.84:1 on 
the second day after administering a diet con- 
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taining consderable quantities of protein and 
fat. Subsequently, virtual starvation led in 60 
hours to the disappearance of sugar in the urine. 
It was thus proved that a potential diabetic 
could be trarsformed into a completely diabetic 
individual. . . . ? The fasting D:N of patient 
C. K. in January, 1916 (Table r) and the con- 
trasting D:N of Ricketts'?? patient suggest that 
most of the patients reported by Lusk were not 
completely dzabetic. What indeed is complete" 
or “total”? diabetes? It is the fulfillment of some 
criterion adopted by the particular investigator. 
The author kas tried to avoid such terms and 
can only say that the most severe form of dia- 
betes appearsto be that which meets appropriate 
criteria of the totally depancreatized animal of 
the same species. In a study of dogs with pitui- 
tary diabetes’ three animals were encountered 
in which the fasting excretion of glucose and 
nitrogen equaled that of depancreatized dogs, 
although in p.tuitary diabetic dogs the pancreas 
was surgically untouched. 

Second, Morsky?^*? has ably used the fasting 
metabolism to elucidate the fact that diabetes 
of the depancreatized dog is moré severe than 
that of the al oxanized dog although the latter 
requires more insulin when fed. The desirability 
of obtaining information of this sort about man 
is apparent f-om the references already cited 
and from the fact that these spaces for de- 
pancreatized man remain blank in Table 1. 

In Figure 1 _nsulin dosage refers to the amount 
per day which is needed to control diabetes on a 
maintenance diet. The insulin requirements of 
the depancreetized man, often about 40 units 
daily, cannot >e compared to the requirements 
of other diabstes because of the variable but 
grossly defective absorption of protein and fat 
after this operztion, even when the best available 
exocrine thera»y is given.? Most uncomplicated 
diabetics need no insulin during fasting if one 
may judge frem the old records and, as the 
author knows bf no data on the insulin require- 
ment of the "asüng depancreatized man, no 
figures are presented for comparison. Depan- 
creatized dogs. which needed 40 units of insulin 
daily when fed, were well controlled on four 
units daily during fasting. 

Another type of study on food intake and 
insulin requirement has been performed by 
Singh.** This mcluded six patients with severe 
diabetes who criginaily required 80 to 120 units 
of insulin day. After six weeks on low-fat 
optimal caloris diets containing 20 to 30 gm. 
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of fat these severely diabetic patients could be 
controlled on 20 to 40 units daily. Since the 
absolute amount of fat fed to these patients 
coincides in a general way with the amount 
absorbed by depancreatized men (compare 
studies cited in Ref. 29), the achievement of a 
similar insulin dose in both instances seems 
noteworthy. Such experiences prepare one to 
find a lowered insulin requirement with the 
defective food absorption which follows pan- 
createctomy. The author has not yet heard of a 
depancreatized person becoming obese. 

Only passing reference will be made to certain 
other criteria of the severity of diabetes. The 
period of survival after pancreatectomy is listed 
in Table 1 and the only clinical observation?’ 
makes human pancreatic diabetes comparable 
to that of the dog or cat in this respect. Another 
criterion is the rate of weight loss after pan- 
createctomy. This is greatly influenced by the 
catabolic reaction to the removal of insulin, as 
shown by simple laboratory findings. Thus 
depancreatized cats lose 300 to 400 gm. in the 
four days of survival; depancreatized-hy- 
pophysectomized cats lose the same amount of 
weight in two months. Both lose weight because 
they lack insulin, but when the pituitary and 
adrenal cortical catabolic hormones are in action 
this process is violently accelerated. In a slightly 
different way the same thing has been observed 
in man. Thus a fasting man’? lost an average 
of 0.57 kg. per day during the first ten days. 
Patient F. W.?? lost 1.5 kg. daily in the first three 
days of a period without insulin, or almost three 
— times the rate of the fasting normal man. 

In conclusion: (1) both experimental diabetes 
and clinical experience make it clear that multi- 
ple criteria of the severity of diabetes are 
required under different conditions; (2) choice of 
these criteria has been difficult in the past and 
may well be revised by future experience; and 
(3) there is basic information still to be learned 
about human diabetes by applying experimental 
criteria to depancreatized man. 

Table 1 illustrates the response to pancreatec- 
tomy in different species. Other species differ- 
ences exist, three of which will be mentioned. 

1. The response to so-called diabetogenic 
hormones varies widely with the species. ‘This is 
presumably an extra-pancreatic difference in the 
animals and may be illustrated by the following 
well known laboratory findings. 

The rat develops hyperglycemia and glyco- 
suria when treated with corticotrophin or corti- 
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sone, both of which are ineffective in dogs and 
cats. On the other hand pituitary growth hor- 
mone is ineffective in rats but is a powerful 
diabetogenic agent in cats and dogs. Un- 
published observations (Lukens) on the produc- 
tion of diabstes in cats with some new synthetic 
cortisone derivatives seem to indicate that this is 
the result oi the degree or intensity of hormonal 
action as wzll as of the susceptibility of a par- 
ticular spec-es. | 

2. When hyperglycemia and glycosuria are 
produced Ey any means, the behavior of the 
islands of Langerhans differs greatly in different 
species. In zhe rat the islands do not suffer any 
appreciable degenerative changes. Even when 
they are overwhelmed by a diabetogenic hor- 
mone the ciabetes ceases when the hormone is 
discontinued. The rat also has considerable 
capacity fzr islet hyperplasia. Contrariwise, in 
the cat anc dog partial pancreatectomy, pitui- 
tary extract (growth hormone) or massive 
injections of glucose lead to degenerative 
changes ard atrophy of the beta cells of the 
islands, so zhat permanent diabetes may ensue. 
Relatively little capacity for islet hyperplasia 
exists in these animals. 

3. Even in the same species the islands of 
Langerhans may behave differently at different 
times. The normal cat given massive injections of 
glucose develops degranulation, hydropic de- 
generation and atrophy of the islands. After the 
administered glucose is discontinued the animal 
may have mild diabetes for an indefinite period. 
At this tin.e the same degree of hyperglycemia 
and glycosuria leads to no progression in the 
severity of the diabetes. No explanation for 
these observations exists but the facts muct be 
reckoned with as one attempts to learn more 
about the islands of Langerhans in human 
diabetes. 

The different behavior of the islands in the 
rat and the dog cannot be foretold by their 
essentially similar appearance histologically. 
Little is known of the behavior of the islands in 
man and such laboratory experiences should 
alert us to look for these and other possibilities in 
the islancs in human subjects. 

Transiert Causative Factors. Experimental dia- 
betes has cemonstrated that a causative agent of 
diabetes may have a transient existence and may 
not be obszrved in a diabetic animal studied at a 
later date. We do not know the extent to which 
this may apply to human diabetes and it has 
been said that the cause or causes of diabetes 
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may have to be determined before the person 
studied actually becomes diabetic. 

Experimental studies of the influence of diet 
on the islands of Langerhans** ccmbined with 
further observations on obesity as a precursor 
of diabetes in man!*?! should yield more knowl- 
edge of the diabetic state. The development of 
diabetes years after women have b=en delivered 
of large babies?* may provide another source of 
information about the conditions that precede 
the overt metabolic’ disorder. Meanwhile the 
facts that (1) no alloxan is present five minutes 
or so after its injection and (2) no excess of 
pituitary activity is demonstrable a-ter the injec- 
tions of pituitary extract have ceased, make 
every clinical investigator aware that similar 
events might occur in man. 

Time Factors in the Cause of Diabetes. ‘The cause 
or causes of diabetes in man may require varia- 
ble periods of time to produce the disease. 
Alloxan damages the islands in a matter of 
minutes, pituitary extract in four <o six weeks. 
Both the diabetogenic agent and -he behavior 
of the islands will be concerned with the time 
factor in the cause of diabetes. To complete the 
picture one need only note that in man obesity 
is commonly present for twenty years or more 
before diabetes appears. Certainly mo time limit 
of the causative agent has been set for man. 

Vascular Complications. The so-ca led vascular 
complications, especially those of the retina 
. and kidney, which are fairly speciic lesions of 
diabetes, may become the subject cf laboratory 
study. Two groups of investigators???" have 
reported the development of renzl lesions in 
rats within a few months after they had been 
made diabetic, and Janes and Bounds?! have 
demonstrated an abnormality of the retinal 
capillaries in diabetic rats. If lesions in any way 
comparable to those which usually take ten to 
fifteen years to develop in man can De produced 
in less time and so studied in the Izboratory, it 
should be a forward step in the attack on these 
complications. Dr. E. H. Rynearsoà3?? reported 
that one patient depancreatized for intractable 
hypoglycemia developed diabetic retinopathy 
twelve years later. Such information accruing 
simultaneously from laboratory and clinic 
should stimulate future investigation. 


SUMMARY 


A. few selected possibilities about the nature, 
causation and measurement of experimental 


diabetes have been outlined. A modest compre- 
hension of these experimental experiences should 
be of some hep in the management and study of 
the disease in man. 
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Case Reports 





Treatment of Scleroderma, Sclerodactylia 
and Calcinosis by Chelation (EDTA) 


Rupin KLEIN, M.D. and SAMUEL B. Herris, M.D. 
Brooklyn, New York 


“His is a report of our observations con- 

| cerning the use of a chelating agent, 
ethylenediamine tetracetic acid (EDTA), 

in a patient with scleroderma, sclerodactylia, 
calcinosis ‘and, possibly, rheumatcid arthritis. 
Chelating:agents have been used medically in 
cases of lead poisoning;! for the removal of 


urinary calculi;? to dissolve calcific opacities in: 


the eye;* and to dissolve metastatic calcium 
deposits in the kidney.4 

EDTA combines with metal icns to form 
cyclic complexes which are water-soluble and 
virtually undissociated.* V/hen EDTA is ad- 
ministered rapidly as the sodium salt a rapid 
lowering of the serum calcium levels results. 
This is due to the strong ailinity of the sodium 
salt for calcium ions, forming a complex by 
chelation. When given rapidly in large doses 
EDTA may cause hypocalcemic tezany. When 
given slowly homeostatic mechanisms come 
' into play which tend to maintain serum calcium 
levels by mobilization of calcium from skeletal 
reserve stores.? 

Sodium versenate causes an excess of urinary 
calcium to be excreted. This excess, expressed in 
per cent of the expected calcium binding power 
of this agent (1 gm. di-Na-EDTA complexes 
with 108 mg. calcium), ranges from 63 to 88 per 
cent of the injected dose.? 


“ 


CASE REPORT 


A forty-five year old worran was admitted to 
the Greenpoint Hospital on February 16, 1954. 
The patient complained of muscular aches, 
joint pains and swelling; weakness and inability 
to walk, stand or use her hands; the presence of 
hard nodules on her fingers. wrists, elbows and 


knees; flexion deformities of her fingers, hands, 
elbows and krees; and a feeling of constriction 
in her chest. The onset was in 1944 with inter- 
mittent pain and swelling of both knees. In 
spite of treatment by local physicians her illness 
progressed untl 1949 at which time both hands 
and fingers wece involved. It was noted in 1949 
that irregular, hard nodules were forming 
around the fin zers and wrists of both hands and 
at the left elbow. The weakness increased in both 
hands and by .951 she was unable to use them. 

In 1951 she was given 100 mg. of cortisone 
daily and the pain and swelling subsided. In 
November, 1951, after eleven months on this 
dosage, she manifested psychic symptoms. 


Medication wzs stopped and she was admitted 


to the Kings Gounty Hospital for treatment of 
cortisone psycaosis. She was discharged after 
six weeks and then was given seven electric 
shock treatmer-ts by a private physician. 

Her pains rezurned thereafter and in Septem- 
ber, 1952, she was started on gold therapy. This 
was given twice a week for six weeks and then 
discontinued because of lack of improvement. 
She continued to grow weaker and the pain, 
swelling and stffness in the joints increased. In 
November, 192, she was admitted to the Long 
Island College Hospital because of these com- 
plaints. Here se received butazolidin,9 300 mg. 
per day. This relieved her complaints com- 
pletely but after nine days of butazolidin ther- 
apy exfoliative dermatitis, ulcerative stomatitis 
and mild leukcpenia developed. The drug was 
stopped but tke complications did not clear 
up. While in tre hospital a biopsy of skin nod- 
ules showed “calcified nodules of subcutis"; a 
biopsy of skin f-om the chest wall was reported 


* From the Arthritis Service, Greenpoint Hospital, Brooklyn, New York. Presented in part at the annual Meet- 
ing of the New York Rheumatism Association in New York City, April 12, 1955. This work was aided by a grant from 
the New York Chapter of the Arthritis and Rheumatism Foundation. 
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as follows: **The epidermis is relatively thin but 
shows a surface layer of keratin. The rete pegs 
are shortened and show blunted ends. The 
dermis is fibrotic and shows alteration in the 
pattern of distribution of collagen bundles. In 
some regions these form solid hyalinized sheets. 


5 


vp U 







A 


-y 


(Original magnification X 400.) 


The secondary cutaneous appendages are rela- 
tively reduced and there are foci of lymphocytic 
infiltration about capillaries in the dermis. 
Diagnosis—Scleroderma.” (Fig. 1.) The patient 
was discharged December 16, 1952. 

Her skin condition did not improve while at 
home and she entered the Greenpoint Hospital 
on January 16, 1953, and was treated by the 
Dermatology Service. After eight weeks of 
treatment the skin improved and she was dis- 
charged. While at home she took about 50 gr. 
of aspirin daily for her pain, stiffness and 
swollen joints. 

Family history revealed that the patient's 
mother had been ill for many years with rheuma- 
toid arthritis. 

Physical examination revealed a cooperative, 
intelligent, anxious female. The patient could 
not turn or move in bed without assistance. The 
face was smooth, the features were rigid and 
without expression. The skin over the face, chest, 
hands and fingers was “‘porcelain white," hard, 
shiny and without elasticity. The finger tips 
were clubbed and the fingers were held in 
flexion. (Fig. 2.) There was swelling of the 
proximal and distal interphalangeal joints. 
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Fic. 1. Skin from right chest wall before treatment. See text for description. 
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Hard, irregular, nodular masses were present 
on the fingers of both hands and on the left 
elbow and both knees. (Fig. 3.) Pressure on 
these nodules discharged an amorphous, sticky 
material. Motion in the right wrist was greatly 
limited in all directions. The left wrist motion 
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was slightly limited due to muscle spasm. Both 
knees and elbows were swollen, hot and painful. 
The left knee extended to 130°, flexed to 90°; 
the right knee extended to 140°, flexed to 90°. 
Both elbows extended to 140°, flexed to 45°. No 
hair was present on the fingers, hands, forearms 
or legs. The chest expansion was from 3615 to 
37 inches. The blood pressure was 125/70. 

On February 16, 1954, the following tests 
were performed and the laboratory data were 
as follows: The urine was negative. The Sulko- 
witch tests were 1+ to 2+. Blood count: 
hemoglobin 9.3 gm. per cent, red cell count 
3.110 million. white cell count 6.25 thousand. 
The blood urea nitrogen was 16 mg. per cent; 
sugar 65 mg. per cent; serum calcium 9 mg. 
per cent; phosphorus 3.2 mg. per cent; alkaline 
phosphatase 2.8 Bodansky units. The basal 
metabolic rate was 4-40 and on February 27th, 
+20. The discharge from the finger was found 
to contain a *moderate amount of calcium." 
Biopsy of skim from right chest wall showed 
"partial atrophy of epidermis and appendages. 
Areas of edema and dense collagenous tissue 
in the corium with mild chronic focal inflamma- 
tion." Biopsy of skin and subcutaneous tissue 
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. Fingers flexed and clubbed; skin hard and shining. 


3. Left elbow; hard, irregular, nodular areas present. 
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Fic. 4. Skin and subcutaneous tissue from finger before treatment. There is one 
large and several miniature foci of calcification and slight diffuse and focal 
chronic inflammation. (Original magnification X 400.) 


from the right middle finger showed ‘‘one large 
and several miniature foci of calcification and 
slight diffuse and focal chronic inflammation." 
(Fig. 4.) 

Blood tests were made on May 4th to check 
for evidence of rheumatoid arthritis and rheu- 
matic fever. The results were: differential 
sensitized sheep cell titre — 1:32 (positive); 
hemolytic streptococcus agglutination, negative; 
C-reactive protein, negative. 

The admission diagnosis was scleroderma, 
sclerodactylia, calcinosis and possible rheuma- 
toid arthritis. 


On May 1, 1954, it was decided to make a 
trial test of chelation for removal of the calcium 
deposits. The patient was placed on a diet con- 
taining 1.2 gm. of calcium daily. Urinary 
calcium and blood serum calcium determina- 
tions were made. On May 10, 1954, chelation 
therapy was begun and continued each day for 
one week. Sodium versenate, supplied by the 
Riker Drug Co. of Los Angeles, California, was 
used. ‘This is the sodium salt of ethylene diamine 
tetra-acetic acid, 20 per cent. (Each 5 cc. of 
solution at approximate neutrality contains 
1.0 gm. in water for injection.) Three grams of 
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Fic. 5. Scars over proximal interphalangeal joint of left middle finger and right 
little finger. Shortening of left middle finger. 


the drug were dissolved in 500 cc. of 5 per cent 
dextrose in water. About three and a half hours 
were needed to complete the intravenous in- 
fusion. Twenty-four-hour urine samples were 
collected and analyzed for calcium content. 
The calcium determinations were made at two 
laboratories. At the hospital Mr. Baber used 
the method described by Hawk, Summerson 
and Oser.? At the Gardner Laboratory Mr. 
Halpert used the method of Shohl and Pedley.* 
Prior to therapy the patient's urinary calcium 
excretion averaged 165 mg. per twenty-four 
hours. During therapy it averaged 295 mg. per 
twenty-four hours, fluctuating between 210 and 
391 mg. The blood serum calcium varied as 
follows: May 3rd 10.8 mg. per cent; 11th, 
7.5 mg. per cent; 12th, 8.3 mg. per cent; 15th, 
11.5 mg. per cent; 17th, 9.8 mg. per cent. 
That part of the calcium bound by the chelat- 
ing agent was not ashed and could not be 
determined. 

At no time was there any evidence of toxicity, 
tetany or convulsions. At the beginning of each 
infusion the patient experienced a mild feeling 
of heat starting in the arm receiving the medica- 
tion. This would gradually spread over the 
entire body and last about two hours after the 
infusion. The temperature remained normal. 
There was no flushing or sweating. After the 
infusion the patient ate and continued her 
activities. She received physiotherapy, massage 
and active, passive and resistive exercises regu- 
larly. After one week of infusions her chest felt 
“as if a weight were removed from it." She 
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could breathe more easily. Later she felt *'as 
though all the muscles were loosening up." 
Chest expansion increased to 37!$ inches. Her 
entire skin fe t softer and had lost the porcelain- 
white look, at times showing a faint pinkish 
tone. She fel: much stronger and moved about 
in bed with less discomfort than on admission. 
The aches, pains and joint swelling had de- 
creased. The nodular areas, x-rays of the ex- 
tremities and flexion deformities were practically 
unchanged. She was discharged May 22, 1954, 
improved. 

She remained at home until August 25, 1954. 
During this three-month interval she got around 
the house ir a wheelchair, had pain occasion- 
ally, felt stronger and could breathe without 
difficulty. She noted for the first time that hair 
was growing on her arms. On July 1, 1954, the 
proximal in-erphalangeal joint of the third left 
finger became red, hot and swollen. The skin 
broke down discharging a watery, sticky mate- 
rial. This continued until August 15th at which 
time two small pieces of bone were discharged. 
Shortly thereafter drainage stopped and the 
fistula closed. (Fig. 5.) Aspirin, 40 to 50 gr. daily, 
kept her comfortable. 

She was readmitted on August 25, 1954, to the 
Arthritis Service, Greenpoint Hospital, because 
she felt that versene was the first drug that had 
helped her and desired to give it a longer trial. 

Readmission examination was performed on 
August 25, 1954. The patient's outlook was 
more cheerful and optimistic. Abduction, left 
shoulder, to 150°, right to 165°; left elbow 
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extends to 145°, flexion to 45°; right elbow 
extension 145*, flexion 45?. The right wrist was 
immobile, the left was freely movable. There 
was some wasting of interossei muscles of both 
hands. The little finger of the right hand was 
held in flexion. There was clubbing of the right 
thumb, index and middle firgers. Calcium 
nodules were felt in the thumb and index 
fingers. There was clubbing of the left thumb 
and index fingers. Calcium depos:ts were present 
in the left thumb, index, middle and ring fingers. 
A healed scar was present on the proximal 
interphalangeal joint of the left middle finger; 
this finger was 1% inch shorter than on dis- 
charge. The function of the hips was good. The 
left knee extended to 100°, flexed to 90°: the 
right extended to 130°, flexed to 90°. There 
were nodules over the left elbow 2nd both knees. 

She was placed on a diet containing 1.2 gm. 
of calcium. After four days of control observa- 
tions, intravenous medication with the same 
chelating agent was begun August 30, 1954. 
This was continued on alternate weeks until 
October 22, 1954. 

Blood chemistry and urine tests were per- 
formed and revealed the following laboratory 
data: 

August 25 to October 26, 1954: (1) RBC 
remained about 3,450,000; hemozlobin, 60 per 
cent. (2) Urea nitrogen: 17.8 mg. (8/25), 
8.5 mg. (9/14), 22.5 mg. (10/27). (3) Bleeding 
time: 2 min. 10 sec. (9/2), 1 min. 25 sec. (9/13), 
5 min. 30 sec. (10/25). (4) Clotting time: 
5 min. 45 sec. (9/2), 3 min. 2 sec. (9/13), 6 min. 
5 sec. (10/15). (5) Sedimentation rate (Linzen- 
meier method): varied from 16 min. to 50 
min. (6) Total protein: 8.2 gm. (10/5), 9.2 
gm. (10/25). Albumin: 2.4 gm. (10/5), 2.7 gm. 
(10/25). Globulin: 5.8 gm. (10/5), 6.5 gm. 
(10/25). Inorganic phosphorus was elevated; 
chlorides were decreased. The other blood find- 
ings were normal. 

Performance tests were checked and revealed 
the following information: 


September 11, 1954 
Head and neck— Rotation: left, 45°; right, 45? 
Flexion and extension, good 
Shoulders—Full arm flailing: left, twelve 
times; right, thirteen times per 
minute 

Elbows—Supination and pronation: left, all 
movements good; right, 50 per cent 

Finger tip apposition—Complete 


Fist closure—Right, 30 per cent; left, 0 
Sitting—Flopped into chair and could not 
rise; could not stand, kneel or squat 
Could not walk, climb, hop or put foot on 
chair 
October 9, 1954 
Head and neck—Rotation, flexion and ex- 
tension, complete 
Shoulders—Full arm flailing: right and left 
sixteen times each per minute 
Elbows—Supination and pronation: left, all 
movements good; right, 50 per cent 
Finger tip apposition—Good 
Fist closure—Right, 40 per cent; left, 20 per 
cent 
Sitting—Sat without help; did not flop, could 
rise from chair 
Could stand when wearing shoes; could walk 
in walker; could not climb, kneel or hop 
December 2, 1954 
Shoulders—Full arm flailing: right and left 
each forty-five times per minute 
Supination and pronation: left, all 
movements good; right, 75 per cent 
Fist closure—Right, 60 per cent; left, 40 
per cent 





Elbows 


The tests previously cited were repeated 
during and following treatment. (Tables r 
and ir.) 

By September 1st the patient was able to 
cross her knees for the first time. She felt much 
stronger. On September 9th the proximal inter- 
phalangeal joint of her right fifth finger became 
red, hot and swollen. The skin broke down, dis- 
charging a sticky material. The area healed 
slowly. (Fig. 5.) On September 10th she began 
to walk in a walker for the first time in a year. 
She received codeine and aspirin tablets for 
pain. By October 7th she felt increasingly 
stronger and more confident. Her activities of 
daily living improved steadily. (Table 1.) 
Physiotherapy, exercise and massage were con- 
tinued. It was noted that a few small nodules 
had formed on her chin, left elbow, both knees 
and fingers. By November 15th further subjec- 
tive and objective improvement was noticeable. 
A skin consultant on September 21, 1954, found 
"no evidence of scleroderma." On November 
16, 1954, biopsy of skin and subcutaneous tissue 
from right chest wall showed “The epidermis is 
not altered. The papillary bodies are better 
developed than in the section of November 1952, 
although there are stretches where they are flat 
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TABLE I 
Sept. | Nov 
Tests for Activities of Daily Living 1, 15, 
1954 | 1954 
Non-walking Activities 
Bed activities: 
Move from place to place in bed...| Poor | Good 
Roll to right and then to left side. ..| Poor | Good 
Sit esict in bed... 0* |Fair 
Turn and lie on abdomen. ....... 0 Fair 
Procure objects from night table...) 0 Good 
Hygiene (toilet activities): 
Comb or brush hair.............. 0 Fair 
BIB TORE osc kook 8 a0 aep da 0 Good 
Shave or put on cosmetics........ Fair | Good 
Wash hands and face............ Fair | Good 
Wash extremities. |... sr eorneà Fair | Good 
Manipulate bedpan.............. 0 Good 
Adjust clothing for toilet needs..... 0 Good 
Eating activities: 
ME FEE LS S ossk er Re $T I CER 0 Good 
Butte bread... bss bs seas seve. 0 Good 
Eat with fork. ..... osos 0 Good 
Eat with teaspoon, tablespoon..... Poor | Good 
Drink from glas... coe Poor | Good 
Drink fran OUD so sass es Heads Poor | Good 
Stir coffee, tea, etc............... Poor | Good 
Dressing and undressing activities: 
Put on underciothes. ...44.6605 004%: 0 Fair 
Remove underclothes............ 0 Fair 
Put on buttoned shirt (zipper). .... 0 Fair 
Remove buttoned shirt........... 0 Good 
Put on slip-over garment.......... 0 Good 
Hand activities: 
Write name and address.......... 0 Fair 
Fold letter, place in envelope and 
ical eavelope. .osouei oy ds 0 Fair 
Open envelope, remove letter......| 0 Fair 
Use dial tepboBe. sss os enn Poor | Good 
Turn pages of book. ............. Poor | Good 
Wind wrist watch. .........2.66:. 0 Good 
Open and close icebox door....... 0 Good 
Open and close doorlock with key..| 0 Good 
Open and close drawers.......... Poor | Good 
Open and close door hooks........ Poor | Good 
Pull window shade............... Fair | Good 
Push door DEN. oi ak. oos ees Fair | Good 
Use work push buttons........... Poor | Good 
Work key light switch............ Poor | Good 
Work pull chair light............ Poor | Good 
Bi ge DEL ree 0 Good 
Open and close cabinet lock....... 0 Good 
Turn four-pronged faucet......... 0 Fair 
Lurk circular faucet... «<5 666s 454. 0 Fair 
Open and close medicine chest... ... 0 Fair 
Open and close bottle............ 0 Fair 
Open and close safety pin......... 0 Fair 
OIke :mndleh. sc sis eodera a 0 | Fair 
Wheelchair activities: | 
Bed to wheelchair... ios 0 Fair 
Wheelchair to bed... ess 0 Fair 
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TABLE 1 (Continued) 


Sept. | Nov. 
Tests for Actwities of Daily Living i 15, 
1954 | 1954 
Propel wheelchair forward 30 feet 
Ot SUR ssc Hews ee nore gee de 3 Poor | Good 
Propel wheelchair backward 30 feet 
BGG COS esi venere a Vado Poor | Good 
Wheelchageto chair. ....... 0.065 0 Fair 
Chair to wheelchair.............. 0 Poor 
Elevation activities: 
Bed to erem position. . <4 6.466566 0 Fair 
Erect positipn to bed. ...........- 0 Good 
Wheelcha:r to erect position....... 0 Fair 
Erect position to wheelchair....... 0 Fair 
Chair to erect position............ 0 Fair 
Erect position to chair............ 0 Good 
Erect position to chair at table..... 0 Fair 
Chair at table to erect position..... 0 Good 


Walking Activites 
Progressing activities: 
Walk forward 30 feet in walker... | Poor | Good 
Walk backward 30 feet in walker...| Poor | Good 


* Zero (0) — no activity 


and blunted. The subepidermal layer of the 
dermis is not as compact as in the above men- 
tioned section. although there are stretches where 
hyaline bands are visible but they are narrow. 
In its entirety the dermis is much looser and the 
collagen bundles separated. The sweat glands 


TABLE II 
GRIP TESTS 


Right Left 
(mm. Hg) | (mm. Hg) 





Aug. 25, 1954. ........0.. 46 86 
Sept. 9, 1954...........0.. 70 86 
Sept. 23, 1954............. 50 50 
Oct. 28, 1954. ........... 120 100 


are large, the basement membranes of the indi- 
vidual units ere not conspicuous. The capillaries 
of the upper corium are far more conspicuous 
compared with the earlier section.” (Fig. 6.) 
At this time the left elbow became red, hot and 
swollen. The skin broke down and discharged 
a pasty material which became hard on exposure 
to air and crumbled on pressure. Small, hard 
granules were present in the discharge. A smear 
of the pus was positive for staphylococci. This 
infection responded to antibiotics and the elbow 
decreased in size. 
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Examination on November 19, 1954, re- 
vealed a determined, energetic, optimistic indi- 
vidual. She displayed increased agility in 
getting up in bed, moving on to a chair and 
then to the walker. The motivation was excel- 
lent. The skin of the body and extremities was 
softer and had increased tone. The face wrinkled 
when she laughed. The hands and fingers had 


lost their hard, cold appearance and were softer 
and wrinkled. Hair was now present on the 
forearms and legs. Chest expansion was from 
3615 inches on expiration to 38 inches on 
inspiration. The patient was discharged Novem- 
ber 20, 1954, very much improved. 

On March 18, 1955, follow-up laboratorv 
tests were made to check for possible drug 
toxicity. The following results were obtained: 
sugar, 87 mg. per cent; blood urea nitrogen, 
11.9 mg. per cent; sodium, 154 mEq./L.; chlo- 
rides, 115 mEq./L.; calcium, 10.3 mg. per cent; 
and the carbon dioxide combining power, 
58 volumes per cent. The total protein was 
7.8 gm. per cent (albumin 2.5, globulin 5.3 gm.). 
Urinalysis: light vellow, clear, acid; specific 
gravity, 1.004; protein and glucose tests, nega- 
tive; microscopic examination showed 25 to 
30 white blood count and many epithelial cells. 
The Fishberg test gave results as follows: 8 A.M., 
1.011; 9 a.m., 1.006 and 10 a.m., 1.004. The 
urinary calcium excretion was .067 gm./twenty- 
four hours. Red blood count was 3.81 million; 
hemoglobin, 10.8 gm. (70 per cent); color 
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Fic. 7. May 19, 1954. Left hand before treatment. Diffuse calcification involving the phalanges. 


8 


Fic. 8. January 22, 1955. Left hand after treatment. Decrease in calcification most marked in thumb 


and middle finger. 
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Fic. 9. May 19, 1954. Left elbow before treatment, anteroposterior view. Two large masses of calcium 
ire present. 


Fic. 10. August 26, 1954. Left elbow before treatment, lateral view. A larze calcific mass present around 
the joint. 


Fic. 11. February 27, 1955. Left elbow after treatment, anteroposterior view. Almost complete disap- 
pearance of the calcium deposit seen previously. 


“iG. 12. February 27, 1955. Left elbow after treatment, lateral view. Almost complete disappearance of 
the calcium deposit seen previously. 
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index, 0.92; white blood count, 7,050; differen- 
tials: Schilling cells, segmented, 59 per cent; 
staff forms, 5 per cent; lymphocytes, 32 per 
cent; eosinophils, 4 per cent; platelets, 150,000. 
Prothrombin time was 17.9 seconds and the 
control was 12 seconds. The first specimen of 


Serum 
Calcium y: 
Mg,/100 cc, 
Normal 8 
600 
500 
Urine 


Calcium 
Mg, /2/, hr. 400 


the urea clearance test was 108 per cent of 
average normal and the second specimen was 
71 per cent of average normal. 


COMMENTS 


This patient had a progressive form of arthri- 
tis of eleven years’ duration. Five years after the 
onset of her illness she began to show evidence of 
scleroderma, sclerodactylia and calcinosis. This 
is a slow, progressive condition with periods of 
remission and exacerbation. There is no known 
effective treatment. During her period of ob- 
servation and treatment in the hospital she was 
on a fixed diet. This did not affect her cal- 
cium deposits. 

Since chelation had been used successfully to 





dissolve urinary calculi, calcific deposits in the 
eye, and to remove lead from bones, it was 
thought that it might also remove calcium de- 
posits from the skin and connective tissues. 

If the x-rays before and after treatment are 
compared, marked loss of the calcium deposits 


Wi 


Days of Treatment 
Fic. 13. Response to treatment. 


is noted. (Figs. 7 to 12.) Table 1 shows distinct 
improvement in the activities of daily living. 
This improvement is also shown in her per- 
formance tests. Other interesting observations 
were the softening of the skin and subcutaneous 
tissues and disappearance of nodules in the left 
elbow; also, the growth of hair on her forearms 
and legs. There was a change in the skin biopsy 
findings. The flexion deformities decreased and 
joint extension and motion increased. 

During treatment there was a definite in- 
crease in the output of urinary calcium but no 
marked change in the level of serum calcium. 
(Fig. 13.) Bleeding and clotting time decreased; 
the blood pressure remained unchanged. There 
was no evidence of toxicity from the drug at any 
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time during or after medication. An interesting 
observation is that x-rays first showed evidence 
of the disappearance of calcium on January 2, 
1955, i.e., about four months after the start of 
intensive therapy. 

From the patient’s subjective point of view 
the treatment was of definite benefit. As of 
March, 1955, the patient felt stronger and had 
more confidence in herself. She had greater use 
of her limbs and was able to do many things 
she could not do previously. 


SUMMARY 


A patient with typical scleroderma, sclero- 
dactylia, calcinosis and arthritis (rheumatoid?) 
was treated with a chelating agent, EDTA, 
given by infusion. Treatment was followed by 
improvement as indicated by x-ray evidence of 
marked diminution in the articular and cutane- 
ous metastatic calcific deposits, histologic evi- 
dence of regression of the sclerodermatous 
changes in the skin and return of mobility of 
the affected joints. 

It seems probable that the chelating agent 
was responsible for remission. 


Acknowledgment: 'The authors wish to express 
their appreciation to Dr. M. Ziff for his sugges- 
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tions including the use of the **versenes," and to 
the Riker Laboratories of Los Angeles, Califor- 
nia, for supplies of the sodium versenate. 
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Phrenic Paralysis Due to Serum Neuritis 


HucH P. SMITH, M.D. and Hucu P. SMITH, JR., M.D. 


Greenville, South Carolina 


chest over a period of thirty vears, occasional 

patients have been observed to have paraly- 
sis of the diaphragm without satisfactory 
explanation after careful investigation had ex- 
cluded the accepted causes of such a finding. In 
the summer of 1951 the first patient being 
reported was observed with orthopnea due to 
phrenic paralysis shortly after a severe episode of 
tetanus antitoxin serum neuritis. The possibility 
of this as the source of his trouble was con- 
sidered, but not being acquainted with any 
description of phrenic palsy due to serum 
neuritis, and because he had a vague density in 
the right upper chest, a tentative diagnosis of 
Pancoasts tumor was made. Shortly after this 
the report of Comroe et al.! on a similar case 
appeared and the diagnosis was changed to 
phrenic paralysis due to serum neuritis. In 1952 
another instance of paralysis of the diaphragm 
was noted and close questioning revealed that 
the patient had had serum neuritis. A third 
patient was seen in 1953. He had pneumonia 
which was slow in resolving. This led to investi- 
gation which revealed that he could not cough 
up his secretions because of weakness of half of 
his diaphragm. He too had had a severe reaction 
to tetanus antitoxin three years previously. 
A fourth patient was found by inquiry among our 
confrères. 

These four patients who had paralysis of 
the diaphragm have in common only the 
history of preceding tetanus antitoxin serum 
neuritis. We believe that these cases merit 
reporting. 


T routine fluoroscopic examinations of the 


CASE REPORTS 


CasE 1. A seventy-one year old white man 
was seen because of dyspnea on recumbency and 
pains in his arms. He stated that on July 1, 1951, 
he had cut his right heel badly enough to 
require surgical repair and he was given an 
injection of tetanus antitoxin. Five days later 
generalized urticaria developed which lasted 


only forty-eight hours, responding to anti- 
histamine therapy. Following this severe pain 
developed in both arms, which still persisted at 
the time of his examination by us on August 22, 
1951, some six weeks later. He had noted that 
the pain was worse in his right arm and shoulder, 
and that the grip of his right hand was weak. 
Dyspnea when recumbent, especially after a full 
meal or when stooping or bending, was noted at 
about the same time. He had had hypertension 
for five years, usually averaging around 160 to 
170 mm. Hg systolic but occasionally rising to 
200 mm. He had not had paroxysmal nocturnal 
dvspnea. 

Examination revealed a well developed, 
elderly white man who was not cyanotic or 
dyspneic when erect but quite dyspneic in 
recumbency. The heart was slightly enlarged 
to the left, with slight accentuation of the aortic 
second sound and a faint systolic aortic murmur. 
The rate was 76 per minute, with regular 
rhythm. The lungs were clear. The abdomen was 
normal. The upper extremities revealed no 
clubbing or limitation of motion. There was 
slight weakness of the grip in his right hand. 
There was slight contraction of the palmar 
fascia in both hands. He had moderate benign 
prostatic hypertrophy. Fluoroscopic examina- 
tion showed slight left ventricular hypertrophy 
and prominence of the aortic knob. The lung 
fields were clear. The right leaf of the diaphragm 
was elevated about three interspaces above the 
left and there were paradoxic excursions, due to 
phrenic nerve paralysis. A chest x-ray revealed 
some slight clouding of the right superior sulcus 
and the elevated right diaphragm. An electro- 
cardiogram was within normal limits. Labora- 
tory studies were not remarkable. 

It was thought that he had a superior sulcus 
tumor with pressure on the right phrenic nerve 
and so he received x-ray therapy. He was given 
1,700 r over the right upper anterior chest 
between August 28 and September 12, 1951. 
This produced no change in the patient's 
symptoms. 
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A chest x-ray made in January, 1949, was 
located. This showed the diaphragms were then 
in normal positien. The vague density in the 
right superior gutter was visible and apparently 
was vascular in origin. 

We continued to think of the possibility of 
serum neuritis producing phrenic paralysis. 
When the article by Comroe et al.’ appeared, 
the diagnosis was changed in our patient. He 
has gotten along well since then. When ex- 
amined on July 3, 1954, he had very few com- 
plaints except for prostatism. He has very little 
dyspnea now, even on recumbency, although 
fluoroscopy and chest films made on inspiration 


and expiration (Fig. 1) showed that paralysis of 


the right leaf of the diaphragm persists. His 
blood pressure was 210/100. 

Case n. A thirty-seven year old white man 
was first seen on July 15, 1952, because of pain in 
the right flank and a story of having passed 
bloody urine six weeks previously. This was 
found to be due to a calculus in the right ureter 
which was removed at cystoscopy by a urologist. 
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Fic. 1A. Patient No. 1 (August 22, 
paralysis of the right half of the diaphragm. 


1951) showing 





Fic. 1. B, July 3, 1954, deep inspiration. C, July 3, 1954, sniffing. The rigFt half of the diaphragm ascends while the 
left side descends. 


He also gave the story that in April, 1951, his 
truck had overturned. He was bruised but not 
otherwise injured. He was given an injection of 
tetanus antitoxin. Within a few hours he had ur- 
ticaria around the waist and over the rest of his 
body. Four or five days later he had severe pains 
through the shoulders and was quite frightened. 
He felt as if he were becoming paralyzed. He 
remained home for a few days and then returned 
to work. He did not recall any definite weakness 
in the arms or shoulders following the accident 
or injection of tetanus antitoxin. 
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Physical examination revealed a well devel- 
oped, healthy looking young man with no 
physical abnormalities except for partial paraly- 
sis of the left hemidiaphragm noted fluoro- 
scopically and on the chest film. (Fig. 2.) The 
patient has been seen frequently since 1952 and 
was last seen January 16, 1954, at which time he 
was still in good health. The left diaphragm was 
still almost completely paralyzed while the 
right diaphragm moved well. There seemed to 
be a little compensatory emphysema of the right 
lung. 
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Fic. 2. Patient No. 2 (August 15, 1952). The left half of 
the diaphragm is paralyzed. 


Case 11. Asixty-three year old white fireman 
was admitted to the hospital in coma on August 
29, 1953. He had been in good health until ten 
days previously when he developed a cold which 
gradually became worse. The day of hospital- 
ization fever and a chill developed and he soon 
lapsed into unconsciousness. Examination re- 
vealed an obese, comatose, critically ill man who 
was breathing with Cheyne-Stokes respirations. 
He was cyanotic. His pupils were pinpoint in 
size and did not react to light. The neck was 
supple. All peripheral tendon reflexes were 
absent. The lungs were full of rales and rhonchi. 
The heart sounds were almost inaudible, but the 
rhythm was regular and there were no murmurs 
or friction rubs. His blood pressure was 95/60. 
The abdomen was very obese with no palpable 
abnormalities. l'here was an old cholecystectomy 
scar. The optic fundi were normal after dilating 
the pupils. Lumbar puncture revealed clear 
fluid with normal pressure; it was reported to 
contain five cells, all lymphocytes, and 55 mg. 
per cent protein. X-ray of the chest revealed a 
small patch of pneumonitis at the right base. 
Urinalysis was normal. His red blood cell count 
was 4,660,000 per cu. ml. Hemoglobin was 
14.8 gm. per cent. White cell count was 8,450 








E. ux Xm 


Fic. 3. Patient No. 3 (October 1, 1953). Paralysis of the 
right leaf of the diaphragm. 





with 79 per cent segmented polymorphonuclear 
leukocytes, 5 per cent stab forms, one juvenile 
form, 2 per cent eosinophils and 13 per cent 
lymphocytes. His blood sugar was 158 mg. per 
cent, and the non-protein nitrogen was 83 mg. 
per cent. The carbon dioxide combining power 
was 48 volumes per cent. 

The head of his bed was raised quite high and 
nasal oxygen was started. Within a few minutes 
he showed striking improvement with clearing 
of his sensorium and disappearance of the 
cyanosis. He was then treated with terramycin 
and adrenal cortical extract. He continued 
to improve rapidly and looked quite well the 
next day except for persistent cough. He had 
many rales in the right chest. His blood pressure 
was 138/70. He recovered smoothly and was 
discharged from the hospital in seven days. 

Our attention was called to the diaphragm by 
the first chest film which revealed that the right 
diaphragm was several inches higher than 
normally expected. Further questioning revealed 
that he had had a reaction to tetanus antitoxin 
three years previously, with arthralgia and 
urticaria severe enough to require hospitaliza- 
tion. The patient remembered having a good 
bit of pain in the right hypochondrium and 
substernal area at the time but he did not 
remember any peripheral neuritis and we could 
find no written record of the incident. He had 
never had a previous chest x-ray. 

At our request he came to our office October 1, 
1953. He was getting along quite well. Fluoros- 
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Fic. 4. A, patient No. 4 (May 30, 1949), paralysis of the left leaf of the diaphragm. B, same patient (May 19, 1954). 
The left diaphragm descends a little more than in 1949. 


copy revealed clear lung fields. Both diaphragms 
descended well on slow, steady inspiration, but 
on sniffing there was a clear-cut paradoxic 
motion with the right diaphragm ascending 
sharply while the left one descended. Films were 
made in inspiration and expiration. (Fig. 3.) 
On inspiration the left diaphragm descended 
46 mm. while the right side descended only 
6 mm. We believed that the evidence indicated 
definite weakness of the right side of the dia- 
phragm and that it was probably due to injury 
to the right phrenic nerve as a result of his 
tetanus antitoxin serum neuritis. 

Case Iv. A thirty-five year old white man 
had an injury to his left hand for which he 
received tetanus antitoxin on March 30 or 31, 
1949. Three days later he noted swelling of the 
deltoid area of the left arm with redness and 
tenderness. On April 5th he awakened at 2 A.M. 
with severe pains in the arms. This soon spread 
over his shoulders and into the muscles of the 
lower part of his neck. It later spread to the up- 
per part of his chest bilaterally. He lost the 
use of his arms to a considerable extent. The 
pain was intractable and not controlled readily 
by analgesic drugs. He gradually improved. 
Physical examination on May 30, 1949, revealed 
a little external strabismus of the left eye, dimin- 
ished knee jerks, hypesthesia in both upper 
extremities, flexion contractures of the right 
hand, plus considerable limitation of usage 
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of his arms and atrophy of the shoulder muscles, 
particularlv of the right side. The accessory 
muscles of respiration were thought to be 
unaffected. 

His famil doctor remembers quite vividly 
that extreme difficulty in breathing was the 
patient's main complaint at the onset of his 
illness. For-unately, a chest x-ray was made 
May 30, 1°49, and this film revealed that the 
left diaphregm was higher than the right, con- 
trary to the usual position. (Fig. 4.) This finding 
is compatibie with weakness of the left side of the 
diaphragm due to phrenic nerve paresis. 

Apparently most of the patient's neurologic 
defects have improved considerably since then. 
Physical examination on May 19, 1954, revealed 
that he sti. had some weakness and pain in his 
arms and shoulders. He had a minor reduction in 
sensation to cotton and pin prick in the right 
arm. The «nee jerks were absent on both sides 
even with reinforcement. Fluoroscopically the 
leaf of the left diaphragm was now a little lower 
on inspiration than the right side. A film showed 
some weakness of the left side of the diaphragm, 
although tnere had been some return of function. 


DISCUSSION 


There s no way to prove beyond question 
that the paralysis of half of the diaphragm in 
each of these patients was due to tetanus anti- 
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toxin. However, we believe that the circum- 
stantial evidence is strong. 

We have listed four cases of persons in various 
age groups and with widely differing stories. 
lhe only points of similarity are the histories 
of receiving tetanus antitoxin followed by serum 
neuritis, and the later finding of diaphragmatic 
paralysis. In addition, the first three had typical 
urticaria and serum sickness preceding the serum 
neuritis. Only one of these patients had any 
clinically detectable residual paralysis of any 
peripheral nerves. The fourth patient still has 
some weakness and pain in his arms and shoul- 
ders, hypesthesia in the right arm and absent 
knee jerks. 

Involvement of the phrenic nerve might be 
expected to occur rather frequently in serum 
neuritis complicating tetanus antitoxin therapy. 
For some reason this illness affects the fifth and 
sixth cervical segments preponderantly, usually 
producing the Erb-Duchenne type of paralysis. 
The phrenic nerve originates primarily from the 
fourth cervical segment, but receives a portion of 
its innervation from the third and fifth segments 
as well, so it could readily be involved. How- 
ever, phrenic paralysis due to serum neuritis is 
not described in the standard textbooks of 
medicine or neurology, nor is it mentioned in the 
better summaries of the entire problem.?-5 We 
believe that it has frequently been overlooked in 
the past when routine fluoroscopic examinations 
of the chest were uncommon. 

Respiratory difficulty complicating serum 
neuritis has been reported infrequently. Dyspnea 
was listed as a complication of tetanus anti- 
serum used in a twenty-three year old man by 
Lhermitte.* The only specific reference of this 
nature which we could find in the American 
literature was reported rather recently by 
Comroe et al.' Their patient had paralysis of the 
accessory muscles of respiration and weakness of 
both halves of his diaphragm as visualized 
fluoroscopically. He began to recover at six 
months and recovery was practically complete in 
two years. 

Apparently the first report of phrenic nerve 
paralysis as a complication of serum neuritis was 
published in the German literature in 1927.7 
A very interesting case was reported by Ladstat- 
ter* in 1952. He reported a thirty-eight year old 
healthy man in whom tetanus developed as a 
result of an injury. Following the onset of lock- 
jaw he was treated with large doses of tetanus 
antitoxin serum plus penicillin and avertin.* He 
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was critically ill. On the eleventh hospital dav 
serum sickness developed. Two days later his 
lockjaw disappeared and he began to improve. 
Then right lower lobar pneumonia developed, 
which cleared. Nineteen days after admission 
bilateral peroneal palsy was noted. Twenty- 
seven days after admission a chest x-ray revealed 
right phrenic paralysis with elevation of the 
right half of the diaphragm. Another film 
thirteen days later revealed that the phrenic 
paralysis had cleared. He was discharged from 
the hospital approximately three months after 
his illness began. When last seen, seven months 
after the onset of his illness, he still had weakness 
of the right arm with disturbances in sensation 
and some peroneal palsy. He was given a 50 per 
cent disability rating at this time. 

We are convinced that our patients had 
tetanus serum neuritis with resulting paralysis 
of the diaphragm. Our first patient had a chest 
x-ray made two years prior to his tetanus reac- 
tion. The diaphragm appeared normal. When 
examined six weeks after the onset of the serum 
neuritis, the paralysis of his diaphragm was 
present and has remained unchanged ever since. 

The second patient has had a persistent 
paralysis of the diaphragm for two years. He is in 
excellent general health otherwise. There is no 
other explanation except as a complication of his 
serum neuritis. 

The third patient had pneumonia. He nearly 
died because his obese abdomen displaced his 
weakened diaphragm so high that it led to 
anoxia, particularly when his ventilation was 
compromised by the pneumonic process. When 
he was propped upright in the hospital bed, he 
promptly awakened as the weight of his stomach 
fell down from the diaphragm and permitted 
adequate air exchange. There was no other 
cause for the paresis of his diaphragm except 
the story of serum sickness and probable serum 
neuritis. 

The fourth patient was found to have paralysis 
of the left leaf of his diaphragm fifty-five days 
after the onset of serum neuritis. His dyspnea 
appeared simultaneously with the serum neu- 
ritis. The paralysis of his diaphragm has im- 
proved but is still demonstrable in recent chest 
films. 

Paralysis of the diaphragm is uncommon in 
otherwise healthy people; and when it is noted 
fluoroscopically, one is put on the alert for more 
serious illnesses, primarily neoplasms or injuries 
along the course of the phrenic nerve. A history 
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of onset at the time of tetanus serum neuritis 
could prove helpful in making one feel more 
complacent as to the cause of the paralysis and 
as to the prognosis. In our series of four patients, 
two have no apparent improvement at the end of 
two and three years, while the other two have 
shown partial recovery at the end of three and 
five years. Thus it appears that healing may 
return after a very long time and we should not 
be too pessimistic about the long-range outlook 
of these patients. Fortunately, most of them 
adjust to the paralysis and have no dyspnea on 
routine activity long before the nerve function 
has returned visibly. 


SUMMARY 


Four cases of paralysis of half of the diaphragm 
as a complication of tetanus antitoxin serum 
neuritis are reported. T'hey are all in adult males. 

Two patients have shown considerable im- 
provement over a period of years, while the other 
two have failed to demonstrate any improvement 
at the end of two and three years. 

Routine fluoroscopy of the chest should reveal 
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more of these cases if the possibility of paralysis of 
the diaphragm due to this cause is kept in mind. 


Acknowledgment: Case 1v was reported through 
the courtesy of Drs. George Wilkinson and S. D. 
Campbell. 
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Herpetic Meningo-encephalitis 


Accompanying Cutaneous Herpes Simplex" 


BREWSTER P. Hunt, M.D. and EDwARD O’B. COMER, M.D. 


New Orleans, Loutsiana 


ENINGO-ENCEPHALITIS is perhaps the 
N / | least common of the variety of clinical 
manifestations resulting from infection 
with herpes simplex virus.! In some instances 
of this disease involvement of the nervous system 
only is evident. In others a preceding or accom- 
panying herpetic infection of the skin or mucous 
membranes constitutes the source from which 
invasion of the central nervous system proceeds. 
The general impression that it is nearly always 
fatal is erroneous. Recent serologic studies?? 
indicate that an increase in antibody to herpes 
simplex virus can be demonstrated during the 
course of some apparently benign cases of 
“aseptic meningitis." Convincing confirmation 
for the causative role of herpes simplex by 
isolation of the virus from the spinal fluid com- 
bined with serologic evidence has been achieved 
in only a few cases. 

This report will present the clinical and 
laboratory observations which were made in a 
patient with herpetic infection in whom 
meningo-encephalitis was a prominent feature. 
The study was continued during convalescence 
and at various intervals for a year after onset of 
the disease. A considerable amount of interesting 
and instructive information was obtained re- 
garding the behavior of the virus and the im- 
mune response of the patient during and follow- 
ing the episode in which the cen:ral nervous 
system was invaded. The experience which was 
gained may prove to be helpful in anticipating 
the problems and difficulties of such study when 
other cases of this type are encountered. 


CASE REPORT 


Present Illness. W. G., a thirty-six year old 
white newspaper reporter, was admitted to the 
Veterans Administration Hospital in New 
Orleans, Louisiana, on September 26, 1951. His 


immediate difficulty had begun four days pre- 
viously as a sharp constant pain in the lower 
lumbar region radiating over both buttocks, the 
posterior aspects of the thighs and the calves, to 
his heels. This persisted for two days. On the 
day following the onset of “sciatica”? he began 
to have fever from 99° to 102°r., frequent chilly 
sensations without frank chills, severe frontal 
headache spreading over the vertex, soreness of 
the neck, aching and tenderness of the eyes, and 
photophobia. He lost his appetite and experi- 
enced frequent bouts of nausea. In the evening a 
fever of 102?r. accompanied by drenching sweat 
occurred, after which the headache and fever 
moderated for a short time. He never became 
irrational or lethargic but complained of diff- 
culty in concentrating his thoughts because of 
the severe headache. 

This episode had been preceded by the devel- 
opment of two peculiar skin lesions which had 
begun five weeks previously. The first was noted 
as a small abrasion of the penile foreskin. An- 
other pzpular lesion, which developed two days 
later on the left side of the face, was attributed to 
a mosquito bite. Within a week both lesions had 
become vesicular and purulent. Treatment with 
zinc oxide and 5 per cent sulfathiazole ointment 
did not interrupt their progression and consider- 


. able extension. Two weeks after the onset of the 


skin lesions a physician was consulted. Scrapings 
from the penile lesion revealed neither spiro- 
chetes nor Hemophilus ducreyi. A serologic 
test for syphilis was negative. After observation 
for ten days he was given 2 gm. of terramycin 
daily for four days without appreciable benefit. 
The symptoms which were immediately respon- 
sible for ais hospitalization began three days after 
cessation of the terramycin therapy. 

Past History. The outstanding feature in the 
patient's past history was the discovery of several 


* From the Department of Microbiology, Louisiana State University School of Medicine, and the Medical Service of the 
Veterans Administration Hospita_, New Orleans, La. Aided by grants from the Eli Lilly Company. 
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suspicious areas of increased density in both 
lung fields in the routine chest film at the time of 
his discharge from the Navy in 1945. He was 
therefore hospitalized for a two-month period, 
during which careful clinical and laboratory 
studies yielded no definite diagnosis. The 
tuberculin test was negative. He was considered 
as probably having Boeck's sarcoid. Periodic 
chest films subsequently revealed increasing 
fibrotic infiltration bilaterally, most marked in 
the subapical regions. Ín 1949 he was hospital- 
ized here because of a spontaneous pneumo- 
thorax on the right. At this time the chest x-ray, 
moderate elevation of serum globulin and a 
negative tuberculin reaction again suggested the 
diagnosis of Boeck's sarcoid. Since no superficial 
lymph nodes were enlarged, a biopsy to sub- 
stantiate the diagnosis was not done. 

A special point was made to ascertain whether 
or not the patient had had “‘fever blisters" or 
other lesions compatible with herpetic infection 
before the onset of the present illness. No such 
history could be obtained. 

Physical Examination. The patient seemed to 
be acutely ill. He complained of severe head- 
ache. The temperature was 100.2°F., pulse 100, 
respiration 22 and blood pressure 118/70. The 
neck was not stiff.. The pharynx was diffusely red. 
. Moderate tenderness could be elicited on palpa- 
tion of the left upper abdominal quadrant. 
On the left lateral aspect of the foreskin a red, 
edematous area measuring 3 by 1 cm. was pres- 
ent, the surface of which consisted of multiple 


small shallow ulcers. No vesicles, exudates or 


crusts were present at this time. Slightly above 


and anterior to the angle of the left mandible . 


there was a 2 by 2 cm. area of skin which was 
crusted over, slightly purulent and apparently 
secondarily infected. Immediately above this 
area two small vesicles containing clear fluid 
were noted. 

Neurologic examination revealed absence of 
the left ankle jerk. The right ankle jerk was 
hyperactive, with poorly sustained clonus. 
Babinski's sign was absent. No sensory abnormal- 
ities were noted. The retinas appeared to be 
normal. 

Laboratory Studies. The initial lumbar punc- 
ture revealed a pressure of 112 mm. H:O, and 
yielded clear spinal fluid containing 15 neutro- 
phils and 195 lymphocytes per cu. mm. and 
110 mg. per cent of protein. Examination of the 
blood showed 5.2 million red cells and 16,150 
white cells per cu. mm., with 80 per cent poly- 
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morphonuclears, 18 per cent lymphocytes and 
2 per cent 2osinophils. Urinalysis revealed no 
abnormalities. 

No bacteia or fungi were recovered from 
blood and spinal fluid cultures obtained on 
admission. Febrile agglutinations provided no 
significant information. Serologic tests for 
syphilis wer2 negative. Initial cultures from the 
facial lesioms yielded Staphylococcus aureus 
hemolyticus only. Neither H. ducreyi nor 
spirochetes could be demonstrated in scrapings 
from the p2nile lesion. 

Isolation 5* Herpes Simplex Virus during Hospital- 
ization. Tke recovery of herpes simplex virus 
from the spimal fluid obtained on September 28th 


indicated :he specific nature of the patient's 


neurologic :ymptoms and gave a clue to the 
possible etiz_ogy of the skin lesions. Isolation and 
identificatioa of the virus was accomplished by 
October 1à:h. Herpes simplex virus was subse- 
quently reccvered from scrapings obtained from 
the facial ksion on October 19th and from the 
genital lesion on October 25th. No virus could 
be isolatec from the spinal fluid or scrapings 
from the facial lesion obtained on October 25th. 
The spina. fluid findings, white blood count 
determinations and virus isolations are presented 
in Table t. 

Course in the Hospital. During the first four 
days of hoszitalization the patient's temperature 


~ fluctuated between 100.2? and 101.6°r. The 


headache, photophobia, anorexia and nausea 
gradually sı bsided. During the next three days 
the temperéture steadily decreased to normal. 
From Octcker 1st until November 25th when he 
was discha-sed there was no recurrence of fever 
or of the otar symptoms mentioned. 

The facial and genital lesions persisted without 
evident chaage throughout the first three weeks 
of hospitalization except that the vesicles ac- 
companyirg the facial lesion disappeared during 
the first week. From September 28th to October 
6th he was treated with 0.5 gm. of terramycin 
every six hours after an initial dose of 1 gm. 
From then until October 20th 300,000 units of 
aqueous prccaine penicillin twice daily replaced 
the terramyzin. This was then discontinued and 
aureomycin-varidase ointment was applied lo- 
cally. Frori this time on the lesions gradually 
disappearel The foreskin healed completely 
by Nover:ter ist and the face was clear by 
November 25th. 

The abs2 ce of the left ankle reflex persisted 
throughou- the patient's hospital stay. The 
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ankle clonus on the right was-not noted again 
after the first day in the hospital. On-October 
19th he had double vertical vision for a few 
minutes and for the next four days noted:blurring 
of vision on rapid turning of the head to the 
right. This did not occur when he turned his 
head slowly. Examination of the fundi, deter- 
mination of the visual fields, and tests of 
extraocular muscle functions at this- time 
revealed no abnormalities. TE 

During this period of hospitalization. farther 
studies were made with reference to Boeck’s 
sarcoid. An x-ray revealed very little change in 
the areas of fibrosis scattered through both lung 
fields. À needle biopsy ofthe liver was performed. 
Microscopically, granulomatous lesions com- 
patible with those of Boeck’s sarcoid were found. 
Liver function tests were within normal limits 
except bromsulphalein retention, which initially 
was found to be 3 pér cent but in mid-November 
was recorded as 12 per cent in forty-five min- 
utes. Repeated serum albumin and -globulin 
determinations were normal. The tuberculin 
test was again negative. 

Subsequent Course. The patient has been seen 
at irregular intervals after his discharge in order 
to ascertain the state of his sarcoidosis and to 
follow the manifestations of the herpetic infec- 
tion. He returned on January 10, 1952, with a 
crop of vesicular lesions over the left heel from 
which herpes simplex virus was isolated. These 
lesions persisted for approximately two weeks. 


Since then he has continued to have recurrences 


of vesicular eruptions every two to three months. 
Except for one lesion of the right cheek, these 
have occurred only in the area of the old lesion 
on the left cheek, and at scattered sites over 
the lower extremities, most often the left lower 
extremity. The lesions on the legs usually re- 
main’vesicular for a few days and then become 
crusted over, lasting about three weeks alto- 
gether. In contrast, those on the face generally 
heal completely within four or five days. The 
recurrent lesions have been assumed to “be 
herpetic on the basis of their appearance: No 
attempt at virus isolation has been made since 
January 10, 1952. 

In May; 1952, he began to fie a rather ill 
defined aching of the left shoulder and arm oc- 
curring'every four to six hours. Although readily 
relieved by- aspirin,’ this indisposition has con- 
tinued until the present time. Repeated x-rays 
of the bones have been negative ani no cause for 
the pain has been found. - E 
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The-left Achilles tendon reflex has continued 
to be absent. No other neuromuscular abnor- 
malities have developed. Spinal fluid cell 
counts anc protein determinations made since 
discharge from the hospital have remained 
within normal limits. Repeated laboratory 
observations, with particular reference to the 
sarcoidosis. have shown a slowly rising blood 
urea nitrogen (present level 29 mg. per cent) 
and bromsulphalein retention (17 per cent in 
forty-five minutes). The electrophoretic pattern 
of a recent serum sample was normal. 


VIRUS ISOLATION AND SEROLOGIC STUDIES 


Isolation of Herpes Simplex Virus 


Spinal Fluid, Sept. 28, 1957. Because of the 
presence o7 the genital lesion, lymphogranuloma 
venereum virus was at first strongly considered 
as a possib.e etiologic agent. T'he initial attempts 
at virus isolation were directed to this purpose. 
Spinal flu.d in 0.03 cc. amounts was injected 
intracereb-ally into each of four C.F.W. strain 
mice and in 0.5 cc. amounts into the yolk sac of 
each of six eight-day old chick embryos. 

Of the five embryos surviving longer than 
twenty-four hours, two died on the sixth day. 


‘The presence on the seventh day of pock-like 


lesions or the chorio-allantois of one of the 
remaining three was the first indication that 
herpes simplex virus should be considered. 
Subsequemt microscopic study of this membrane 
revealed Type A intranuclear inclusions in 
ectodermzl epithelial cells.in the focal lesions. A 
strain of kerpes simplex virus was established in 
the chorio-allantois of eleven- to fourteen-day 
old embryos. The yolk from one of the embryos 
dead on the sixth day served as the initial 
inoculum. 

One o^ the four mice exhibited signs of 
encephali-is on the tenth day. The other three 
remained normal and six weeks later were shown 
to be susceptible to challenge inoculation with 
the strair of virus derived from the patient’s 
spinal flu.d. From the brain of the mouse with 
encephalitis a strain of herpes virus was isolated 
and mairtained through nine successive intra- 
cerebral passages in mice, after which the series 
was intertionally terminated. Most of the mice 
in each passage died on the fourth or fifth 
day after inoculation. 

Spinal Fluid Obtained Oct. 25, 1951, Deini 70, 
7051, Jan. 21, 1952, and June 30, 1952. Herpes 
simplex virus could not be recovered from the 
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first three samples of this series by inoculation of 
the chorio-allantois of twelve-cay embryos. 
Three to five blind passages were made before 
considering each test as negative. The June 30th 
specimen did not produce signs of encephalitis in 
six mice during three weeks of observation. 

Facial Lesion, October 19, 195] Swabbings 
from the base of the lesion suspeaded in 1 cc. 
saline containing penicillin and streptomycin 
produced typical herpetic lesions -n the chorio- 
allantois of twelve-day chick embryos within 
seventy-two hours after inoculation. Micro- 
scopic sections trom one of the membranal 
lesions revealed Type A intranuclear inclusions. 
A strain of virus was established from this 
source by passage in the chorio-allantois of 
eleven- to thirteea-day old embrya. 

Facial Lesion, Oct. 25, 1957. Herpes simplex 
virus was not recovered by inoculation of the 
chorio-allantois from swabbings collected on this 
date. 

Genital Lesion, Oct. 25, 7957. Vesicle fluid 
absorbed on a sterile cotton swab aad suspended 
in 1 cc. saline containing penicillir and strepto- 
mycin was inoculated on the chorx-allantois of 
twelve-day embrvos. Characteristic membranal 
lesions appeared in the second passage from this 
source. Typical intranuclear inclusions were 
found in sections of the membrana. lesions. 

Heel, Jan. 10, 7952. Vesicle flu d treated in 
the same manner as that collected from the 
genital lesion produced character:stic herpetic 
lesions on the first passage in the chorio-allantois 
of twelve-day embryos. Type A intranuclear 
inclusions were found in sections through the 
membranal lesions. 


Identification of the Virus as Herpes Simplex 


Á strain of virus derived from each of the four 
sources in the patient was maintained by passage 
in the chorio-allantois. Virus neutralization was 
‘done by the “pock counting" method, using 
antiserum prepared by hyperimnmunization of 
chickens with H.F. strain of herpes virus. Previ- 
ous tests had established a final 1-20 dilution as 
its effective neutralization titer against several 
strains of virus obtained from different individu- 
als with herpetic infections. The supernatant 
fluid obtained by centrifuging a 10 to 20 per 
cent saline suspension of heavily incected mem- 
branes for ten minutes was mixed in equal 
amounts with a 1-10 dilution of tke test serum 
and incubated at 35°c. for two hours. Virus 
suspension in an equal amount of sterile saline 


Herpetic Meningo-encephalitis—Huni, Comer 


constituted the control. Each of seven or eight 
twelve- to fourteen-day embryos was inoculated 
with 0.2 ml. of the mixtures, evenly spread over 
the chorio-allantois by means of a tuberculin 
syringe and needle. Pock counts were made at 
forty-eight to seventy-two hours following in- 
oculation. The results are presented in Table rr. 

It is apparent that this method produces 
considerable variations from one test run to 
another and also varies markedly from embryo 
to embryo in each test. Taken as a whole, the 
neutralization tests offer fairly good evidence 
for identifying the four strains of virus as herpes 
simplex. The absence of more complete neutral- 
ization can be accounted for by a more recently 
completed study, employing complement fixa- 
tion, which indicates that this strain is anti- 
genical_y quite distinct from the H.F. and other 
strains obtained from various sources. 

Behavior of the Virus in Rabbits. The corneas 
of each of two rabbits were inoculated with a 
membranal suspension from an early passage of 
the virus derived from the spinal fluid. Char- 
acteristic herpetic keratitis and conjunctivitis 
developed in each animal. One was sacrificed at 
forty-eight hours. Typical intranuclear inclu- 
sions were demonstrated in the corneal epi- 
thelium. The other animal exhibited signs of 
encephalitis on the fourth day and died on the 
seventh day following inoculation. Typical 
herpetic encephalitis was also produced in two 
rabbits following corneal inoculation with 
membrane passage virus derived from the heel 
lesion. 


Studies of the Patient’s Antibody Response to Herpes 
Simplex Virus 


Fourteen serum samples were obtained at 
intervals of varying duration between October 
5, 1951, and November, 1952. They were stored 
in sterile rubber-stoppered tubes at 5°c. until 
used. Virus neutralization tests were performed 
with nine of the samples of serum collected 
between October 5, 1951, and October 27, 1952. 
Complement fixation tests were run on thirteen 
samples obtained between October 15, 1951, and 
November 24, 1952. The strain derived from the 
patient’s spinal fluid was used as test virus in 
these determinations. 

Neutralization Tests on the Patient s Serum. Virus 
suspensions: The yolk sac of eight-day embryos 
was inoculated with 0.2 ml. of the supernatant 
fluid obtained by centrifuging a 10 to 20 per cent 
suspension of infected membranes from the 
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fourteenth passage. The amniotic fluid collected 
from embryos dead on the fourth or fifth day 
was cultured, pooled after forty-eight hours when 
found to be free of bacterial contaminants and 
centrifuged at 2,000 r.p.m. to remove coarse 
particles. Normal inactivated rabbit serum was 
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of Lot A and a 1—500 dilution of lot B and a 
selected range of fourfold dilutions of the serum 
samples were mixed and incubated at 35°c. for 
two hours. À normal serum-virus control mix- 
ture was prepared in the same manner with a 
1-10 dilution of human serum previously 


TABLE I 


IDENTIFICATION OF THE PATIENT’S VIRUS STRAINS BY NEUTRALIZATION TESTS 
a a TET cae A AAAA AAi M t a i i REA 


Date of test 10/24/51 1/25/52 12/22/51 1/22/52 
Source of virus Spinal Fluid Facial Lesion Penile Lesion Heel Lesion 
No. of embryo passages 
prior to neutralization | Mouse 2 => Embryo 1 4 5 3 
test 
Age of embryos 14-Day 13-Day 14-Day 12-Day 
Saline H.F. . | Saline H.F. Saline H.F. | Saline H.F. 


Approximate pock counts Control 


ee — | —9— |——— M Q——— 


Embryo No. 1 200 3 
No. 2 300 20 
No. 3 300 4 
No. 4 0 1 
No. 5 60 100 
No. 6 300 25 
No. 7 2300 15 
No. 8 Dead 25 


added to a final concentration of 10 per cent. 
This preparation was distributed in equal 
amounts to glass ampules, flame-sealed, quick 
frozen and stored at —20°c. until used. Another 
lot was prepared in the same manner from the 
fifteenth membranal passage. These are referred 
to in Table r1 as Lots A and B, respectively. Each 
lot was used for about one month after freezing. 

Technic of the Test. Phosphate-buffered sa- 
line, pH 7.4, containing 10 per cent normal 
inactivated rabbit serum, constituted the diluent 
for the virus suspension and the serum in all 
tests. The test sera, diluted 1:10, were heated at 
56°c. for thirty minutes on the day of the test. 
Preliminary titrations indicated that 0.2 cc. of a 
final 1-400 dilution of Lot A and the same 
amount of a final 1-1,000 dilution of Lot B 
could be expected to produce an average of 100 
to 200 pocks on the chorio-allantois of twelve- 
day embryos. Equal amounts of a 1-200 dilution 
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Antiserum | Control | Antiserum | Control 


* £x À— 9 


Antiserum | Control | Antiserum 


> 200 > 200 30 > 300 > 200 
150 > 200 15 > 300 > 300 
200 > 200 50 > 300 50 
100 > 200 10 > 300 100 
200 > 200 >200 200 75 
100 > 200 > 200 > 300 250 

> 300 > 200 25 > 300 75 

indi 200 2200 bw bu ode 


. demonstrated to contain no neutralizing anti- 


bodies to herpes simplex virus. Each of six 
twelve-dav embryos was inoculated with 0.2 
cc. of each serum-virus mixture, spread evenly 
over the chorio-allantois by means of a tuber- 
culin syringe and needle. Pock counts were made 
after forty-eight hours’ incubation at 35° to 
37?c. The results are presented in Table ur. 

It is to be emphasized that the “pock count- 
ing" technic provides information only as to 
relative differences in neutralizing antibody 
levels. It is not sufficiently exact to provide strict 
quantitative comparisons between different 
serum samples. 

The results of these tests nevertheless indicate 
that herpes neutralizing antibody in low con- 
centration was present in the first sample of 
serum collected during the time the patient had 
meningitis. The antibody concentration in- 
creased slowly during the following five weeks 
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and then dropped to low levels. It is interesting 
to note that the titer was found to be low on 
January 10, 1952, at the time of recurrence of 
the cutaneous herpes over the heel. The subse- 
quent rise observed by January 21, 1952, 
apparently represented a-response to the recur- 
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source of complement. A washed 2 per cent 
sheep cell suspension sensitized with an equal 
volume of 1:1000 dilution of commercial anti- 
sheep cell hemolysin was used as the indicator 
system ror all complement titrations and tests. 
Complement was titrated on each day that tests 


TABLE II 
TITRATION OF PATIENT’S SERUM SAMPLES FOR HERPES SIMPLEX VIRUS NEUTRALIZING CAPACITY BY THE 
*POCK COUNTING" TECENIC m 





11-15-51 
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10-21-52 


8/166 
19/166 
33/166 
91/166 


eee ne 
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Serum date 10-5-51 | 10-15-51 | 10-25-51 
Virus lot A A A A 
Date of test 10-27-52 | 10-21-52 | 10-27-52 
Final 1:20 7/160 22/166 13/160 
serum |1:80 59/160 | 51/166 31/160 
dilution|1:320 | 86/160 84/166 46/160 
T1280] «Leeds 86/160 
155120! z2-Lece doizegw- | . xxu 
Serum titer * 1:39 1:34 1:92 


12-10-51 | 1-10-52 | 1-21-52 | 6-30-52 | 10-27-52 
B A A B B 
11-20-52 | 10-28-52 | 10-28-52, | 11-19-52 | 11-23-52 
6/115 | 19/151 | 1/151 0/152 0/97 
32/15 | 37/151 | 5/151 1/152 1/97 
48/115 | 47/151 | 36/151 8/152 | 22/97 
155/1415 | ...... 72/151 | 46/152 | 100/97 
Sgr dacs |. pede: I, oye 117/152 | 113/97 
1:49 1:45 1:246 | 1:735 | 1:265 


Numerator—Average pock count obtained with the serum dilutior. 


Denominator—Average control pock count. 


* Serum titer expressed as the dilution estimated by interpolation tc produce 80 per cent reduction in pock count. 


rence of the infection at that time. It is difficult 
to interpret the significance of the antibody levels 
obtained on June 30, 1952, and October 27, 
1952, in relation to the frequent recurrences of 
cutaneous infection experienced by <he patient. 

Complement Fixation Tests. ‘Thirteen serum 
samples collected between October 15, 1951, 
and November 24, 1952, were tested for their 
capacity to fix complement with herpes simplex 
antigen. In general, the technic followed was 
that described by Enders and Levin,® employing 
0.1 cc. each of antigen and serum and 0.3 cc. of 
complement. After fixation overnight in the 
refrigerator at 5°c. the tests were completed by 
addition of 0.25 cc. of sensitized 1 per cent sheep 
cells. After incubation for thirty minutes in the 
37?c. water bath, tests were read immediately. 
The highest serum dilution giving 3-++ (50 per 
cent) or greater fixation was then taken as the 
endpoint. - 

All dilutions were made in 0.85 per cent NaCl 
solution containing 100 mg. .MgSO, per L. 
Pooled serum from four to.six guinea pigs, 
stored in small aliquots at —20?c. and used 
within five days after collection, constituted. the 


were set up to determine the dilution which 
would give two hemolytic units in 0.3 cc. The 
actual dilution used in the tests varied from 1:53 
to 1:100. 

The sirain of herpes simplex virus derived 
from the patient's spinal fluid served as the 
antigen. Considerable difficulty was encountered 
in obtaining a satisfactory stable antigen suspen- 
sion with which comparable results could be 
obtained. Amniotic fluid aspirated from embryos 
dying three to four days after inoculation into 
the yolk sac seemed to be best suited to this 
purpose. Bacteria-free fluids were pooled, centri- 
fuged at 1,500 r.p.m. for fifteen minutes, stored 
at 5°c. and used within two to three days. The 
antigen suspension was titrated in serial two- 
fold diluzions against a 1:4 dilution of each of 
three positive serum samples obtained from 
individuéls with recurrent herpes. The highest 
dilution of antigen giving complete fixation with 
two of the three sera was designated as “1 
unit? and. twice this amount was then used for 
the tests. As noted in Table 1v, only one antigen 
suspension was used in a dilution higher 
than 1:2. 
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The serum samples were all tested simul- 
taneously, using the same reagents. There was 
thus considerable variation in the length of 
storage of different samples. Several samples 
were found to be anticomplementary. Before 
each test, aliquots of a 1:4 dilution of each 


demonstrate the difficulties encountered in the 
applicatior of this method to a series of serum 
samples co_lected at intervals over a long period 
of time. Ai ordinary refrigerator temperatures 
serum is kkely to become anticomplementary 
upon prolonged storage. This interferes with . 


TABLE IV 
COMPLEMENT FIXATION TITERS OF SERUM SAMPLES COLLECTED FROM OCTOBER 15, 1951, 
TO NOVEMBER 24, 1952 








Anti- 
gen 
Dilu- 
tion 


Date 





10-15-51 11-8 | 11-15 | 11-27 











errr, O G O A — [E ———————— 


AC represents anticomplementary; —, not done. 


serum were heated at 60°c. for twenty minutes 
and then reheated at 62°c. for fifteen minutes. 
Twofold dilutions ranging from 1:4 to 1:128 
were set up, using a clean pipette for each dilu- 
tion. À 0.1 cc. amount of each dilution, delivered 
to a clean tube, was used for the test. 

The following controls were included in each 
test: (1) Serum controls: (a) serum plus normal 
amniotic fluid in 1:2 dilution; (6) serum alone; 
(c) serum plus 2 units of complement; (d) serum 
plus 1 unit of complement. Serum which pro- 
duced more than 1+ fixation (10 per cent) with 
1 unit of complement was considered anti- 
complementary. No fixation took place in the 
presence of normal amniotic fluid. The negative 
human serum control was from the same 
individual providing the negative control in the 
neutralization tests. (2) Antigen controls: (a) 
antigen only; (b) antigen plus 2 units of com- 
plement; (c) antigen plus 1 unit of complement. 
The normal amniotic fluid was set up with the 
same controls. None of the antigen suspensions 
or normal amniotic fluids was found to be 
anticomplementary in the dilutions used. (3) 
Complement controls: 1 unit and 2 unit com- 
plement controls were included to test for 
complement deterioration during the overnight 
period in the refrigerator at 5?c. 

Table tiv presents the results obtained by the 
complement fixation reaction. 

The results of the complement fixation tests 
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attempts to measure the complement fixing 
titer of the entire group of samples against a 
single ant. gen preparation. Considerable varia- 
tion in results is further encountered when the 
same serLm samples are tested with different 
antigen preparations at successive intervals. A 
stable antigen preparation is not yet available 
which car. be used to determine the titer of each 
serum sample within a short time after its col- 
lection. ‘Ihe results here presented permit only 
the limitec conclusion that complement fixing 
antibodies could be demonstrated in successive 
serum seriples drawn from the patient at 
intervals between October 15, 1951, and Novem- 
ber 24, 1952. There appears to be some fluctua- 
tion in complement fixing titer during this 
period. 

Serologte Tests with Other Viral Agents. Serum 
samples collected on October 5, October 10, 
October 25 and November 15, 1951, were sent to 
the Communicable Disease Center Laboratories 
in Montgomery, Alabama. No complement 
fixing an-ibodies for mumps, lymphogranuloma 
venereum, eastern and western equine en- 
cephalorevelitis or lymphocytic choriomeningitis 
could be demonstrated in these specimens. 


COMMENTS 


The sodzcific nature of this patient's illness 
became 2vident when lesions compatible with 
those produced by herpes simplex virus were 
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observed in embryonated eggs inoculated with 
spinal fluid obtained during the early stages of 
the meningo-encephalitis. This observation led to 
isolation of the virus from the cutaneous lesions. 
Clinically, the involvement of the central 
nervous system appeared to be a self-limiting 
process. The cutaneous eruption can be con- 
sidered to be the primary source for infection 
of the central nervous system. The serologic 
studies, which demonstrate a gradual but definite 
increase in specific antibody titer, provide fur- 
ther evidence that herpes simplex virus was the 
cause of the infectious process. 

It seems reasonable to believe that this was a 
first or “primary” infection. No history could be 
established to indicate the occurrence of previ- 
ous “fever blisters’? or other manifestations of 
herpetic infection. Since the first serum specimen 
tested was obtained five weeks after onset of the 
initial cutaneous lesion, examination of an 


"acute" specimen was not possible. The demon- - 


stration of the absence of antibodies in the acute 
serum specimen would have pravided more 
satisfactory evidence for the “primary” nature of 
the process. 

Problems regarding the pathogenesis of the 
central nervous system infection and the recur- 
rent skin eruptions provide interesting specula- 
tion in the light of the available data. At the 
time central nervous system involvement was 
evident, circulating antibodies could be demon- 
strated. If invasion by the blood stream ac- 
counted for this localization, it apparently took 
place early in the course of the initial cutaneous 
eruption. It is unlikely that a viremia would 
persist for any length of time when specific 
antibodies, presumably developing in response 
to the cutaneous infection, had made their 
appearance in the blood stream. Invasion by 
propagation along nerve axons from the initial, 
or genital, lesion would probably be less affected 
by circulating antibodies. Clinical evidence, 
particularly the sciatic nerve pain, gives support 
to the idea that a centripetal spread om the in- 
itial lesion along nerve tracts may have consti- 
tuted an important phase in the pathogenesis of 
the central nervous system involvement. There 
is good reason to explain the skin eruption over 
the left heel as resulting from a centrifugal spread 
of the virus along nerve tracts. The regular 
recurrence of cutaneous lesions is perhaps best 
explained on the basis of persistence of the virus 
in the central nervous system. 

The strain of herpes virus isolated from the 
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spinal Juid of this patient has proved to be of 
considerable interest. Neutralization tests with 
anti-H.F. serum suggested divergence in anti- 
genic characteristics. This observation has led to 
a detailed antigenic analysis by complement 
fixation of several strains of herpes virus ob- 
tained from patients with other manifestations 
of herpetic infection.* It has become evident 
that this strain is antigenically quite distinct 
from the majority of the others thus far com- 
pared. Whether or not this antigenic difference 
reflects a difference in behavior of the virus, as 
indicated by the long duration of the cutaneous 
lesions, 1s a matter for speculation. It is interest- 
ing to note that the recurrent lesions of the face 
follow a course more like that of the usual 
recurrent labial herpes than do those of the 
lower extremities, which are of a more pro- 
tracted nature. The pathogenesis of these 
episodes in relation to the patient's immune 
response remains an unsolved problem. In what 
manner, if any, the sarcoidosis may alter this 
patient’s reaction to herpetic infection is not 
evident. Answers to these questions await satis- 
factory 2lucidation of the pathogenesis of the 
more common types of recurrent herpes simplex. 

The experience gained from this case 
emphasizes the importance of previous familiar- 
ity and precedent as a guide in the study of 
cases of this type. Long-term comparative 
serologic studies are especially difficult. Quanti- 
tative comparisons of the antibody titer by 
means of complement fixation tests are made 
difficult by the tendency of serum to become 
anticomplementary on storage at ordinary 
refrigera-or temperatures. Storage of sera in the 
frozen state is probably more satisfactory from 
this stancpoint. A stable antigen preparation has 
not yet been devised. Although neutralizing 
antibodies are more likely to remain stable on 
storage, strict quantitative comparisons of 
neutralizing antibody levels are difficult to 
achieve. The serologic data obtained from this 
case indicate that the antibody level against 
herpes simplex fluctuated considerably. The 
relation of these fluctuations to the recurrent 
episodes of cutaneous infection is not clear in 
every instance. The answer to this and other 
problems awaits more thorough and consistent 
study of other cases. 
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occurrence of active fibrinolytic enzymes in 

the blood may result in severe bleeding.!—'8 
Enzymatic dissolution of blood clots with hemor- 
rhage has been cescribed in traumatic shock,!” 
following thoraciz**5 and abdominal*4 surgery, 
in pathologic pregnancy such as Eh incompati- 
bility^? or abruptio placenta,?/!? in severe liver 
disease,!! in septicemia!? and as a complication 
of blood transfusion. 1*1 

lhe association of fibrinolysis with certain 
types of malignancy has been noted recently.15718 
It has been demonstrated!9?? that prostatic cells 
secrete a proteolytic enzyme, in effect identical 
with fibrinolysin, so that an increase in prostatic 
neoplastic tissue mass or its dissemination 
throughout the body might result in an increase 
in the number of functioning cells that produce 
. this substance. Fibrinolysis has neen noted also 
in association with carcinoma of the pancreas!?:!? 
but a similar relationship between a fibrinolytic 
enzyme and the pancreatic secretion has not 
yet been demonstirated.!? 

Fibrinolysis in leukemia is little known, having 
been the subject of only a few reports. Janbon 
et al.?? described a five year old girl who had 
leukemia associated with bleeding attributed 
to thrombocytopenia and to a total absence 
of fibrinogen. These authors did not report 
actual lysis of the clot by a fibrinolysin. In June 
1954, Giraud and his group?! reported the case 
of a forty-five year old man with acute granulo- 
cytic leukemia in whom hemorrhage was 
associated with thrombocytopenia as well as 
enzymatic dissolution of the fibrin clot. In a 
study of fifty cases of leukemia of various types, 
Mene et al.” demonstrated increased activity 
against fibrinogen zn vitro in the plasma of forty- 
six patients. Zardi?* demonstrated a similar 
fibrinogenolytic phenomenon in ten of eleven 
cases of Hodgkin's disease. In these experiments, 
sterile oxalated plasma was incubated for four 


i a number of different diseases the abnormal 


days ard daily determinations of fibrinogen were 
done. Although a progressive fall in the plasma 
fibrinogen occurred following incubation, none 
of these patients showed a bleeding tendency and 
there was no lysis of the fibrin clot once it was 
formed. Interference with fibrin formation by a 
peculiar protein was recently described in a 
case of multiple myeloma, but true fibrinolysis 
was not described and the patient apparently did 
not bleed.*4 No further report of fibrinolysis in 
leukemia has been made with the exception of 
passing reference to the possibility of this 
phenomenon in a review on fibrinolysis.?? 

In this report we wish to describe a patient 
with leukemia in whom a fibrinolysin was 
demonstrated shortly before death. Although 
a more complete study of the properties of the 
fibrinolytic enzyme could not be carried out, the 
occurrence of fibrinolysis in leukemia is of such 
clinical import as to call attention to its presence. 


CASE REPORT 


Patient J. S. (MCGH, 444412), an eighty-two 
year old man, was first seen in July 1949 at which 
time a small rectal polyp was removed. 'This 
proved to be an adenocarcinoma of low grade 
malignancy. No evidence of metastasis was 
present at the time of surgery. The blood count 
on this admission was within normal limits. 
Follow-up studies in the outpatient department 
failed to disclose any recurrence during the 
succeeding four years. Within the two months 
immediately preceding the final admission in 
November 1953, the patient began experiencing 
brief, transient syncopic attacks and increasing 
weakness. No tendency toward hemorrhage was 
present at this time. 

On physical examination the patient was pale 
but did not seem acutely ill. Petechiae, purpura 
or bleeding from the mucous membranes was not 
present. The lymph nodes were not palpable. 
Gingival hyperplasia was not noted. There was a 
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soft systolic murmur at the cardiac apex. The 
liver and spleen were not enlarged. The prostate 
was of normal size and consistency. 

The hemoglobin was 6.25 gm. per 100 mi., the 
red cells 2.03 million per cu. mm. and the white 
cells totalled 3,100 per cu. mm., with segmented 
polymorphonuclears of 1 per cent, band forms 
2 per cent, lymphocytes 19 per cent, meta- 
myelocytes 1 per cent, myelocytes 3 per cent and 
“blast? forms 75 per cent. There were 73,000 
platelets per cu. mm., and the reticulocytes 
numbered 2 per cent. The bone marrow aspirate 
showed a preponderance of peroxidase-positive 
blast forms, some with Auer bodies characteristic 
of acute granulocytic leukemia. 

Urinalysis, serum bilirubin, acid and alkaline 
phosphatase, total protein, albumin and globulin 
and non-protein nitrogen were all normal. 

‘Therapy was initiated with two units of red 
cell mass that raised the hemoglobin to 9 gm. 
The patient developed intermittent bleeding 
from the site of bone marrow aspiration. À 
moderate sized hematoma developed in the ear 
lobe which had been punctured by a blood 
lancet. Ecchymoses and hematomas developed 
in the subcutaneous tissues of the extremities. 
Five days after admission severe hematemesis 
and melena suddenly developed; the patient 
became comatose and died shortly thereafter. 

Post-mortem examination showed leukemic 
infiltration into the spleen, liver and kidneys. 
During the period immediately preceding death 
massive hemorrhage into the gastrointestinal 
tract and the cerebral hemispheres developed. 
No gross or microscopic evidence for recurrent 
carcinoma of the bowel was noted. The prostate 
and pancreas were similarly free of neoplasm. 

The coagulation time was performed by a 
standardized Lee-White method.** The bleeding 
time was determined by the Ivy technic.? Clot 
retraction and clot-lysis time were estimated by 
frequent periodic observation of the clot ob- 
tained in the coagulation time test, incubated 
at 37°c. 

The fibrinolytic activity of the serum of the 
patient on a saline-washed clot obtained from a 
normal subject was determined by adding an 
amount of the patient’s serum equal to the 
quantity of normal serum originally present. The 
tube was incubated at 37°c. and clot lysis noted 
by periodic inspection. 

Fibrinogen was determined as outlined by 
Quick?! in fresh plasma and in plasma incu- 
bated at 37°c. for twenty-four hours. 
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The prothrombin time, total prothrombin, 
prothrombin consumption time and thrombo- 
plastinogen activity time all were performed by 
methods criginated by Quick.?? The thrombin 
coagulation time was determined by estimating 
the coagulation time in seconds following addi- 


TABLE 1 
TESTS OF HEMOSTATIC FUNCTION 
(Coagulatioa time, 18 minutes; prothrombin time, 16.5 
seconds; total prothrombin, 9 seconds) 


Minutes After For- 
mation of Clot 


15 | 30] 45 
Prothrombm consumption time 
(sec.): 
UNE TP 1225 2 1 1129 
Tabe yeo imne ET a pre hes 11 | 11 
Thromboplastinogen activity time: 
Clotting zime (sec.)............ 12.5 1232 2 41:5 





tion of tarombin, 0.1 ml. to plasma 0.2 ml. 
(Table 1.) The test for circulating heparinoids 
was carried out by adding protamine (0.5 per 
cent), 0.01 ml. to plasma, prior to determination 
of the thrombin coagulation time. Circulating 
anticoagulants were sought by mixing varying 
quantities of fresh whole blood of the patient 
with tha: from a normal control subject and 
determin.ng the coagulation time. Following 
coagulation all of the tubes were observed for 
clot lysis. 

On the second hospital day the bleeding time 
was four and one-half minutes but hemorrhage 
from the site of puncture started again several 
hours later and continued for the remainder of 
the patieat's course. The Lee-White coagulation 
time was eleven and one-half minutes. Clot 
retraction began in thirty minutes, but the 
entire clot was completely liquified within one 
hour. Or the other hand addition of the patient's 
serum tc the washed clot derived from normal 
blood had no such fibrinolytic effect. 

The plasma fibrinogen concentration was 
determired to be 214 mg. per 100 cc. in freshly 
drawn blood. (Table 1.) Although the fibrinogen 
concentration of a normal person determined at 
the same time was 337 mg. per 100 cc., a mixture 
of equal quantities of both plasma samples had a 
fibrinogen concentration of 272 mg. per 100 cc. 
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At the end of twenty-four hours of :ncubation at 
37°c., the fibrinogen concentrations in these 
three tubes were as follows: patient's plasma, 
182; control plasma, 214; and mix-ure of equal 
parts of both plasma samples, 219 mz. per 100 cc. 
In the tubes containing the plasma from the 











TABLE It 
EFFECT OF INCUBATION UPON PLASMA FIBRINOGEN 
CONCENTRATION 
Plasma 
Fibrinogen Concentration (mg. %) 
Time 
(hr.) 
2 Patient 
Patient Goncol 1:1 Control 
0 214 272 337 
24 182 219 214 
TABLE ni 
THROMBIN COAGULATION TIMZ 
Clotting Time 
Patiemt Control 
(seconds) | (seconds) 
Plasma 0.1 ml...... 
Thrombin l4 0.1 ml...... 12 9 
Plasma Üben. es 
Protamine (0.5%) 0.01 mL..... 
0.1 mLl...... 9.5 9 


Thrombin i6 


patient, the recalcified plasma clot observed at 
the thirty minute incubation period required for 
the performance of this determinetion was a 
brittle white flocculate and could b» mobilized 
for sodium hydroxide digestion onl» by centri- 
fuging. If recalcified plasma from the patient 
were allowed to stand longer, the clot would 
disappear entirely. 

The prothrombin time was 16.5 seconds. 
Impaired prothrombin consumpticn (11 sec- 
onds) was very likely the result cf thrombo- 
cytopenia, but impaired thromboplastinogen 
activity time (11.5 seconds) indicated deficiency 
in thromboplastic activity of the patiznt's blood. 
Thrombin coagulation times are listed in Table 
wi. The prolonged clotting time of twelve seconds 
when thrombin was added to tbe patient's 


Control blood (ml.)... 
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plasma indicated the presence of an anti- 
thrombic substance. Correction of this defect 
with protamine suggested that this substance was 
heparin-like in activity. This substance proba- 
bly had no appreciable significance as a 
circulating anticoagulant because coagulation 


TABLE IV 
TEST FOR CIRCULATING ANTICOAGULANT 









Patient’s blood (ml.).. 


Fy errr EE 


Coagulaton time 
CTs orales 
Fibrinolysis.......... 






time of z normal person was not prolonged when 
the blood was mixed in varying proportion 
with that of the patient. (Table rv.) Although the 
patient's serum had no fibrinolytic effect on a 
normal washed clot, clot lysis took place follow- 
ing coagulation of mixtures of whole blood from 
that of the patient and that of a normal person. 
The Lee-White coagulation time repeated four 
days after hospitalization showed an increase to 
eighteen minutes. 


COMMENT 


Although thrombocytopenia played a con- 
tributing role, the data herein presented indicate 
that the chief cause of continued hemorrhage 
in this patient was destruction of the end product 
of coagulation, fibrin, by a proteolytic enzyme. 
The development of clinical events suggests that 
hemorrhage was a preterminal complication 
which led directly to death. There is no direct 
evidence to fix the exact time of onset of 
fibrinolysis in relation to hemorrhage or the basic 
disease. Symptoms suggesting leukemia were 
present for about two months and fibrinolysis 
was demonstrated at least two days before 
active hemorrhage had started and five days 
before death. 

Itis well known?? that normal plasma contains 
an inactive precursor of fibrinolysin called 
*profibrinolysin." It is the potential function of 
this substance when activated to remove small 
blood clots following an inflammatory episode 
and to institute recanalization of clots in larger 
intravascular thrombi. The events leading to 
activation of profibrinolysin are not well 
understood. It has been postulated???! that the 
tissues contain a profibrinolysin activator or 
“kinase”? which initiates the changes leading to 
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clot dissolution in the event of injury, tissue 
breakdown, shock and other pathologic states. ?? 
That fibrinolysis may be inhibited by naturally 
occurring substances was suggested by Giraud 
et al.?! and by our observations that a normal 
clot washed in saline was not dissolved by the 
serum of the patient. This observation probably 
represents a mechanism which in normal persons 
is protection against extensive fibrinolysis. 

The possibility that the fibrinolysin in this 
case might also have fibrinogenolytic properties 
was suggested by diminished plasma fibrinogen 
values. (Table m.) Evidence of accelerated 
fibrinogenolysis, of necessity indirect, has been 
presented in previous in vivo! and in vitro?*.*8 
studies. It is our belief that a spurious diminution 
of plasma fibrinogen level might result from the 


action of fibrinolysin of the fibrin clot of recalci- . 
fied plasma during the incubation period re- - 


quired by this examination. Also the drop of 
fibrinogen values from 214 to 182 mg. per 
100 cc. following twenty-four hours’ incubation 
of the patients plasma was paralleled by a 
diminution of similar magnitude in the fibrino- 
gen concentration of normal plasma incubated 
under similar circumstances. Thus our studies do 
not support the possibility that fibrinogenolysis 
occurred at least in vitro. More concrete evidence 
would have been derived from a study of the life 
span of transfused fibrinogen had this been done. 

The prolonged prothrombin time in this case 
suggests that fibrinolysin might have destructive 
properties directed against prothrombin as well 
as other coagulation proteins. Stefanini and 
Gendel’? have presented a case of carcinoma of 
the prostate which gave evidence that fibrinoly- 
sin was associated with marked shortening of the 
survival time of “purified” coagulation factors 
of various types. This point could not be investi- 
gated further in our patient due to his early 
demise. Study of the pathology?! of the tissues 
removed at post-mortem examination failed to 
disclose any morphologic evidence of digestion of 
tissue proteins, suggesting that this enzyme did 
not possess a general proteolytic effect. 

The paucity of published reports indicates that 
fibrinolysis is extremely rare in leukemia. In the 
authors’ studies of forty cases of leukemia of 
various types?* no other instance of fibrinolysis 
was demonstrated, nor was there any undue 
deficiency in the amount of plasma fibrinogen. 
In these cases of leukemia the level of the plasma 
fibrinogen was not correlated with the leukocyte 
count. Conditions accompanied by leukocytosis 
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such as infammation, on the other hand, are 
characteristically associated with an increase in 
the blood fibrinogen value. The studies of 
Georgeatso: and Quick?! suggest that products 
of leukocytc breakdown, injected into experi- 
mental animals, are capable of stimulating the 
productior. of fibrinogen. Conversely the possi- 
bility that leukocytes, lymph nodes or bone 
marrow mizht actually manufacture or carry 
fibrinolytic enzymes?! should be studied further. 
The usual cause of hemorrhage in acute 
leukemia is thrombocytopenia associated with 
replacemen- of megakaryocytes in the bone 
marrow bv leukemic cells. That thrombocyto- 
penia also played a substantial role in bleeding 
in our case was evidenced by the appearance of 
spontaneou: ecchymoses, gastrointestinal hemor- 
rhage, low rlatelet count, absence of megakaryo- 
cytes and irr paired prothrombin consumption. 
Finally tae presence of a circulating anti- 
coagulant cirected against thromibin was sug- 
gested by the increased thrombin time deter- 
mination. The neutralization of this substance 
by protamme favored its heparinoid nature. 
Apparently this heparinoid substance was 
not present in sufficient quantity to cause a 
marked increase in coagulation time, nor did it 
prolong coegulation time of normal subjects. 


SUMMARY 


1. In an eighty-two year old man, acute 
leukemia was associated with fatal hemorrhagic 
phenomena The chief factor in the mechanism 
of hemorrhzge was destruction of the fibrin clot 
by a fibrin3-ytic enzyme. | 

2. The patient also showed - thrombocyto- 
penia due to absence of megakaryocytes, in- 
crease in prothrombin time, impairment of 
prothrombin consumption and increase of a 
heparinoid substance with antithrombic activity. 


Acknowleizement: We wish to acknowledge the 
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Quick in whose laboratory the prothrombin, 
thrombin and anticoagulant studies were made. 

Addendum. Since this paper was submitted for 
publication an account of fibrinolysis in acute 
granulocytic leukemia was published in the 
Annals of Internal Medicine, 42: 706, 1955 by 
Cooperberg and Neiman. 
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Editorial 


Pathergic Granulomatosis 


HE peculiar tissue changes involving par- 
i | ticularly the respiratory tract, kidneys 

and spleen which were first described by 
Klinger! in 1931 and later by Wegener? in 1956 
have been called Wegener's granulomatosis or 
syndrome. Other terms applied to this syndrome 
include necrotizing granulomatosis and angiitis, 
respiratory-renal type of polyarteritis nodosa, 
atypical periarteritis nodosa, giant cell granu- 
loma, granuloma with periarteritis nodosa, 
rhinogenous granuloma (Wegener’s original 
term), rheumatic vascular inflammation, para- 
rheumatic disorder, LoefHler’s syndrome and 
hemorrhagic and interstitial pneumonitis with 
nephritis. Recently, because of the appearance of 
these lesions in asthmatics and of the histologic 
characteristics found, Ehrlich and Romanoff? 
and Churg and Strauss‘ have called this entity 
allergic granulomatosis. It is the: consensus of 
most contemporary observers of this disease that 
a sensitivity phenomenon is involved but the 
term allergic granulomatosis appears inap- 
propriate since the disease may occur without 
asthma, and a less restricted term seems neces- 
sary. Fahey et al.® have complicated the question 

1 KLINGER, H. Grenzformen der Periarteritis nodosa. 
Frankfurt. Ztschr. f. Path., 42: 455, 1931. 

2 WEGENER, F. Uber generalisierte, septische Gefásser- 
krankungen. Verhandl. d. deutsch. path. Gesellsch., 29: 202, 
1936; Uber eine eigenartige rhinogene Granulomatose 
mit besonderer Beteiligung des Arterien-systems und der 
Nieren. Beitr. z. path. Anat, u. z. allg. Path., 102: 36, 1939, 

3 EunLICH, J. C. and Romanorr, A. Allergic granuloma 
of the lung, clinical and anatomic findings in a patient 
with bronchial asthma and eosinophilia. Arch. Int. Med., 
51:259, 1951. 

* Cuurc, J. and Strauss, L. Allergic granulomatosis, 
allergic angiitis and periarteritis nodosa. Am. J. Path., 27: 
277, 1951. 


5 FAugv, J.. L., LEoNARD E., Cuunc, J. and GopmMan, 
G. Wegener's granulomatosis. Am. J. Med.,17:168,1954. 
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of nomenclature still further by attempting to 
separate cases of allergic granuloma from what 
they designate Wegener’s granulomatosis with a 
predominance of necrotizing granulomatous 
lesions in the respiratory tract and the usual 
absence of clinical stigmata of allergy or tissue 
eosinophilia. Yet they noted one case. which 
had the features of Wegener’s granulomatosis 
together with a history of allergy and tissue 
eosinophilia, Furthermore, they admit the 
close histologic similarity between the cases of 
allergic granulomatosis and Wegener’s granu- 
lomatosis. Ahlström, Liedholm and -Truedsson® 
divide their cases into severe and mild naso- 
pharyngeal types but believe that they are 
essentially the same. 

It can hardly be doubted that this plethora 
of terms has added to the confusion regarding 
this disease. Consequently, the writer began a 
search through the literature in an attempt to 
devise a term which would be more satisfactory, 
particularly from the aspect of pathogenesis. 
During his search, Réssle’s definition’ of 
pathergy as the totality of the morbid phenom- 
ena which can be produced by a state of altered 
reactivity was noted. This definition fits nicely 
the prevailing concept of pathogenesis of this 
type of granulomatosis so the term pathergic 
granulomatosis was chosen and is offered as most 
suitable for the complex disease under discussion. 

It is proposed that pathergic granulomatosis 
be divided into two varieties. The first is dis- 
seminated pathergic granulomatosis which may 
be viewed as the total possible expression of the 


5 AnrsTROM, C, G., LIEDHOLM, K. and Truepsson, E. 
Respirato-renal type of polyarteritis nodosa. Acta med. 
Scandinav., 144: 323, 1953. - 

T RóssrE, R. Allergie und Pathergie. Klin. Wehnschr., 
12: 574, 1933. 
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pathergic process, with many organs and tissues 


involved; the second variety, in which only a 
single organ or a portion of an organ is involved 
without progression to the disseminated form, is 
designated focal pathergic granulomatosis. 

In disseminated pathergic granulomatosis,? 
cough, weakness, fever, night sweats and hemop- 
tysis may continue for years or a “atal termina- 
tion may occur within a month. În some cases 
asthma may precede the development of 
granulomatosis. Abnormal respira-ory signs are 
observed unilaterally or bilaterally on physical 
examination. In the roentgenozram, single 
circumscribed opacities may be visible; they 
may be mistaken for tumor or abscess. Subse- 
quently, multiple lesions of the lungs appear as 
the disease progresses, and these are accom- 
panied by signs of involvement cf the kidney 
such as urinary albumin, casts, red cells and 
even gross hematuria. Finally, uremia super- 
venes. In other cases a diffuse, bilateral process 
in the lungs visitle in the roentgenogram as a 
confluent, miliary type of infiltration is accom- 
panied by involvement of the kidney at the 
‘onset of the disease. Other clinical manifestations 
noted in these cases have included bloody 
rectal discharge, epistaxis, marked conjuncti- 
vitis, photophobia, petechiae of the skin and 
ulcerations of the skin and mucous membranes. 
The blood eosinophilia which has keen noted in 
these cases is often evanescent and disappears in 
the acute or terminal phases of the disease. 

Examination of the lungs grossly in cases of 


disseminated pathergic granulomatosis reveals | 


single or multipie firm, well circumscribed 
masses in some cases and more diffuse lesions in 
others. Granulomatous lesions are found micro- 
scopically, with marked ulceration and occlusion 
.of the bronchi and bronchioles, fibroblastic 
proliferation, focal necroses with palisaded 
cells, numerous vacuolated macrophages, giant 
multinucleated cells, and inflammation and 
necrosis of arteries and veins. In surgically 
removed pulmonary lesions, eosinophils are 
found but these are usually absent in post- 
mortem tissues in which superimposed diffuse 
necrosis of the granulomatous lesions is striking. 
Massive or spotty necrosis of the spleen and 
thrombotic granulomatous glomervlonephritis, 
in which granulomata, glomerular thrombi, 


8 FIENBERG, R. Necrotizing granulomatosis and angi- 
itis of the lungs with massive splenic necrosis and focal 
thrombotic granulomatous glomerulonephritis, Am. J. 
Clin. Path., 23: 413, 1953. 
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crescents and angiitis are present, are commonly 
seen az autopsy. In some but not all cases 
extensive destruction of the nose and accessory 
sinuses may be observed. Ulcerations of the oral 
mucous membranes, trachea, skin, gastrointes- 
tinal tract and bladder and focal necroses of the 
lymph nodes may occur. While lesions similar 
to those found in periarteritis nodosa have been 
observed in regions such as the gastrointestinal 
tract, they may be absent. 

Bacteriologic studies of lesions of the lungs and 
other organs give either negative results or yield 
bacteria which are secondary invaders. 

An example of focal pathergic granulomatosis? 
is found in idiopneumonic pathergic granulo- 
matosis. Hemoptysis, unilateral chest pain, night 
sweats, shortness of breath, wheezing, coughing 
and fatigue accompanied by unilateral rhonchi 
and rales occur in this entity. In the roentgeno- 
gram, unilateral fairly well demarcated patches 
of consclidation may be seen in the lungs. The 
lesions are composed of granulomatous tissue 
with excensive collagenization and remnants of 
elastic layers of blood vessels present. Ulceration 
and occlusion of the small bronchi and bron- 
chioles, as in the disseminated form, may be 
seen as well as numerous vacuolated macro- 
phages in the parenchyma peripheral to the 
involved portion of the bronchial tree. 

Anotker possible example of a more restricted 
type of iavolvement is seen in pneumonitis of the 
cholesterol type.? Here non-bacterial mucosal 
ulceraticn and obstruction of the smaller 
branches of the bronchial tree due to a hyper- 
sensitivity reaction of the Arthus type is held 
responsible for the massive accumulations of 
lipoid-filled phagocvtes and the fibrosis in the 
adjacent parenchyma of the lung. These changes 
are identical with the pneumonitis found periph- 
eral to obstruction of a bronchus by a tumor. 
Clinically, pneumonitis of the cholesterol type is 
marked by cough, chills, fever, sweating, ano- 
rexia, fatigue, malaise, loss of weight, elevated 
temperature, hemoptysis, dyspnea, sharp to dull 
chest pain and cough productive of sputum. 
Some of :hese signs may be caused by secondary 
infection of the obstructed bronchi and bron- 
chioles. In the roentgenogram the lesions of 
pneumonitis of the cholesterol type vary. 
Collapsed lobes, opaque masses, nodulation and 
cavitation may be seen. Surgical resection of 

? FrENBERG, R. Necrotizing granulomatosis and angi- 


itis of the lungs and its relationship to chronic pneumonitis 
of the cholesterol type. Am. J. Path., 29: 913, 1953. 
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the involved portions of the lung has proved 
beneficial. 

The question as to whether or not certain cases 
of so-called eosinophilic granuloma of the lung 
may be included as focal types of pathergic 
granulomatosis is difficult to answer. Numerous 
eosinophils may be found in pulmonary lesions 
of the disseminated form, thus creating the 
impression of an eosinophilic granuloma. It 
should be noted that pulmonary lesions similar 
to those found in disseminated pathergic 
granulomatosis accompanied by eosinophilia 
have been called Loeffler’s syndrome by von 
Meyenburg'? and Bayley et al.,!! among others. 

Another interesting syndrome which may be 
interpreted as a focal manifestation of pathergic 
granulomatosis is Cogan's syndrome! in which 
non-syphilitic interstitial keratitis and bilateral 
deafness are found. Eosinophilia has been 
observed in some of these cases. Evidence that 
these cases may be linked with pathergic 
granulomatosis may be found in the report by 
Oliver et al? in which subcutaneous granu- 


von MEYENBURG, H. Das eosinophile Lungeninfil- 
trat; pathologische Anatomie und Pathogenese. Schweiz. 
med. Wehnschr., 72: 809, 1942. 

u Bay.ey, E. C., Linpserc, D. O. N. and BAcENsTOSS, 
A. H. Locffler's syndrome; report of a case with pathologic 
examination of the lungs. Arch. Path., 40: 376, 1945. 

1? CocAN, D. G. Syndrome of nonsyphilitic interstitial 
keratitis with vestibuloauditory symptoms. Arch. Ophth., 
33: 144, 1945; Ibid, 42: 42, 1949, 

13 OLIVER, L., TAuBENHAUS, M., SHAPIRA, T. M. and 
Lesin, N. Nonsyphilitic interstitial keratitis and bilateral 
deafness (Cogan's syndrome) associated with essential 
polyangitis (periarteritis nodosa) New England J. Med., 
248: 1001, 1953. 
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lomatous nodules and angiitis were detected in a 
patient with Cogan's syndrome. Certainly the 
published illustrations of the subcutaneous nod- 
ules are reminiscent of pathergic granulomatosis. 

In the literature pathergic granulomatosis has 
often been linked with periarteritis nodosa and 
has been thought of as a borderline type or as 
true periarteritis nodosa with added granulo- 
matous.lesions. The belief has grown that 
granulomatous lesions are caused by arterial 
changes but the absence of granulomatous 
lesions and of phlebitis in cases of extensive 
arterial lesions in periarteritis nodosa as well as 
the absence of arterial changes in some cases of 
disseminated pathergic granulomatosis has been 
glossed over. Another interpretation may be 
offered, however, in which the arterial system 
would be considered a single organ and limita- 
tion of the involvement to the arteries would 
constitute a form of focal pathergic granulo- 
matosis. Thus the arterial lesions in periarteritis 
nodosa would not lead per se to extravascular 
granulomatous lesions but, in those cases in 
which lesions of arteries characteristic of 
periarteritis are present together with extra- 
vascular granulomatous lesions, either might be 
considered a result of the pathergic process and 
neither would be dependent on the other for its | 
pathogenesis. 


ROBERT FIENBERG, M.D. 
Beverly Hospital, 
Beverly, Massachusetts 
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HE classic theory of the mechanism of 
| activation of the mammalian ventricular 
wall evolved from the pioneer work of 
Lewis and Rothschild in 1915! and subsequent 
observations made by a number of other investi- 
gators. In.these studies the mode o? depolariza- 
tion of the myocardial wall from endocardium 
to epicardium was inferred by the study of the 
electrical potentials in the cavity of the ventricles 
on the one hand and on the epicardial surface 
on the other. Electrocardiographic properties of 
the intramural layers situated berween endo- 
cardium and epicardium were not studied until 
recent years. 

Activation of the ventricular wa.l, according 
to classic theory which is based on arimal experi- 
mentation, is accomplished by advance of the 
activation front, at a constant rate, from endo- 
cardium to epicardium. All lavers of the 
myocardium are assumed to contribute in propor- 
tion to their thickness to the genesis of electro- 
cardiographic deflections. For instance, the R 
wave of the depolarization complex is said to 
begin in the endocardium and increase pro- 
gressively in amplitude as the activation front 
approaches the epicardium. The S wave is 
supposed to decrease in amplitude from endo- 
cardium to epicardium. This theory was applied 
to human electrocardiography and has since 
served as the basis for interpretat.on of both 


normal and pathologic electrocardiographic 
deflections. 

Attempts at direct electrocardiographic studies 
of the human heart were made as early as 1929 
when Barker and his associates obtained records 
by placing electrodes directly on the surface of a 
heart exposed following pericardiostomy.? In 
1942 Nylin and Crafoord? obtained direct 
electrocardiograms in two patients subjected to 
thoracotomy for pneumonectomy. Groedel and 
Borchardt’ studied direct electrocardiography 
in 100 patients with pneumothorax and other 
affections of the lungs. 

The development of the technic of cardiac 
catheterization made it possible to record 
potentials from the human cardiac cavities. 
Thus Lenégre and Maurice,’ Hecht, Sodi- 
Pallares and his co-workers, Kisch et al? 
Duchosal and associates,? Kert and Hoobler,!? 
Kossman and co-workers! Wenger et al.,!? 
Levine and his associates,!?^!* and others 
studied »otential variations of right intracardiac 
and incravascular cavities. More recently, 
Seligman and his associates,!? Sodi-Pallares 
et al.,!7-8 Gibert-Queralto and co-workers, !°~?! 
and others explored the left cardiac cavi- 
ties with the use of catheter electrodes. 
Considerable contribution was made to the 
understanding of cardiac electrophysiology by 
these studies. However, the electrical phenomena 


* From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, the Department of Medicine, 
School of Medicine, University of Calicornia, Los Angeles, and the City of Hope Hospital, Duarte, California. 
] Research Fellow, Los Angeles County Heart Association. 
t Research Fellow, American Heart Association. 
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occurring within the myocardial wall remained 
unexplored; the mode of genesis of electro- 
cardiographic deflections between endocardium 
and epicardium continued to be unknown. 

Our interest in further study of this field was 
aroused when certain electrocardiographic find- 
ings obtained in experimentally produced 
myocardial infarction in dogs could not be 
adequately explained by the classic concepts: it 
was observed that an old infarct confined to the 
subendocardial myocardium did not alter in 
any way the records taken directly from the 
overlying normal epicardium. This was at 
variance with the prevailing concepts concern- 
ing electrocardiographic changes of subendo- 
cardial infarction which anticipate a QR type of 
complex.???? If it is assumed that all layers of the 
myocardium are equipotent in producing R 
potentials, then necrosis of the subendocardial 
layers would be expected to cause the initial 
segment of the R wave to be replaced by a Q 
wave. The discrepancy could not be resolved 
without knowledge concerning what takes place 
during the process of repolarization in the 
various myocardial layers individually. 

The development of a new approach to the 
study of ventricular activation by use of needle ar 
"plunge" electrodes in this laboratory, and 
independently by Scher,?* Sodi-Pallares?* and 
Durrer,?* opened new vistas to the understand- 
ing of electrocardiography. This technic enabled 
us to register electrocardiographic phenomena 
at any desired level of the myocardium. De- 
polarization of the inner layers was shown to 
produce no R wave. Records obtained from 
these layers yielded pure QS waves rather than 
rS waves as had been assumed by classic 
theories. 

These findings afforded a tentative explana- 
tion for the previous observation that healed 
subendocardial infarction in dogs was not 
associated with electrocardiographic changes. 
Indeed, necrosis or fibrosis of a portion of the 
myocardium which does not normally con- 
tribute to the genesis of the electrocardiographic 
deflections could not be expected to alter the 
electrocardiogram. 

The technic of intramural electrocardio- 
graphic exploration was considered to be inform- 
ative and, in fact, indispensable for study of the 
otherwise inaccessible intramural layers. Since 
it was noted in several hundred dogs subjected 
to intramural electrocardiography that the 
procedure was without hazard, similar studies in 
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human beings were considered feasible and the 
objective evidence resulting therefrom highly 
desirable. 

A review of the literature concerning intra- 
cardiac injection of drugs for the purpose of 
resuscitating the stopped heart revealed that the 
procedure of cardiac puncture was without 
untoward consequences in the hearts revived.?^?$ 
Accidental puncture wounds of the heart, such 
as those occasionally encountered in the course 
of pericarcial paracentesis and in stab wounds of 
the heart, are known to be fatal only if they 
traumatize an important branch of the coronary 
arteries, leading to hemopericardium and 
cardiac tamponade. 

Clinically, Ponsdomenech and Beato Nunez 
in 1951?-9 suggested a technic of cardiac 
puncture “or direct visualization of the cardiac 
cavities. They introduced a special trocar forty- 
five times in thirty patients through a subxiph- 
oid transdiaphragmatic route and found the 
procedure devoid of significant ill effects. In 
cardiac surgery, Brock’s valvotome or other 
comparable instruments are thrust through the 
ventricular wall for division of stenotic pulmonic 
or aortic valves. Bleeding from the site of the 
valvotome after it is removed is usually minimal 
and controllable with fingertip pressure. 

The extensive experience accumulated dur- 
ing four years of intramural electrocardio- 
graphic studies in dogs led us to regard the 
procedure as completely safe. Intramural elec- 
trocardiography was found to be devoid of 
hazard-nct only in normal dogs but also in dogs 
with the following conditions: acute and old 
myocardial infarction, experimentally produced 
bundle branch block, ventricular arrhythmias, 
experimentally produced arterial hypertension 
and myocardial failure due to hemorrhagic 
shock. There were no complications attendant 
upon carciac punctures even in dogs dying after 
prolonged manipulation with production of 
multiple infarcts. No serious complications 
occurred in animals subjected to numerous 
plunges on repeated occasions. Isolated prema- 
ture ventricular contractions, which were al- 
ways innocuous, constituted the only ill effect 
attributable to the puncture with plunge 
electrodes. 

It is to be recalled that the plunge electrode 
used in this type of study is very small, the size 
of a 22 to 20 gauge injection needle. The amount 
of trauma to the myocardium is negligible and 
the bleeding hazard is practically non-existent 
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when the coronary arteries are avoided under 
direct vision. 

On the strength of these facts and 5bservations, 
and since we had no reason to fear that the 
human heart would be more valnerable to 
electrode puncture than the dog’s heart, a study 
of human intramural electrocardiography was 
undertaken. 


MATERIAL AND METHODs 


The present report is based on the results of intra- 
mural electrocardiography in twelve human subjects. 
However, prior to iritiation of this studz two patients 
who were found to Lave incurable carcimomas during 
thoracotomy were subjected to this procedure. This 
was done primarily to determine the response of the 
functioning human heart to puncture with our minute 
plunge electrodes. The electrode was introduced to a 
depth of 5 mm. in the lateral wall of -he heart and 
then removed. There was no bleeding from the punc- 
ture sites and it was noted that under direct vision 
the coronary arteries could be avoded without 
difficulty. Continuous, direct electrocardiograms 
revealed only occasional premature ventricular 
contractions. Postoperative observation failed to 
reveal any complications. 

Subjects, ‘There were twelve patierts in whom 
thoracotomy was performed for treatment of various 
conditions: carcinoma of the lung in four; rheumatic 
heart disease with mitral stenosis in three; carcinoma 
of the esophagus in one; cardiospasm associated with 
megaesophagus in one; pulmonary tuberculosis in 
one; cyanotic congenital heart disease in one and 
possible constrictive pericarditis in one There were 
six males and six females, ranging in age from twenty 
to sixty-two years. 

There was no clinical or laboratory evidence of 
heart disease in seven subjects. In tbe remaining 
five there was clinical evidence of organic heart disease 
(three of mitral stenosis, one case of >ossible con- 
strictive pericarditis and one case of corgenital heart 
disease), The patients with mitral stenosis and con- 
genital heart disease did not, however, exhibit any 


evidences of intrinsic myocardial disease. There were © 


no signs of rheumatic activity. 

Electrodes. ‘The electrodes used in thS study were 
similar to those described previously.?- They con- 
sisted of straight 2 inch long pieces of 0.020 gauge 
tempered silver wire sharpened at the recording tip. 
The insulating material chosen for ths study was 
G.E. glyptal which is a water/oil resisting rubber 
cement with very high viscosity. The electrode wire 
was introduced into tne cement and pulled out gently 
so as to secure a uniform, smooth coating on the wire. 
By virtue of its high viscosity, the insulating substance 
withdraws from the sharp tip leaving the very end 
bare and conductive. When dry, glypial possesses 
remarkable pliability, allowing the electrode to be 
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bent or manipulated without losing the continuity of 
its insulating coating. The other end of the electrode 
was connected to electrocardiographic lead cables by 
means of an insulated fine copper wire. The electrodes 
were sterilized in strong zephiran solution before use. 

Each electrode was scrupulously tested before and 
after use for evidence of “leak” or defective insulation. 
The recording tip was chlorided prior to use. The 
electrodes were marked at 2 to 5 mm. intervals so that 
the distance between the recording tip and the 
epicardial surface could be determined with ease. 
Soft cotton-tipped electrodes were used for recording 
of the surface potentials. 

Recordiag Apparatus. Two sets of recording ap- 
paratus were used: the direct-writing Sanborn Viso 
Cardiette for continuous observation of cardiac rate 
and rhythm and the Sanborn 'Twin-Beam electro- 
cardiogréph which is a photographic apparatus with a 
very high frequency response and capable of operation 
at paper speeds of 25 mm./sec. and 75 mm./sec. By 
virtue of its high frequency response and high paper 
speed, it enabled us to analyse the deflections with 
considerable precision. 

The standard limb lead n was recorded on the 
upper channel of the 'Twin-Beam and used as time 
reference. The direct intramural lead was recorded 
in both zhe direct writing Viso Cardiette and the 
lower channel of the Twin-Beam. The indifferent 
electrode was connected to Wilson's central terminal 
forming a unipolar lead. Intramural tracings were 
recorded at an attenuation of 20X so that an input 
potential of 20 m.v. caused a 10 mm. deflection. 

The procedure was performed in the operating 
room with patients anesthetized for surgical treat- 
ment of their basic diseases. It consisted of introducing 
the electrode into the myocardium and recording 
potentials at various depths of the myocardial sub- 
stance as well as from the ventricular cavity and sur- 
face. The area of the left ventricle most commonly 
used for exploration was the free lateral wall mid-way 
between the apex and the base. It was found that the 
electrode entering the cavity from this area would 
avold bota papillary muscles. 

In only one case was the chest opened on the right, 
for removal of carcinoma of the right lung. In this 
case intramural electrocardiography was carried out 
in the infundibular area of the right ventricle. In 
the remaining eleven cases the procedure was per- 
formed on the left ventricle. 

Án attempt was made to enter the cavity of the 
ventricle first and then, by withdrawing the electrode 
slowly, record from various levels of the myocardium. 
This was done primarily to secure orientation con- 
cerning tke location of the electrode tip. Generally, 
the cavity tracing could be recognized rather easily 
as the depolarization complex obtained therefrom ex- 
hibited a pure, symmetric QS followed by an iso- 
electric S-T segment. Furthermore, in the process of 
advancing the clectrode into the myocardial sub- 
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stance and toward the cavity it was possible to 
determine the exact moment when the electrode tip 
was against the endocardium by the perception of an 
elastic resistance. For analogy and simplicity, the 
consistency of the myocardium can be likened to that 
of Swiss cheese and the consistency of the endocardium 
to that of cellophane wrapping paper around it. 
After exerting additional pressure for traversing the 
endocardium a sensation of "give" could be per- 
ceived as the tip entered the ventricular cavity. 

It is pertinent to mention at this point that the 
thickness of the ventricular wall of a heart is con- 
siderably greater during life than it is after death. 
The explanation for this is not quite clear; however, 
it appears that the amount of blood contained within 
the myocardium and the tone peculiar to living muscle 
cells account, at least in part, for this finding. It is not 
surprising, therefore, that in our studies the normal 
human left ventricular wall was found to be 25 to 
30 mm. thick instead of 10 to 15 mm. found in normal 
hearts after death. 

The records were analysed for the following: (1) 
configuration of the QRS-T from the cavity, 
intramural layers and epicardial surface; (2) char- 
acteristics of the injury current incident upon intro- 
duction of the electrode into the myocardium; (3) 
time of arrival of the activation wave at various levels 
of the myocardial thickness and, secondarily, speed of 
transmission of the depolarization wave through the 
ventricular wall. The time reference used for this 
purpose was the beginning of the QRS deflection in 
the simultaneously recorded lead i. 

The procedure in general was not difficult; how- 
ever, it was more complicated than comparable 
procedures in the dog due to the following facts: first, 
the greater vigor and amplitude of cardiac contrac- 
tions in human beings made manipulation and hold- 
ing in place of the electrode somewhat tedious; second, 
the 60 cycle alternating current was a persistent 
annoyance in the operating room: it was difficult to 
eradicate in spite of the availability of competent 
professional assistance; third, the electrode-induced 
injury current was more persistent in man than in 
dogs. Although the injury current did decrease 
in amplitude when the electrode was allowed to 
remain in place for several minutes, this was not 
always feasible in surgical patients as it would pro- 
long the operation. 


LEFT VENTRICLE (ELEVEN CASES) 


Configuration of the Depolarization and Repolariza- 
tion Complexes. Depolarization complexes: The de- 
polarization complexes were identical in nine 
cases, and were considered to represent normal 
pattern of depolarization. In the remaining 
two cases (both of mitral stenosis) certain 
departures from normal were encountered which 
will be pointed out. 
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Fic. 1. A tvpical left ventricular cavity complex with 
pure QS, isoelectric S-T segment and positive T wave. 


The normal cavity depolarization complex 
consisted of smoothly contoured, pure QS 
waves with symmetrically ordered descending 
and ascending limbs. (Fig. 1.) In the two cases 
of mitral stenosis a notch was present in the 
descending limb of the QS. 

The irtramural depolarization complexes 
differed materially in the subendocardial and 
subepicardial myocardium consisting in the 
former of pure QS deflections with no evidence 
of R wave, and in the latter of rS or qrS. For all 
practical purposes the myocardial wall seemed 
to be made up of two zones distinguishable one 
from the other in the matter of generating R 
potentials. The first zone, the subendocardial 
myocardium, was virtually *'silent," that is, it 
did not produce R potentials. Subendocardial 
QS waves were distinguishable from cavity QS 
waves by the presence in the former, of small 
S-T segment elevation ranging in amplitude 
from 1 to 5 mm. This minimal injury current 
could be eliminated by allowing the electrode 
to remair. in place for a short time. The second 
zone, the subepicardial myocardium, was 
wholy or almost wholly responsible for the 
genesis of R potentials. The first evidence of R 
wave usually began at a level almost equidistant 
from endocardium and epicardium and gradu- 
ally increased in size as the electrode was moved 
out towards the epicardial surface. (Fig. 2.) 
The R/S ratio increased progressively in this 
zone. On the epicardial surface the depolariza- 
tion complex consisted of qRs or Rs. 

In the two cases of mitral stenosis the notch 
observed on the descending limb of the cavity 
QS waves persisted throughout the myocardial 
thickness. 

Repolarization complexes: Cavity and intra- 
mural T' waves were positive in all cases. Sur- 
face T waves, on the other hand, were positive 
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the inner half of the myocardial thickness are identical in every respect. T'he depolarization complexes obtained from 
the inner 15 mm. of the myocardial thickness consist of pure QS waves. At 12 mm. there isa small R wave and an S 
wave which is smaller than the S wave of the deeper layers. On the surface the complex shows no S wave. The S-T 
segment is isoelectric in all records taken from the cavity to a distance of 18 mm. from the epicardial surface. S-T 
segment elevation makes its appearance at 15 mm. below the surface and progressively increases in size as the elec- 
trode is moved toward the epicardial surface. 


in ten cases (Fig. 3) and flat to slightly inverted 
in one case. The amplitude of tke T waves 
obtained from cavity, intramural layers and 
epicardial surface was equal in nine cases. This is 
considered to be the normal pattera for the T 
waves. In the remaining two cases, however, 
there was a gradual change in the amplitude: 
increase in endoepicardial direction in one and 
increase in epiendocardial direction in the other. 
(Fig. 4.) 

S-T Segment and the Electrode-induced Injury 
Current. S-T segments were invariably iso- 
electric in leads recorded from the cavity. 
There was slight S-T segment elevation in leads 
recorded from the inner myocardia_ layers. As 
shown in Table 1, the electrode-induced injury 
current of the subendocardial layers ranged in 
amplitude from 1 to 5 mm. with a mean value 
of 2.75 mm. and standard deviation of +0.46. 
Under no circumstances was a monophasic 


curve or even a high injury current obtained 
from this portion of the myocardium. 

The electrode-induced injury current in the 
superficial myocardial layers was generally 
high, ranging in amplitude from 15 to 30 mm. 
with a mean value of 22.66 mm. and standard 
deviation of +2.19. (Table 1 and Fig. 5.) Mono- 
phasic curves were commonly observed in 
tracings taken from the outer myocardial layers. 
The injury current in this portion of the myo- 
cardium, unlike that of the deep layers, persisted 
for periocs exceeding ten minutes. (Fig. 6.) QRS 
and T deflections were readily distorted by high 
injury currents. Consequently, complexes re- 
corded from the superficial myocardial layers 
which retained their injury current did not 
always yield to accurate interpretation. 

Epicardial surface complexes were obtained 
by the use of cotton-tipped soft electrodes, hence 
no S-T segment elevation was observed. How- 
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Fic. 3. Intramural and surface T waves obtained from a 
normal left ventricle. Note that all T waves are identi- 
cal in direction and amplitude. 


ever, after the normal complex had been ob- 
tained, pressure was applied to the epicardial 
surface simply by pressing the electrode against 
the myocardium. This was done in order to 
determine the amplitude of the artificially 


TABLE I 
HIGHEST INJURY CURRENT IN TRACINGS (MM.) FROM 
SUBENDOCARDIUM AND SUBEPICARDIUM 


Patient Subendocardium | Subepicardium 
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2.75 + 0.46 22.0 3532.19 
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produced injury current at the epicardium. It 
was found that pressure over tlie epicardial 
surface always gave rise to an extremely high 
injury current and a monophasic curve. (Fig. 7.) 
The amplitude of this type of injury current was 
far greater than any injury current registered 
from the intramural layers. Such injury current 
caused profound distortions in the configuration 
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normal left ventricle; note the gradual increase in 
amplitude from cavity to epicardium. B, left ventricle 
in a case of mitral stenosis; note the gradual decrease in 
amplitude from cavity to epicardium. 


of QRS and T wave. The most striking altera- 
tion in QRS was a significant, sometimes sixfold 
increase in the amplitude of the R wave. T waves 
were usuzlly incorporated into the monophasic 
curve. 

Time oj Arrival of Impulse at Successive Myo- 
cardial Levels and Speed of Impulse Transmission. 
Since the introduction by Lewis?? of the terms 
“intrinsic deflection" and “‘extrinsic deflection," 
it has been customary to use the former for time 
measurements. Activation of the muscle fibers 
situated immediately under a direct unipolar 
electrode is said by various authors to be repre- 
sented by the onset, termination or the most 
rapidly :nscribed segment of the intrinsic 
deflection.?*:3* For reasons stated elsewhere?’ and 
not germane to this discussion we have chosen 
the most rapidly inscribed portion as repre- 
sentative of activation of the myocardial fibers 
directly in contact with the tip of the plunge 
electrode and will refer to it hereafter as the 
"sharp sezment." Furthermore, it did not make 
any significant difference whether the onset, 
termination or the sharp segment was used. 

The time of appearance of the sharp segment 
of the intrinsic deflection as calculated against a 
constant time reference (e.g., onset of ORS in 
simultaneously recorded lead m) varies depend- 
ing on how early in the process of depolarization 
the point of electrode contact is activated. The 
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Fic. 5. Injury amplitude at various levels of human heart. Records obtained from all myo- 
cardial levels demonstrating absence of injury current in the inner layers between depths 
of 30 mm. and 15 mm. First evidence of injury current at 12 mm. It gradually increases 
to become of enormous magnitude at the epicardial surface. Note the concomitant altera- 


tions of the QRS complex in surface lead. 
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Fic. 6. Very high S-T segment immediately after introduction of electrode. Injury 
current decreases in amplitude when the electrode is allowed to remain in place 


for ten minutes. 


sequence in which various points or layers of the 
myocardium are activated therefore can be 
determined by comparison of the appearance 
times of their intrinsic deflections. By employing 
this technic the time of arrival of impulse, that is, 
the time of activation of the various myocardial 
layers, was determined. Once the time of arrival 
of impulse at any two intramural levels with 
known depths was calculated, the speed of 
impulse transmission through that portion of 
the myocardium interposed between the two 


: levels could be determined with ease. 


As pointed out earlier in this communication, 
the subendocardial tracings of normal hearts 
yielded pure QS waves without very sharp 
intrinsic deflections. However, the QS waves 


obtained from the entirety of the subendocardial 
myocardium exhibited a constant time relation- 
ship to the onset of QRS in lead n. Lack of a 
detectable intrinsic deflection and also lack of a 
measurable time difference among QS com- 
plexes of the various subendocardial layers can 
be explained on the basis of two possibilities: 
either the speed of impulse through the sub- 
endocardial layers is too fast to be measured with 
the apparatus of the type used in this study, or 
depolarization of the myocardial fibers in these 
layers takes place simultaneously giving rise to 
electromotive forces that are oriented in multiple 
directions, hence cancelling each other out. It is 
suggested that both factors are operative; the 
high speed of activation causes the action 
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as recorded with a soft cotton-tipped electrode. The 
complex on the right illustrates potentials from the 
same point on surface after electrode is pressed against 
the myocardium. Note marked injury current; increase 
in R amplitude. 
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DEPTH 


MI50 27150 3/150 4/150 5/150 67150 

TIME OF ARRIVAL — SECONDS 
Fic. 8. Numbers on the ordinate represent depth of the 
myocardial levels in millimeters from which records 
were obtained in five cases. The numbers on the ab- 
scissa represent time intervals in seconds between the 
beginning of QRS in lead u and the intrinsic deflection 
in intramural and surface records. The intrinsic de- 
flection of all myocardial layers between depths of 30 
and 10 mm. appeared practically simultaneously, in- 
dicating a very rapid transmission of impulse through 
the inner layers. The impulse was relatively slow in the 
outer layers requiring 24 5o to 9 59 of a second to travel 
through the outer 10 mm. of the myocardium. These 
values may not be applicable in all instances due to the 
small number of cases studied. 


potentials to be generated almost simultaneously 
and in multiple directions. The explanation may 
lie in the fact that, as has been suggested, the 
Purkinje system penetrates deeply into the 
subendocardium and conveys branches to 
muscle fibers present in this zone of the myo- 
cardium, hence instantaneous activation of all 
the muscle cells in contact with rapidly trans- 
mitting Purkinje fibers. 

In the outer myocardial layers, on the other 
hand, the speed of impulse transmission ranged 
from 450 to 1,000 mm./sec. (Figs. 8 and 9.) 
Admittedly, measurements were extremely dif- 
ficult in records taken from this portion of the 
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myocardium due to the presence of injury cur- 
rent and obliteration by the injury current of the 
intrinsic deflections. However, the complexes 
obtained from the inner portion of the sub- 
epicardium, on the one hand, and those 
registered from the epicardial surface, on the 


459-1000 mm/sec. z 


MILLIMETERS 





SPEED OF TRANSMISSION OF IMPULSE IF 
CLASSIC THEORY WERE UTILIZED 


DEPTH 
m 
e 
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/ — | SPEED OF TRANSMISSION OF IMPULSE FROM 
30 ENDOCARDIUM TO EPICARDIUM IN THE 
l PRESENT STUDY 





WISO 2/150 3/150 4/150 5/150 6/150 


TIME OF ARRIVAL 
Fic. 9. Same cases as in Figure 8. The speed of impulse 
transmissian through myocardial wall is calculated on 
the basis o^ time of arrvial of impulse to various myo- 
cardial levels. Note that while the speed in the inner 
layers is to» fast to measure, it is of the order of 450 to 
1,000 mm. per second in the outer 10 mm. 


other, displayed distinct intrinsic deflections 
and were suitable for the purpose of speed 
calculations. 


RIGHT VENTRICLE (ONE CASE) 


A satisactory intramural exploration could 
not be made in this case due to unfavorable 
exposure. The cavity tracing exhibited rS type 
of depolerization complex associated with a 
negative T wave. The only two intramural 
records obtained showed predominantly nega- 
tive QRS complexes with marked S-T segment 
elevation which obscured the T waves. 


COMMENTS 


Compar.son Between the Classic Theories and 
Findings in the Present Study. The prevailing 
concepts of electrocardiography are based on the 
assumption that the depolarization process be- 
gins in the endocardium and advances at a 
steady rate towards the epicardium. All layers 
of the myocardium are supposed to be equi- 
potent ir producing depolarization potentials, 
hence a s:eady increase in the size of the R wave 
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from endocardium to epicardium. (Fig. 10.) 
The direction of injury current according to 
available experimental and clinical data (Ref. 
36 to 41 and others) is said to depend on the 
location of the injury within the myocardial wall. 
Thus subendocardial injury is supposed to cause 


CLASSIC ACTUAL 
T HEORY FIF DINGS 


VEN 


| B a 
Fic. 10. Schematic representation of intramural and 
surface QRS complexes according to clasic theory (left) 
and after our findings (right). Note that in contrast to 
classic theory, no R wave of any size wes found in the 


inner layers. R wave begins at a considerable distance 
from the endocardium. 


S-T segment elevation in leads recorded from the 
cavity and S-I segment depression in leads 
taken from the overlying epicardial surface; 
subepicardial injury is said to do the opposite, 
that is, produce S-T segment elevation on the 
surface and depression in the cavity. Further- 
more, it is usually granted that all layers of the 
myocardium are equally capable cf generating 
injury potentials. 

The repolarization potentials are supposed to 
be equal in magnicude and directed opposite the 
depolarization potentials in any given myo- 
cardial cell or muscle strip. It has Eeen inferred 
therefore that the T vector in a given segment in 
the myocardial wall is directed opposite the 
depolarization vector and that al! layers are 
equally potent in generaüng repolarization 
forces. The data obtained in the present study 
are at variance in several respecte with these 
classic theories. 

1. The inner layers of the myocardium do not ap- 
pear to participate significantly in the genesis of the 
depolarization forces. The subendozardial QS 
waves obtained in these experiments resembled 
cavity QS waves. The R wave was found to 
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develop almost exclusively in the outer myo- 
cardial layers. In other words, the subendo- 
cardium was found to be “silent”? insofar as the 
genesis of the R wave is concerned. 

The notch observed on the descending limb 
of the subendocardial tracings in the two cases of 
mitral stenosis is not to be considered as repre- 
senting subendocardial depolarization since it 
was present in the cavity tracings as well. More- 
over, the time of occurrence of this notch was 
late, near the nadir of the QS. If it represented 
activation of the subendocardial myocardium 
it would have occurred early, indeed as the first 
comporent of the depolarization complexes 
registered from the subendocardial layers. It 
may be well to point out further that the ampli- 
tude of this notch did not exceed 1 m.v. in direct 
leads, hence was too small to be registered in the 
clinica] electrocardiogram. 

The speed of transmission of impulse through 
various myocardial layers was not uniform. 
Measurements made with the use of lead 1 as 
time reference showed the speed of impulse 
transmission in the subendocardial myocardium 
to be extremely rapid while in the outer myo- 
cardial layers it measured between 450 and 
1,000 mm. per second. 

2. The reversed flow of current between the inner 
and outer layers described by Durrer and his associates* 
was not encountered in our studtes. 

3. The contribution to the genesis of injury poten- 
Hals made by the subendocardial myocardium was 
found to oe small. The amplitude of the electrode- 
induced injury current in the subendocardial 
myocardium was negligible in comparison with 
similar injury current registered from the super- 
ficial myocardium. A monophasic curve was 
never obtained from the inner layers whereas it 
was à common occurrence in the outer layers. As 
illustrated in Table 1, the mean value for amph- 
tude of the injury current in the subendocardial 
myocarcium was 2.75 mm. compared to the 
corresponding value of 22.66 mm. in the outer 
myocarcium. Admittedly, the injury current in 
these experiments was that which was produced 
upon introduction of the plunge electrode into 
the myocardial substance, hence possibly differ- 
ent from injury current present in human 
myocardial infarction. However, there is reason 
to believe that the injury current present in 
spontaneously occurring myocardial infarction 
follows a similar pattern: on the one hand, injury 
current in experimentally produced myocardial 
infarction in dogs is generated in the same man- 
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ner as the electrode-induced injury current in 
this animal*? and, on the other, there is a striking 
similarity between the electrophysiologic be- 
havior of the human and dog's heart. 

In most of the studies of intracavity electro- 
cardiography in which a catheter electrode was 
used (Ref. 11, 18, 19 and others) a marked S-T 
segment elevation was registered when the 
catheter exerted pressure against the heart. 
This finding may be interpreted by some as 
evidence that the injury potential is produced 
in the subendocardial myocardium. We would 
like to point out, however, that a likely explana- 
tion for this discrepancy is that the catheter 
exerts pressure with each systole against the 
papillary muscles which have been shown to be 
capable of producing marked injury potentials. 
It is also possible that by jarring continuously 
against the myocardium the catheter electrode 
causes significant damage to the myocardium. 
These factors do not exist when the plunge 
electrode is used since, first, the papillary muscles 
can be avoided by proper selection of the site of 
exploration and, second, the electrode which is 
placed in the myocardial wall moves with it 
rather than against it; hence no jarring. 

4. T waves were identical in the cavity, throughout 
the myocardial thickness and on the ventricular surface 
in the majority of our cases. In nine cases there was 
no gradient of potential across the myocardial 
wall insofar as the repolarization process was 
concerned. In one case of normal heart T waves 
showed a tendency to increase in amplitude in 
the endoepicardial direction. In one case of 
mitral stenosis the reverse phenomenon was 
found. We are cognizant of the fact that surface 
T waves may and often will change direction and 
amplitude upon exposure of the epicardial sur- 
face to room air, hence surface T waves obtained 
in the present study may not have been the true 
representation of the repolarization process as 
registered at the epicardial level; bowever, 
we have reason to believe, on the basis of our ani- 
mal experimentations,** that exposure of the 
epicardial surface does not alter subendocardial 
and intramural T waves. ‘The fact remains there- 
fore that human cavity and intramural T waves 
are equal in magnitude in the majority of cases, 
a finding which is at variance with the classic 
concepts of electrocardiography. In most of the 
studies in which the left ventricular cavity was 
explored with the use of an intracardiac catheter 
electrode in human subjects! ?! the T waves 
were found to be negative; however, in none of 
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these cases was the epicardium explored by the 
direct method, hence no information was ob- 
tained concerning the direction of the T wave on 
the corresponding epicardial surface. While it is 
not impossible that the T waves in these cases 
were also negative at the epicardial surface, we 
do not bel:eve that our data concerning T waves 
in this study are sufficiently conclusive to permit 
us to engage in the discussion of these dis- 
crepancies. Moreover, the general anesthesia 
used in subjects of the present study may have 
conceivably altered the vulnerable process of 
repolarization, another factor which may limit 
the value of our findings in respect to the T 
waves. According to classic theories, one would 
expect to find T waves of opposite directions in 
the cavity and on the epicardial surface and 
transition forms within the wall. In our studies, 
however, a biphasic T wave was never en- 
countered in intramural leads. Furthermore, in 
experimentally produced myocardial infarction 
in dogs no significant abnormality was found in 
the intramural T' waves recorded from the deep 
ischemic zone; T wave inversion appeared 
to be acccunted for by repolarization changes of 
the outermost myocardial layers. By reason of 
the analogy found between experimentally 
produced infarction in dogs and spontaneously 
occurring infarction in humans, it is conceivable 
that the T wave inversion in human patients 
also represents repolarization aberrations of the 
outer myocardium and that ischemia of the 
deep myccardial layers may not alter T waves 
appreciakly. 

If our views concerning the similarity between 
experimentally produced infarction in dogs and 
spontaneously occurring human myocardial 
infarctions are valid, then our findings in the 
study of the former?*:1375$ will be applicable to 
the latter. Accordingly, old infarction limited to 
the subendocardial region will not be expected to 
alter the QRS complex. QRS changes will 
occur only when the superficial myocardium is 
involved. The presence of abnormal Q waves 
will indicate a lesion of the superficial myo- 
cardium. The presence of abnormal QS waves 
will represent through-and-through infarction 
with complete transmural death of the involved 
portion of the myocardium (“coronary QS 
waves") or transmural lesion interspersed with 
islands of living tissue (‘mural type QS waves"). 
Subendocardial injury will not cause significant 
S-I segrnent displacement in the epicardial 
leads as the injury potentials generated in this 
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portion of the myocardium are toc small to be 
registered. Subepicardial injury, cn the other 
hand, will always be associated with marked 
S-T segment elevation on the corresponding sur- 
face. No T wave changes will be encountered 
in subendocardial ischemia since iscaemia of this 
zone is not accompanied by significant re- 
polarization aberrations. T wave changes will be 
accounted for by ischemic changes »f the super- 
ficial myocardium. 

An interesting finding in dogs which may have 
a counterpart in human beings is the type of 
S-T segment depression recorded at the epi- 
cardial surface and apparently generated in the 
superficial myocardium.** This type of S-T 
segment depression, which may be termed 
“primary epicardial,” is distinguishable from 
the so-called reciprocal S-T segmert depression 
by the fact that it is not due to &-T segment 
elevation on the opposite wall. It i: an isolated 
finding which usually occurs at or near the 
margin of subacute or old infarcts. Lt is unlikely 
that this type of S-T segment cepression is 
reciprocal to subendocardial injury as the latter 
has been shown not to generate sufficient injury 
potentials. Moreover, plunge electrodes placed 
in the subendocardium subjacent tc the area of 
“primary epicardial’ S-T depression failed to 
show the presence of S-T elevation in the sub- 
endocardium. The mode of genesis of this S-T 
depression is not known; however, its oc- 
currence commonly near a subacu-e infarction 
speaks in favor of its being due to m-nor circula- 
tory changes giving rise to biocheraical altera- 
tions in the subepicardial myocardium. 

This type of “primary epicardial’’ S-T depres- 
sion, if substantiated in human subjects by more 
direct studies in the future, may exp.ain the S-T 
depression found in angina pectoris and coronary 
insufficiency. Indeed, our findings concerning 
the relative silence of the subendccardium in 
generating injury potentials make >ne wonder 
how S-T segment depression of angina pectoris 
and coronary insufficiency could be accounted 
for by potentials generated in the mjured sub- 
endocardium. It is suggested tentatively that S-T 
depression of angina pectoris and coronary 
insufficiency is most likely accourted for by 
injury potentials zenerated in the superficial 
myocardium as a result of ischemia or other 
changes. | 

Discrepancies Between Clinical and =lectrocardio- 
graphic Findings. Ifall layers of the myocardium 
contributed equally to the genesis of electro- 


cardiographic deflections then injury or necrosis 
of any layer, whether subendocardial or sub- 
epicardial, would alter the electrocardiogram; 
the degree of electrocardiographic alteration 
would cepend on the thickness of the involved 
layer. However, certain experimental and 
clinical observations are incompatible with 
this concept of “electrical equipotence" of 
electrocardiography. Thus, Boyd and Scherf*® in 
1940 ncted that traumatic injury to the sub- 
endocardial myocardium produced few electro- 
cardiographic changes while surface lesions 
altered the tracing profoundly. Kisch$95! and 
Kisch, Nahum and Hoff*? observed that with the 
use of KCl as the injurious agent, subendocardial 
injury produced very little S-T segment changes 
while application of quantities of KCl incom- 
parably smaller than those injected into the 
subendozardium gave rise to marked S-T 
changes. Pruitt, Barnes and Essex"? experienced 
difficulty in producing electrocardiographic 
changes by injuring the subendocardial myo- 
cardium. Thus there was prior evidence that the 
subendozardial myocardium did not produce as 
much injury potentials as did the subepicardial 
myocardium. To our knowledge, comparable 
information concerning the relative contribution 
of these layers to the genesis of depolarization 
potentials was lacking before the advent of 
intramural exploration. The human myocar- 
dium in its intramural layers had not been 
approached; the theories concerning the spread 
of activation through the human myocardium 
were largely inferential. 

Clinically, however, Levine and Ford in 
195054 reported six cases of subendocardial 
infarction, with autopsy confirmation, in which 
the electrocardiogram had shown no QRS 
changes. We have encountered at postmortem 
examination two cases of healed subendocardial 
infarction in which an electrocardiogram taken 
prior to death had failed to show QRS changes. 
QRS changes are rare in inflammatory proc- 
esses involving the subendocardial myocardium, 
such as occur in some infectious endocarditides . 
and in the condition known as cardiovascular 
collagenosis with parietal endocardial throm- 
bosis,9$ in the latter disorder necrosis extends 
into the myocardial substance without giving 
rise to QRS changes. Similar discrepancies are 
encountered in chronic processes involving the 
subendocardial myocardium, such as endo- 
cardial -ibroelastosis and old subendocardial 
infarction. In endocardial fibroelastosis, fibrosis 
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encroaches upon a significant portion of the 
subendocardial myocardium, causing intractable 
congestive heart failure and death, yet in most 
of the reported cases the QRS complexes re- 
mained unchanged. 58.57 

In contrast to failure of the electrocardiogram 
to reveal subendocardial damage, changes in- 
volving the subepicardial myocardium are 
almost always associated with significant altera- 
tions in all components of the electrocardiogram. 
Ácute pericarditis gives rise to marked S-T 
segment and T wave changes; chronic constric- 
tive pericarditis encroaching upon the superficial 


myocardial fibers reduces the amplitude of the R © 


wave.9979? Levine and McLemore,®™ in an 
analysis of twenty-six cases of surgically proved 
chronic constrictive pericarditis, found marked 
QRS changes “quite diagnostic (four cases) 
or compatible with or suggestive (eight cases) 
of old myocardial infarction." We believe, on 
the basis of our experimental work in animals 
and human subjects, that the explanation for the 
marked QRS changes seen in some cases of 
chronic constrictive pericarditis is the extension 
of fibrous tissue into the outer myocardial shell 
which 3s normally responsible for the genesis of 
R potentials. If one compares endocardial 
fibroelastosis with constrictive pericarditis, both 
of which invade the adjacent myocardium, one 
is struck by the fact that the former produces 
little or no electrocardiographic changes whereas 
the latter is always accompanied by significant 
electrocardiographic alterations. These observa- 
tions can be explained by the findings in the 
present study in which normal superficial 
myocardium was found to be predominantly 
responsible for the genesis of electrocardio- 
graphic deflections in general, and the R wave in 
particular, while the subendocardial myo- 
cardium was virtually *silent? from the stand- 
point of generating electrocardiographic forces. 
General Clinical Applications. Itis to be pointed 
out at the outset that the investigations on which 
this presentation is based were direct studies 
performed on the heart, as were the studies of the 
normal electrocardiogram and those after 
experimental production of myocardial infarc- 
tion in dogs. No attempt was made to correlate 
the deflections so obtained with those recorded 
from the body surface in the same subjects. The 
studies were intended merely to examine, 
by the most direct method heretofore employed, 
the genesis of electrocardiographic deflections. 
The complexes obtained at the body surface 


DECEMBER, 1955 


043 


represent, according to Wilson, ?* “the potential 
difference over the epicardial surface that would 
exist if the heart were to be completely exposed 
and surrounded by air.” Undoubtedly, how- 
ever, the intramural potentials contribute to 
those registered at the epicardial surface. Since 
the latter is the only part of the heart which is in 
direct contact with the surrounding tissues, it is 
not illogical to state that the deflections reg- 
istered on the body surface are determined 
exclusively by the potential differences present 
at the epicardial surface. 

To what extent the epicardial surface po- 
tentials are transmitted to the body surface 
and what the relationship between epicardial 
surface and body surface potentials is remains 
far from clear. However, as Wilson?? stated, 
“the potential variation of a given part of the 
precordium in this animal (dog) are similar 
in every respect to those of the underlying 
portion of the anterior ventricular surface" 
and “one may justifiably conclude from the 
results of such experiments that within certain 
limits the principles that apply to the inter- 
pretatior of the ventricular complexes of 
unipolar direct leads also apply to the inter- 
pretation of the ventricular complexes of the 
unipolar precordial leads." Therefore our find- 
ings corcerning the silence of the subendo- 
cardial myocardium and predominance of 
subepicardial myocardium are within certain 
limits directly applicable to clinical, particularly 
precordial electrocardiograms. 

This is true apparently because of the relative 
proximity of the precordial chest wall to the 
heart and especially to its anterior wall, on the 
one hand, and more favorable conduction 
through the chest wall than through the lung 
tissue, on the other. The precordial leads, V; to 
V4, are so close to the anterior surface of the 
ventricles as to be considered specific for lesions 
involvinz this part of the heart. Lesions involv- 
ing the posterior aspect of the heart affect these 
leads to a much lesser degree since the distance 
between electrode positions V; , and posterior 
epicardial surface is several times greater than 
the distance between the positions V; to V, and 
the anterior epicardial surface. According to 
Poisson's Integral, the “potential of a given 
dipole zs determined at a certain point within 
its electromotive field wil vary in inverse 
relationship to the second (or third) power 
of the cistance of this point from the center of 
the dipole."?* It follows that while close or 
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*semi-direct" leads such as Vj_4 are relatively 
specific for the subjacent myocardial wall, 
remote limb leads especially aVF reflect the 
totality of the heart because the distances 
separating these lead positions from. all parts of 
this organ are practically equal. Leads inter- 
mediate between semi-direct and limb leads, 
namely lateral chest, posterior chest and ab- 
dominal leads, may be regarded as transitional 
insofar as their specificity for the subjacent 
myocardium is concerned. Consequently, un- 
like the precordial leads to which our findings 
are probably directly applicable, the limb leads 
may or may not reflect the phenomena occur- 
ring in a limited area of the epicard:um. That is 
to say, while the presence of an abnormal 
electrocardiographic complex, for instance coro- 
nary QS wave representing a small infarct 
on the anterior myocardial wall, results in a 
similar finding in the precordial electrocardio- 
gram in a significant proportion (if not all) 
of the cases, a coronary QS wave from an 
infarct of the same size on the diephragmatic 
surface is less likely to cause QS waves in the left 
leg lead. Therefore, in applying the findings of 
this study and our previous direct studies on 
dog's heart to the clinical electrocardiogram it 
may be well to bear in mind that the findings 
are most directly applicable to the *semi-direct" 
leads; the applicability decreases as che distance 
between the lead position and the heart in- 
creases. To be sure, this rule holds true for 
all the studies perfcrmed directly on the heart, a 
fact that has long been recognized. 

Diagnosis of Subendocardial Infarcticn. On the 
basis of the facts and deductions outlined in the 
foregoing paragraphs we have set up and used 
certain criteria for the clinical diagnosis of 
acute and old subendocardial infarction. We 
have made this diagnosis in a group of patients 
in the past three years. Two patients of this 
group have died and postmortem examinations 
proved the diagncsis to be correct (the case 
histories will be the subject of a future report). 
It is for this reason that we feel justified in 
presenting our criteria as a working basis for the 
clinical diagnosis of subendocardial infarction. 

Acute subendocardial infarction: ‘This diagnosis 
may be made when such clinical symptoms of 
myocardial infarction as typical pain with 
evidence of tissue necrosis with or without 
congestive heart failure are associated with 
normal QRS complexes provided thet adequate 
exploration of the chest and abdomen is per- 
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formed. Admittedly, infarction Q waves may fail 
to show if a through-and-through infarction 


-involves only a small portion of the epicardial 


surface; however, it is believed that an infarction 
large enough to give rise to clinical and labora- 
tory evidences of tissue necrosis is more likely 
than not to cause abnormal Q waves. We have 
observed two patients with clinical symptoms of 
classic myocardial infarction in whom electro- 
cardiograms showed S-T and T changes with 
normal QRS complexes. The diagnosis of acute 
subendocardial infarction was substantiated 
by evidence of tissue necrosis, namely, sustained 
elevation of white count, sedimentation rate 
and transaminase blood levels.9?? S-T segment 
depressicn and T wave inversion, when present, 
lend support to this diagnosis. 

Not infrequently during the acute stage of 
subendocardial infarction the hemodynamic 
alterations propagate to the superficial myo- 
cardium and create a transient electrocardio- 
graphic picture indistinguishable from that of 
a through-and-through infarct, namely, infarc- 
tion Q waves and S-T segment elevation. Under 
such circumstances the correct diagnosis can 
be made only in retrospect during the recovery 
stage of infarction. In this period the infarction 
Q waves disappear and QRS complexes return 
to normel as the superficial myocardium over- 
lying the infarcted subendocardium regains its 
normal circulation. Here again one may argue 
that return of the normal QRS complexes may 
be due to *shrinkage" and reduction in size of 
the through-and-through infarct rather than 
the mechanism suggested. This argument is 
probably not valid inasmuch as the return of 
normal QRS complexes takes place long before 
fibrosis and “‘shrinkage’’? could be expected to 
have developed (within two to three days as 
seen in scme cases). 

Old: subendocardial infarction: ‘This type of in- 
farction Jer se has no characteristic electro- 
cardiographic representation, provided that 
conducticn of impulse has not been interfered 
with. A diagnosis can be made, however, in the 
light of previous observations and a diagnosis 
of subendocardial location of the infarct during 
its acute stage. In some instances an extensive 
old subendocardial infarction can interfere 
with myccardial functions severely enough to 
give rise to progressive, intractable congestive 
heart failure. Therefore, although the diagnosis 
of a subendocardial scar in an asymptomatic 
patient may not imply important consequences, 
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it is of significant value in patients suffering 
from congestive heart failure. It is suggested that 
the diagnosis of old subendocardial infarction be 
entertained in any patient suffering from pro- 
gressive congestive heart failure for which no 
obvious cause can be found and electrocardio- 


NORMAL 
NO ST VECTOR 


la 


placed at various points in many intramural 
layers in the entire zone of experimentally 
produced through-and-through infarcts in dogs, 
it was found that the pattern just mentioned in 
relation to relative magnitude of injury poten- 
tial was present over the entire area deprived 
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Fic. 11. Orientation of injury current vector. Diagrarrmatic cross section of the 
normal heart on left and heart with transmural injury on right. No S-T vector is 
present in normal heart. In the presence of transmu-zl injury, there are more 
injury potentials in the outer layers than in the innr layers, hence an injury 
potential gradient. If of sufficient magnitude, this vector affects the opposite 
surface in a negative sense and creates S-T segment depression. The numbers used 
are arbitrarily chosen to indicate the relative magnitude of injury potentials. T'he 
dotted area represents injury. 
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F16. 12. Orientation of T vector, constructed on the same basis as Figure 11. Nor- 
mal heart on left, heart with ischemic zone on right. IV cte that subendocardial T 
wave remains unchanged in spite of ischemia whereas surface T wave becomes 
deeply inverted, hence a T vector. Note also orientation of T' vector and its 
influence on leads taken from areas overlying the ischzmic zone and areas op- 





posite ischemia. The dotted area represents ischemia. 


grams show normal QRS complexes. This 
diagnosis is particularly apt to be correct if there 
is history of coronary pain suggestive of myo- 
cardial infarction. 

The Question of S-T Vector. As already 
indicated, the injury potentials resulting from a 
given agent (introduction of the plunge elec- 
trode, through-and-through infarct) are far 
greater in the outer myocardial layers than 
in the subendocardial myocardium. ‘There 
seems to be a gradual increase in the amplitude 
of S-T segment elevation from endocardium to 
epicardium. When plunge electrodes were 
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of its blood supply. In other words, it appeared 
as if the mvocardial wall in the injured zone was 
constructed of innumerable sheets of muscle 


superimposed one upon another, with a progres- 


sive increase in the amount of injury potentials 
containec in those sheets. It is conceivable that 
the same .s true in human myocardial infarction. 
Under suzaà circumstances there will be potential 
differences between the adjacent sheets of the 
myocardmumn, thus giving rise to a vector force 
directed towards the surface of greatest posi- 
tivity, thar is, the epicardial surface. (Fig. 11.) 
Leads taken from areas overlying such epicardial 
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surface yielded S-T segment elevation and 
leads taken from the opposite surface showed 
reciprocally depressed S-T segments. 

A similar statement may be made in relation 
to the T wave negativity. If the degree of T 
wave negativity in human myocardial infarc- 
tion increases progressively from endocardium 
to epicardium, as was found to be the case in 
some cases of experimentally produced through- 
and-through infarct in dogs, then by employing 
the same argument as that relating to the injury 
forces, it may be inferred that the vector ac- 
counting for negativity of the T waves on the 
area of infarct is produced by repolarization 
differences that exist between the adjacent 
myocardial layers within the ischemic zone. 
(Fig. 12.) Such a vector, directed away from 
the ischemic epicardium and toward the 
ischemic endocardium, accounts for the increase 
in positivity of the T waves recorded over the 
opposite wall. 


SUMMARY AND CONCLUSIONS 


Intramural electrocardiography was per- 
formed in twelve patients subjected to thora- 
cotomy for treatment of various intrathoracic 
abnormalities. The left ventricle was studied in 
eleven cases and the right ventricle in one. The 
procedure was found to be completely devoid 
of hazard. 

On the basis of our observations and analysis 
of our data, the following conclusions seem to be 
justified: 

1. Tracings obtained from the subendo- 
cardium exhibit pure QS waves; the positive 
component of the depolarization complex is 
generated wholly or almost wholly in the outer 
myocardial layers. The subendocardium there- 
fore appears to be electrocardiographically 
silent in respect to the genesis of positive 
depolarization potentials. 

2. The “electrocardiographic silence" of the 
subendocardium explains why QRS complexes 
are not altered in pure subendocardial infarc- 


tion and other conditions involving this portion 


of the myocardium. Pathologic conditions in- 
volving the epicardial portion of the myo- 
cardium, such as inflammatory pericardial 
effusion and constrictive pericarditis, lower the 
amplitude of the R wave. Endocardial fibro- 
elastosis encroaching upon the subendocardial 
myocardium and producing a situation com- 
parable to constrictive pericarditis (the differ- 
ence being in the location of the fibrous lining) 
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causes very little if any QRS changes. No 
clinical or prognostic inference can be drawn 
from the degree of R wave changes; rather 
prognosis must be based on the composite 
clinical picture. 

3. The speed of impulse transmission through 
the human myocardial wall is not constant. Itis - 
found to be very fast in the inner layers (the 
“silent zone") and of the order of 450 to 1,000 
mm./sec. in the outer layers. 

4. The subendocardium is also shown to be 
“sluggish” in generating injury potentials. 
While a given type of injury, for example injury 
produced by introduction of the plunge elec- 
trode, in the outer layers causes very marked 
S-T segment elevation, the same injury fails 
to produce any significant displacement of the 
S-T segment in the deeper layers. It follows 
from this and from the animal experiments done 
in this laboratory that profound injury to the 
subendocardial myocardium resulting from a 
variety of conditions, such as coronary insufh- 
ciency, myocardial infarction or certain types of 
acute endocarditis, does not give rise to signifi- 
cant quantities of injury potential, hence little or 
no S-T segment displacement. Injury to the 
outer myocardial layers, on the other hand, 
produces marked S-T segment elevation such as 
that seen in through-and-through myocardial 
infarction and acute pericarditis. 

5. It is suggested that S-T and T changes 
commonly found in subendocardial injury may 
be due to certain functional alterations that 
take place in the outer myocardial layers. The 
nature of these alterations has not yet been 
defined; however, it is possible that it is bio- 
chemical in nature, resulting from the hemo- 
dynamic changes ordinarily accompanying 
subendccardial injury. The S-T segment de- 
pression resulting from such biochemical changes 
is tentatively termed “‘primary epicardial S-T 
depression” to distinguish it from that type of 
S-I depression which is reciprocal to elevation 
on the cpposite wall. 

6. Under the conditions of these experiments 
T waves were positive in the cavity and intra- 
mural leads. Surface T waves were positive 
in the majority of cases and flat to inverted in 
occasional cases. There seemed to be no gradient 
of potentials between repolarization forces 
present in the cavity, intramural layers and the 
epicardial surface in the majority of instances. 

7. The presence of a normal or almost nor- 
mal electrocardiogram in the face of clinical 


AMERICAN JOURNAL OF MEDICINE 


Activation of the Human Ventricle—Massumi ei al. 


evidence of profound myocardial damage (acute 
-or old) speaks in favor of subendocardial loca- 
tion of the myocardial lesion. Marked electro- 
cardiographic changes, on the other hand, may or 
may, not bear a quantitative correlation to the 
degree of myocardial infarction inasmuch as 
pronounced electrocardiographic changes can 
represent only minor subepicardial damage. 

8. Caution must be exercised in inferring 
prognostic implications from the electrocardio- 
gram alone. Consideration of the clinical pic- 
ture remains of utmost importance. 

9. Certain working criteria for the diagnosis 
of acute and old subendocardial myocardial 
infarction are suggested. 
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N selected instances splitting of heart sounds 
as detected with the stethoscope may be 
useful in cardiac evaluation. Because of the 

several conditions which can closely simulate 
splitting of the valve sounds (S-1 and 58-2), this 
finding can also be confusing; how specific 
it is, as far as indicating disease and type of 
disease, is often not certain. Spectral phono- 
cardiography, for reasons to be described in 
detail, is a useful tool for the re-examination of 
this problem. 

Splitting of heart sounds results from separa- 
tion of individual components normally present. 
"Reduplication" (or *duplication") is an un- 
physiologic designation. There is obviously no 
echo phenomenon as is suggested by the term; 
the heart sound is not reproduced. 

Advantages of Spectral Phonocardiography in Study 
of Splitting. Elsewhere'~* the principles of the 
method for displaying and analysing of cardio- 
vascular sound by means of the Bell sound 
spectrograph have been described in detail. In 
brief, the method produces recordings in which 
time, frequency and intensity are each repre- 
sented in detail. Time is on the abscissa as in 
most physiologic tracings. The ordinate in these 
displays, unlike conventional oscillographic 
phonocardiograms, is frequency, not intensity. 
Intensity is represented by degree of blackness in 
any given portion of the recording. A frequency 
span to 750 cycles per second has usually sufficed. 

The electrocardiogram and the respiratory 
mark have been used for timing purposes in 
these studies. The importance of recording 
respiration in any study of splitting of heart 
sounds resides (1) in the necessity of differentiat- 
ing normal inspiratory splitting and (2) in the 
opportunity for identifying the basis of the split 
afforded by the effects of respiration upon 
splitting. 


The spreading of frequency results in at least 
three advantages of spectral phonocardiography, 
the first of which is of primary pertinence to 
this particular study: (1) Identification of the 
separate constituents of the heart sounds is 
facilitated when the frequency spectrum is 
spread out because the constituent parts of 
the sound tend to show separation at some fre- 
quency levels, if not at other or all levels. For 
example, merging of the components at the 
lower end o: the frequency scale tends to be the 
rule because of the high intensity of the vibra- 
tions in that range; on the other hand, higher in 
the frequency scale where intensities are less 
great the separate parts are more likely to be 
distinguisha»le. (2) Quality (timbre) is dis- 
played anc given physical definition. This 
property of the spectral phonocardiogram was 
used in a study of musical murmurs published 
elsewhere.‘ (3) The great dynamic range of 
cardiovascular sound—the intensity range from 
faintest to loudest sounds in the same patient and 
at the same auscultatory locus—is better en- 
compassed* with simultaneous display, for 
example, of a very loud murmur and a very faint 
one in more nearly their true proportions. 

Figure 1 A shows the demonstration of splitting 
of heart sounds by this method. Filter system C 
(with passbands of intermediate width) is the 
one used in most of these studies since it ap- 
pears to provide satisfactory simultaneous resolu- 
tion in bo:h time and frequency.! Even better 
time resolution (with some sacrifice of frequency 
detail) can be attained by using a filter system 
with wide- passband characteristics (filter E). 
In the recording with the wider filter system E 
the indivicual components of the second sound 
can be ideatified in every cycle. 

Splitting of heart sounds involving an interval 
of as little as 0.01 second between constituent 


* From the Department of Medicine, Johns Hopkins University Schoo! of Medicine and Johns Hopkins Hospital, 
Baltimore 5, Maryland. 
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Fic. 1. General considerations. A, pulmanary arca in fourteen year old patient with active rheumatic fever. Analyses 
with intermediate width of filter system (C) and with wide passband filter system (E). B, artefactual splitting of filter 
origin. Both the tricuspid closure sound (T) and the mitral closure sound (M) appear to be split. C, schematic 


representation of the normal constitution of the heart sounds (after Leatham). 


elements is demonstrable by spectral phono- 
cardiography. Elsewhere we have presented 
analyses of the sounds produced in situ by the 
Hufnagel ball valve placed in the aorta for the 
treatment of aortic regurgitation. Although there 
is only one ball in the artificial valve, it im- 
pinges on three corners in opening. Splitting 
of the opening sound may result from the ball 
first. striking one corner, then the others. 
Similarly in closing, although the ball becomes 
impacted on a circular seat, it may well strike 
one point of this circle, then complete the closure. 

Figure 1B presents a source of artefactual 
splitting in spectral phonocardiograms. If the 


amplification of the signal put through the filter 
system is excessive one gets two peaks from each 
sound. In essence the filter system is activated 
twice, when the signal first hits it and again 
during decay of the signal. The recording was 
made from the apex in a patient with mitral 
stenosis. True splitting of the first heart sound 
occurred due to delay of the mitral closure 
sound. Also both the tricuspid and the mitral 
closure sounds are split. That the latter splitting 
is artefactual is suggested by the exact duplica- 
tion of the harmonic pattern in each of the split 
components. 

The experience reported here is selected from 
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a total experience with about 700 cases of heart 
disease, mainly valvular or congenital. In 
addition about thirty normal subjects have been 
studied. 

Constituents of Normal Heart Sounds. Prior to a 
discussion of split heart sounds should be a 
consideration of the constitution of the normal 
sounds. (Fig. 1C.) The studies of Leatham,' 
using oscillograms recorded simultaneously from 
two or more areas, have done much to elucidate 
this subject. 

It appears that the normal second aortic 
sound is almost exclusively the result of aortic 
valve closure. On the other hand, the pulmonary 
second sound is contributed to by closure of both 
the pulmonary and the aortic valves. In most 
normal subjects inspiration results in a splitting 
of the pulmonary second sound. (Fig. 2A.) This 
is a result of delay in pulmonary valve closure as 
a consequence of increased right ventricular 
stroke volume, that is, it is a variety of **me- 
chanical splitting" (v. seq.) resulting from a 
discrepancy in the stroke volumes of the two 
ventricles. The double origin of P-2 has adequate 
anatomic basis in the proximity of the aortic 
and pulmonary valves, one behind the other, 
slightly to the left of the sternum. Knowledge 
of the double origin of **P-2" removes the con- 
fusion which otherwise is likely to be occasioned 
by such findings as *P-2 louder than A-2" in 
systemic arterial hypertension. 

The first sound in the tricuspid and mitral 
areas has contributions trom the closure of both 
sets of atrioventricular valves. Again, in most 
normal subjects slight splitting of the first sound, 
especially in the tricuspid area and especially 
in expiration, is demonstrable. When such split- 
ting occurs the mitral closure is usually the first 
of the two constituents. The second sound at the 
apex has its origin almost exclusively in closure 
of the aortic valve. As a generalization, aortic 
events are well transmitted to the apex, at any 
rate they are better transmitted than pulmonary 
events. 

Asynchronism in the ejection of the two 
ventricles has been demonstrated in the past in 
both animals? and man.’ Electrokymography is 
a technic recently applied to this problem. Com- 
paring the onset of the major ascending limb of 
the carotid pulse with the corresponding point on 
the pulmonary artery electrokymogram, Ellinger 
and associates, in sixty-eight normal young 
adults, found that ejection from the left ventricle 
began first in thirty-three subjects by .01 to .03 
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second, from the right ventricle first in twenty- 
one subjects by a similar interval, and from 
both ventricles synchronously in the remaining 
subjects. On the other hand, using a similar 
method Luisada and Fleischner!! found right 
ventricle ejection had precedence in all of eight 
normal subjects by .025 to .03 second. Such 
demonstrations of asynchronism of the onset of 
ejection cannot be translated directly to time of 
closure of the atrioventricular valves. Because 
of higher diastolic pressure in the aorta than 
in the pulmonary artery isometric contrac- 
tion (after closure of the atrioventricular 
valves) might be expected to be longer in the 
left ventricle than in the right. By such a 
mechanism it s possible that mitral closure might 
slightly precede tricuspid closure and still onset 
of ejection frem the left ventricle would occur 
later than that from the right. Some studies!” 
indeed suggest that isometric contraction is 
longer in the left ventricle. On a rational basis, 
precedence of tricuspid closure over mitral 
closure might be anticipated since the right 
atrium contracts before the left, and by the time 
the ventricles contract the tricuspid leaflets have 
had time to reach a slightly more closed position 
than the mitral. 

Conventional oscillographic phonocardiog- 
raphy has purported to show contributions to the 
heart sounds of several origins in addition to 
valve closure. It is best to consider the enumera- 
tion of these factors as a catalogue of possible 
sources of contributions. It is dificult to imagine 
that what is scarcely at the most more than two 
or three lines in an oscillogram can be picked out 
and indicated as arising in this or that physio- 
logic event. The evidence for significant con- 
tribution of some of these factors is not con- 
vincing. Some of the alleged components may, 
however, be exaggerated under pathologic 
conditions as, for example, the ejection vibra- 
tions in arterial hypertension and dilatation 
(“early systolic click") and the opening sound of 
the atrioveatricular valves in the presence of 
fibrosis of those structures (mitral and tricuspid 
"opening snap"). The contributions, possible 
and certain, to each sound can be listed in this 
manner: !? 


1. First heart sound 
A. “Atrial components": vibrations in the 
ventricle in response to atrial contraction 
B. Closure of the atrioventricular valves 
C. Vibrations of the contracting myocardium 
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D. Opening of the arterial valves 
E. Ejection vibrations 


i. Second heart sound 
A. Relaxation of the myocardium 
B. Closure of the arterial valves 
C. Water-hammer phenomenon in the ar- 
teries(?) 
D. Opening of the atrioventricular valves 


Factors Determining Audibility of Splitting in Heart 
Sounds. ‘The interval separating the individual 
components is clearly the most important factor 
determining audibility of splitting but it is by no 
means the only factor. It is generally stated that 
an interval of .05 to .06 second is the minimum 
detectable by ear. Experience indicates that, 
when other factors (to be discussed) are favor- 
able, splitting of lesser degrees (of the order of 
.03 second) can be detected. 

The experiments of Helmholtz and of Mayer 
and Stumpf! concerning the greatest number of 
beats per second that can be heard has relevance 
in this connection. With pure tones 41 beats per 
second (interval of about .024 second) are 
audible at 96 cycles, 58 at 256 cycles (.017 
second interval) and 107 at 575 cycles (.009 
second interval). For the complex frequency 
combinations involved in heart sounds, the 
performance of the ear is much less favorable. 

‘Training and experience are obviously impor- 
tant. When the first of the two split components 
is unusually accentuated and reverberating, 
fusion with the second component and reduction 
in audibility of the splitting results. (An example 
is the lesser audibility of normal inspiratory 
splitting of the second sound at the base when 
the aortic component is greatly accentuated in 
systemic arterial hypertension.) It is self- 
evident that splitting will less likely be detected 
when one of the components is of too low inten- 
sity or, what amounts to the same result, is of 
lower frequency composition than is easily 
appreciated by ear. Because of the physiologic 
properties of the ear, a very intense component 
will render the ear less capable of detecting a 
second component which would ordinarily be 
heard and which is separated from the first 
by an appropriate interval. When the second 
component is accentuated or when it initiates 
a murmur, splitting may be more evident. 

Splitting of Heart Sounds in Normal Subjects. 
Splitting of the second sound at the base with 
inspiration was known a century ago. The classi- 
cal studies of Potain!? published in 1862 are 
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particularly noteworthy. Such splitting is usually 
most striking in children. The normal effects 
of respiration on splitting provides a useful 
method for the bedside analysis of splitting in 
bundle branch block and in conditions simulat- 
ing split. The normal splitting with inspiration 
is a result of the discrepancy in stroke volume 
of the two ventricles. Inspiration increases 
venous return to the right side of the heart. 
This is a physiologic counterpart of the increase 
in right ventricular stroke volume with resultant 
splitting of S-2 which occurs as a rule with the 
left-to-right shunt of interatrial septal defect. 
(Fig. 2A.) 

Normal splitting of the second heart sound 
may be exaggerated in patients with a normal 
heart who have, however, increased inspiratory 
negativity of intrathoracic pressure as a result of 
respiratory disease. (Fig. 2B.) The presence 
of striking inspiratory splitting in later decades of 
life, without signs of heart disease, suggests 
respiratory disease such as inspiratory airway 
obstruction and pleural or parenchymal fibrosis. 
It is likely that in many types of heart disease a 
non-specific splitting of the heart sound with 
inspiration may result from reduced pulmonary 
compliance which in turn is secondary to 
pulmonary congestion or fibrosis. 


CLASSIFICATION OF PATHOLOGIC SPLITTING 
OF HEART SOUNDS AND OF CONDITIONS 
SIMULATING SPLIT HEART SOUNDS 


All true splitting of heart sounds results from 
asynchrony in closure of the valves on the 
opposite sides of the heart.* Instances of 
pathologic splitting fall into two main types 
which can be called after Leatham!* electrical 
and mechanical. In cases of the first type, 
ventricular asynchronism is the result of delay in 
the activation of one ventricle relative to the 
other. Bundle branch block is the classical 
example and idioventricular pacemaker, as in 
ventricular premature contractions and com- 
plete heart block, another. In the so-called 
mechanical group the ventricular asynchronism 


* Another mechanism for splitting of heart sounds, 
namely asynchronous closure of individual cusps of a 
single valve, as proposed by Skoda in 1853,!? is unlikely 
as a basis for a significant degree of splitting. No cor- 
roboration for this idea could be obtained by examining 
frame-by-frame available motion pictures of functioning 
heart valves made at a speed of 24 frames per second. 
However, the minute splitting of the opening and closing 
sounds of the Hufnagel valve suggests the occurrence of a 
similar phenomenon in the heart.? 
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results from a discrepancy in the stroke volumes 
of the two ventricles as a result of inspiration or 
shunt or from a discrepancy in the rate of 
ejection from the two ventricles, as in aortic 
and mitral regurgitation. A most striking exam- 
ple of splitting of heart sounds of the mechanical 
type is that seen in the case of the second sound in 
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1. Those confused for split S-1: 
A. Normal atrial sound 
B. Presystolic gallop 
C. Protosvstolic click 
1. Due to dilated pulmonary artery 
2. Due to disease of ascending aorta 
3. Due to pericardial adhesions 
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Fic. 3. Effect of respiration on the splitting of heart sounds 
in bundle branch block: (a) normal, (5) right bundle 
branch block and (c) left bundle branch block. 


atrial septal defect. Here the stroke volume of 
the right ventricle is increased and the pul- 
monary closure sound delayed. Seemingly, 
systole is prolonged in the right ventricle relative 
to that in the left because of the larger amount of 
blood with which it is presented. (This is an 
exaggerated form of the splitting of P-2 which 
occurs with inspiration in most normal sub- 
jects.) The marked inspiratory splitting of the 
second sound which may occur in patients with 
an increased negativity phase of intrapleural 
pressure is another example of ‘‘mechanical’’ 
splitting. 

Those adventitious sounds which may create 
a situation confused for splitting by the ear and, 
in some instances, by oscillographic phono- 
cardiography can be classified in this manner: 
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11. Those confused for split S-2: 
A. Telesvstolic click due to pericardial 
adhes ons 
Mitral opening snap 
. Normal third heart sound 
. Protodiastolic gallop 
Isodiastolic pericardial snap of con- 
strictive pericarditis. !?:?? 


rm p po 


Bundle Branch Block. Ventricular asynchro- 
nism and resul-ant splitting of both heart sounds 
is to be expected in bundle branch block. In 
practice, split&ng of the second sound occurs 
more common y than splitting of the first sound. 
Furthermore, splitting of impressive propor- 
tions is more common in right bundle branch 
block than in left. Normally the mitral and 
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aortic closures usually precede slightly the 
closure of the tricuspid and pulmonary valves. 
Left bundle branch block is less likely to produce 
splitting because delay in the closure of the 
mitral and tricuspid valves tends merely to 
cancel this normal asynchronism. Right bundle 
branch block, on the other hand, exaggerates 
normal asynchronism. It is difficult to under- 
stand why the first heart sound (Fig. 4C) is not 
more frequently and markedly split in cases of 
bundle branch block than it is, especially since 
splitting of the first sound does occur quite 
regularly with ventricular premature contrac- 
tions, a seemingly comparable situation. 

The effect of respiration on the split second 
sound of bundle branch block is different in the 
case of the two types, left and right. (Fig. 3.) 
With inspiration the split is exaggerated in the 
case of right bundle block and decreased or 
eliminated in the case of left bundle branch 
block. These contrasting phenomena are ob- 
viously the result of interplay between the 
normal inspiratory splitting of the second sound 
and the splitting produced by the bundle branch 
block. Repeatedly, students informed of these 
differential points have been able to determine 
at the bedside the type of bundle branch block 
present. 

When right bundle branch block and a proto- 
diastolic gallop of left ventricular origin are 
present together, the second component of the 
second sound can be expected to occur closer to 
the gallop sound than in the absence of bundle 
branch block or with left bundle branch block. !8 
This is clearly a differential point of less useful- 
ness because of the relative infrequency of the 
proper combination of sounds and because the 
split second sound and the gallop tend to have 
maximum audibility in different areas, pul- 
monary area and apex, respectively. 

These studies have not revealed “three well 
developed components of the first sound” in 
bundle branch block as has been said to occur. !^ 

Illustrative cases of right bundle branch block 
are presented in Figures 4B and 5 and of left 
bundle branch block in Figures 4A and C. 

Ventricular Premature Contractions. Although 
the first heart sound is not commonly split in 
bundle branch block such splitting does occur as 
a rule in ventricular premature contractions. 
This is a bit surprising since they would seem to 
be comparable situations. Possibly the fact that 
greater prolongation of the QRS occurs with 
premature contractions than with bundle branch 


DECEMBER, 1955 


857 


600 INTERATRIAL SEPTAL DEFECT 
(RT. bbb) - 


FREQUENCY (c.p.s.) 





TIME (sec) 


Fic. 5. Splitting of both the first and the second heart 
sounds in a patient with two mechanisms for splitting: 
right bundle branca block and interatrial septal defect. 


block accounts ‘or the seemingly conflicting 
results. Occasiorally it is possible to localize 
the initiating focus to one or the other ventricle 
by comparing the intensity of the two com- 
ponents of each sound in the several areas. 
Figure 4D demcnstrates splitting of both the 
heart sounds produced by a ventricular prema- 
ture contraction. The patient also had rheu- 
matic mitral regurgitation and it is of note that 
the second heart sound is split in normal cvcles. 
This type of spliting is to be discussed in more 
detail later. 

Shunts, Particu arly Interatrial Septal Defect. 
Splitting of the second sound occurs in the great 
majority of cases of interatrial septal defect. 
(Fig. 1B.) This splitting appears to be the result 
of the discrepancy in stroke volume of the two 
ventricles. This is a situation comparable to the 
splitting of the second sound which occurs 
normally with inspiration and which is also the 
result of discresancy in ventricular stroke 
volumes. When wight bundle branch block is 
also present, the splitting is exaggerated. 
(Fig. 5.) Respiration has little or no influence 
on the splitting əf the second sound in these 
cases. 

In about half the patients with interatrial 
defect splitting of the first sound is also present. 
The splitting of the first sound must have a dif- 
ferent basis thar the splitting of the second 
sound. Prolongation of iso(volu)metric contrac- 
tion cannot be the basis since by definition both 
the arterial anc the atrioventricular valves 
are Closed during this phase. It is possible that a 
delay in the tricuspid closure results from the 
fact that right up to the time the dilated right 
ventricle contracts it is still accepting blood and 
the tricuspid leaflets are spread to a maximum 
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Fic. 6. Phenomena simulating split sounds. A, late systolic click of about the same intensity as seen at the apex 
was also present at left sternal border and pulmonary area. There is a history of acute rheumatic fever, dur- 
ing which pericarditis was observed, four months before this recording; third heart sound is also present. B, this 
patient with mitral stenosis had considerable pulmonary hypertension with resultant accentuation of the pulmonary 
closure sound. The temporal relationship of the two components of P-2 is not altered. There is an exceedingly 
subtle diastolic murmur (probably Graham Steell) beginning immediately with P-2. There is a faint sound in 
mid-diastolic (which is difficult toidentify) at the termination of the Graham Steell murmur. It is too early for an atrial 
heart sound and perhaps too late for a third heart sound. It may represent a valve closure sound—slight leak occurs 
through a small separation of the cusps as long as the pressure differential is sufficient to maintain the separation. As 
soon as the pressure differential drops below a certain threshold, coaptation of the previously separated surfaces 
occurs with production of an audible sound. C, recording at the apex in a patient with severe mitral stenosis and a 
moderate degree of mitral regurgitation; note the snapping mitral closure sound, the systolic murmur and the 
diastolic murmur with presystolie crescendo. There is seemingly a split second sound. Actually it is clear that this is 
in fact a second sound followed closely by an opening snap. This patient also has aortic stenosis. The aortic closure 
sound is so attenuated that it is doubtful that it is transmitted to the apex where the pulmonary closure sound alone 
is represented. That the sound marked OS is indeed mitral opening snap is corroborated by its snapping appearance, 
pure frequency content and elevated frequency "bottom." D, an example of early systolic sound in the pulmonary 
area caused by dilated pulmonary artery due in this case to atrial septal defect. In addition both the first and the 
second sounds are slightly split. 


degree. The left ventricle, on the other hand, Since many cases of interatrial defect have an 
because of its different pressure-volume char- early systolic click on the basis of dilated pul- 
acteristics will more likely have completed filling monary artery, this must be distinguished from 
at the corresponding time and the mitral valve splitting of the first heart sound. 

will be partially closed. Anomalous pulmonary venous return can be 
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expected to produce a splitting of heart sounds 
of the same type as that which occurs in inter- 
atrial defect. Our experience with spectral 
phonocardiography in this anomaly is limited. 
Patent ductus arteriosus, by increasing the stroke 
volume of the left ventricle over that of the 
right, should produce splitting of heart sounds. 
That splitting does not occur more commonly 
with patent ductus may be yet another instance 
of absent splitting with delay in the left-sided 
valvular events. 

Variations in Arterial Pressure. It is the general 
impression that hypertension causes splitting of 
the second heart sound, and especially that 
pulmonary hypertension causes a split P-2. 
Phonocardiographic analysis does not cor- 
roborate this impression. Even clinical experi- 
ence does not relate splitting of the second sound 
to systemic arterial hypertension. In pulmonary 
hypertension studies, very slight splitting was 
frequently demonstrated. However, the tempo- 
ral relationship of aortic and pulmonary closure 
was not altered: pulmonary closure did not 
occur prematurely as a result of elevation of 
pulmonary arterial pressure. (Fig. 6B.) The 
pulmonary closure sound was, of course, ac- 
centuated in intensity and frequency span. 
With pronounced elevation of pulmonary 
pressure the sound was often prolonged and 
reverberating. The clinical impression of split 
P-2 with pulmonary hypertension bas been 
engendered in large part by the easy audibility 
of the mitral opening snap in the pulmonary 
area of patients with pulmonary hypertension on 
the basis of mitral stenosis. 

Contrariwise, hypotension in the pulmonary 
artery in congenital pulmonary stenosis can 
result in delay of pulmonary valve closure and 
splitting of the second sound. (Fig. 2D.) Since 
it is the pressure differential on the two sides of 
the valve that controls its closure, the effect of 
pulmonary hypotension is relatively greater by 
reason of the ventricular hypertension. When 
ventricular systolic pressure is in the range of 
300 mm. Hg or even higher, it might be 
anticipated that a longer time will be taken for 
this pressure to fall below that in the pulmonary 
artery. 

In cases of valvular pulmonary stenosis of 
the congenital type, the valve is as a rule merely 
a perforated membrane. Valve closure in the 
usual sense is inconceivable. The sound that is 
heard and recorded is probably a snap of this 
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diaphragm toward the ventricle. This sound may 
be termed “pulmonary reversal snap.” 

A rough indication of the pulmonary pressure 
in cases of tetralogy of Fallot with infundibular 
stenosis can be obtained from the presence or 
absence of a pulmonary closure sound. Further- 
more, after an adequate Blalock-Taussig oper- 
ation, the pulmonary closure sound should 
become evident in such cases, providing pul- 
monary atresia is not present. 

Valoular Heart Disease. Delay of the mitral 
closure sound is characteristic of mitral stenosis 
especially it atrial fibrillation is also present. 
(Fig. 1B.) This delay may be due largely to the 
elevation of left atrial pressure since the delay is 
greatest in cases with the greatest elevation of 
left atrial pressure. Splitting of the first sound 
is not more common in mitral stenosis than it is, 
due to the usual precedence of mitral closure 
over tricuspid closure and to obscuration of the 
tricuspid closure sound by the presystolic 
rumble in cases with sinus rhythm. (Fig. 6C.) 

In mitral regurgitation splitting of the first 
sound of the same type, delay in mitral closure, is 
not infrequently demonstrable and the systolic 
murmur is found to begin immediately with the 
second component, the mitral closure sound. 
(Fig. 2F.) 

- Splitting of the second heart sound occurs 
commonly in severe mitral regurgitation. (Figs. 
2E and 4D.) Presumably because of the double 
route of ejection from the left ventricle, aortic 
closure occurs prematurely. This splitting is 
likely to be obscured, however, by the systolic 
murmur and may be demonstrable only by 
graphic methods. Because of low diastolic 
pressure in the aorta and accelerated left 
ventricular ejection, S-2 may be split in aortic 
regurgitation. 

Absent Pericardium. In our experience, split- 
ting of the heart sounds is a frequent finding in 
patients in whom the pericardium has been 
removed for relief of constrictive pericarditis or 
for other reasons. 

Clicks and Snaps. Early or late systolic clicks 
produce a situation easily confused with split 
first or second sound, respectively. The opening 
mitral snap (Fig. 6C) is equally easily confused 
with the second component of a split second 
sound. The genesis and clinical significance of 
systolic clicks are discussed in more detail 
elsewhere." The most frequent cause of early 
systolic click is disease with dilatation of the 
ascending aorta or the pulmonary artery. 
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Pericardial adhesions may be -esponsible for 
telesystolic clicks as well as some protosystolic 
ones. The ear can often distinguish systolic 
clicks and opening snaps from valve sounds by 
their snapping quality. Similarly, the spectral 
phonocardiogram usually displays distinctive 
features in these added sounds: they usually have 
more homogeneous frequency content and often 
their *frequencv bottom" is not at the baseline, 
as in the case of valve sounds. 'The presence of 
demonstrable splitting of heart sounds proper, 
in addition to the added sound, clinches identi- 
fication of the c'ick or snap on auscultation and 
in the spectral phonocardiogram. See Figures 
6A, C and D for examples of cl.cks and snaps 
which create combinations of sounds simulating 
splitting. 

Gallops. Yn gallops the degree of separation 
of the added sound from the heart sounds proper 
endows the rhythm with a cadence rarely 
encountered with true splitting of the heart 
sounds. When any question arises the relation- 
ship to the electrocardiogram will, in the case of 
the atrial gallop which prececes the QRS, 
identify the adventitious sound. Possibly more 
easily confused with a split second sound is the 
early diastolic sound, sometimes -ermed gallop, 
noted in constrictive pericarditis and also peri- 
carditis with eusion.!??? This sound occurs 
closer to the second sound than coes the proto- 
diastolic gallop. (Fig. 6A.) ''Iscdiastolic peri- 
cardial snap” is Lian's term. 


SUMMARY AND CONGCLUSONS 


Normal and pathologic condi-ions resulting 
in splitting of heart sounds are reviewed. The 
influence of respiration on splitting of the second 
sound can assist in identifying the type of bundle 
branch block present and in distinguishing true 
splitting of heart sounds from simulating condi- 
tions. Arterial hypertension is not a cause of 
splitting of heart sounds. Asynchronism of valve 
closures is the fundamental basis ‘or splitting of 
heart sounds and may have two general bases 
which, following the terminology of Leatham,!* 
may be designated electrical (asynchronism due 
to abnormality in the activation ofthe ventricles, 
as in bundle branch block, ven-ricular extra- 
systoles and idioventricular rhytam) and me- 
chanical (asynchronism due to ciscrepancy in 
ventricular stroke volumes, as ir atrial septal 
defect, or in rate of ejection, as in mitral and 
aortic regurgitation). In a patient over forty 
years of age without other evidence of heart 
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disease, striking inspiratory splitting of heart 
sounds suggests respiratory disease which is 
accompanied by exaggeration of intrapleural 


negativity of pressure during inspiration. In- 


spiratory airway obstruction as by bronchogenic 
carcinoma or asthma and parenchymal or 
pleurzl fibrosis are possibilities. 

Early and late systolic clicks and the mitral 
opening snap are the conditions most likely to 
simulate splitting of heart sounds. 

Because of much overlap of the degree of 
splitting with that occurring normally, splitting 
is of limited diagnostic value in the pathologic 
states with which it may occur: interatrial septal 
defect, bundle branch block, mitral or aortic 
regurgitation and respiratory disease resulting 
in exaggerated cyclical variations in intra- 
pleural pressure. In general, however, splitting 
has more pathologic significance (1) when it 
occurs in adults than when it occurs in children, 
(2) when splitting is exaggerated with expira- 
tion rather than with inspiration (left bundle 
branch block), (3) when there is no clinical 
evidence of respiratory disease and labored 
respirations and (4) when splitting persists 
throughout all phases of respiration (as usually 
is the case in interatrial septal defect). 
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Diagnostic Value of Phonocardiography 


in Mitral Stenosis“ 


Mode of Production of First Heart Sound 


J. J. KeLLy, JR., M.D. 
Brooklyn, New York 


in the onset of the first heart sound in mitral 

stenosis. More than thirty years later Cossio 
and Berconsky? rediscovered this 5henomenon 
using a more refined technic of phonocardiog- 
raphy. In 1951 Sprague and his associates,’ 
unaware of either publication, reported a similar 
study, again demonstrating that in subjects with 
mitral stenosis anc atrial fibrillatior the interval 
between QRS of the electrocardiogram and the 
first heart sound varied inversely wizh the length 
of the previous cycle. T'his was confirmed by 
Wells in England.* 

In the present study further information was 
sought concerning the range of the Q-first heart 
sound interval in mitral stenosis and in other 
forms of heart disease. As in the other studies, 
measurements were made in simultaneously 
recorded electrocardiograms and phonocardio- 
grams. The Q-first heart sound interval is the 
time from the beginning of ventricular excita- 
tion (Q wave or onset of upstroke cf R wave in 
limb Lead n) to the first rapid vibrations of the 
first heart sound. Hereinafter this interval will be 
referred to as the Q-1 interval. The records of 
subjects with a QRS duration of .-1 second or 
more were excluced from this study because 
bundle branch block in itself may cause an 
apparent delay in the first heart sound.®§ 
Sounds associated with extrasystoles were omitted 
for the same reason.” 8 

The phonocardiograms were taken either 
with a Cambridge Simplitrol or a Sanborn Twin 
Beam phonocardiograph. The paper speeds on 
the respective macaines were 50 and 75 cm. per 
second, allowing one to measure with an ac- 
curacy of .01 second. The measurements by 


T 1911 Weiss and Joachim! reported a delay 


independent examiners of records were always 
within .01 per second. Ten intervals of each 
subject were measured and averaged. The 
subjects were resting in the supine position when 
the records were obtained. Phonocardiograms 
were routinely taken at the apex, Erb's point, 
the pulmonic and aortic valve areas but meas- 
urements were made from the apex recordings. 


RESULTS 


In a group of a hundred patients with cardiac 
lesions of all types except those involving the 
mitral valve the mean Q-1 interval was found 
to be .04 second with a standard deviation of .01 
second. Values of normal man compiled from 
different sources by Wiggers? are in close agree- 
ment wi:h these figures. 

In a group of seventy-five subjects with mitral 
stenosis as the only lesion, the mean Q-1 interval 
was .06 second with a standard deviation of 
+ .03 second. 

These data are presented as frequency dis- 
tribution graphs in Figure 1. Inspection of these 
charts demonstrates a wide spread of the Q-1 
interval in the mitral stenosis group, ranging 
from .04 to .10 second. But more striking is the 
fact that 45 per cent of the values are .07 second 
or greater whereas in the group of subjects with 
normal mitral leaflets no intervals of .07 second 
or greater can be seen. 

In subjects. with mitral stenosis and atrial 
fibrillation the length of the Q-1 interval was 
found to vary inversely with the length of the 
previous diastole, as reported earlier. No 
such variation was found in patients who had 
atrial fibrillation but who did not have mitral 
stenosis. In this latter group no significant 


* From the Department of Medicine, State University of New York, College of Medicine at New York City, and 
the Kings County Hospital Center, Brooklyn, New York. This work was supported in part-by a grant from the Depart- 
ment of Health, Education and Welfare, Public Health Service, National Institutes of Health. 
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difference was found between those subjects 
with sinus rhythm and those with atrial fibrilla- 
tion. In the mitral group the length of the Q-1 
interval paralleled the severity of the stenosis. 
Age seemed to be the factor determining rhythm. 
In this population atrial fibrillation was un- 


TABLE I 





Q to First Sound | Second Sound to 


Opening Sna 
(seconds) ascende) P 
Pa- 
tient 
Pre- Post- Pre- Post- 
operative | operative | operative operative 

2 0.10 0.07 p 0.04 
2 0.07 0.05 0.05 0.08 
3 0.08 0.04 0.04 0.07 
4 0.08 0.05 0.05 0.08 
5 0.07 0.05 0.06 0.08 
6 0.08 0.06 0.06 0.11 
7 0.08 0.05 0.07 0.10 
8 0.06 0.04 0.06 0.09 
9 0.08 0.05 0.04 0.08 
10 0.07 0.05 0.05 0.08 
11 0.09 0.06 id 0.05 
12 0.06 0.04 0.06 0.10 
13 0.08 0.08 0.05 0.05 
14 0.07 0.05 0.06 0.09 
15 0.06 0.05 0.04 0.08 
16 0.07 0.04 0.08 0.12 


E EEEE ae EES 
* Opening snap not identified on phonocardiogram. 


common before the age of forty unless active 
carditis was present. 

Twenty-seven persons with mitral insuffi- 
ciency were also studied. A mean Q-1 interval 
of .04 second with a standard deviation within 
--.01 second was found, a normal value in 
agreement with the observations of Brigden and 
Leatham.!° 

A delay in the interval from the beginning of 
the QRS to the most intense portion of the first 
sound was also demonstrated in mitral stenosis, 
in the presence of which the mean was found to 
be .09 second (standard deviation = +.03) 
whereas in mitral insufficiency the mean was 
.05 (standard deviation = +.01) and in the 
control group .05 (standard deviation = +.01) 
second. 

Although this investigation was designed pri- 
marily to show the variation in the Q-1 interval, 
a record was also made of the frequency of 
occurrence of the opening snap of the mitral 
valve. The opening snap of the mitral valve was 
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the term given by Rouches!! in 1888 to a high 

pitched scund of short duration which closely 

follows the second sound by which is of maximal 

loudness just inside the apex rather than at the 

base, as would be the case with a split second 

sound. This sound was recognized as early as 
MITRAL STENOSIS 


Mean = 0.06 sec. 
T5 Patients 





ut 


HEART DISEASE WITHOUT MITRAL LESIONS 





Mean = 9.04 sec. 
300 Patients 


6.02 003 004 005 006 907 0.08 069 9.10 
Q - First Sound Interval 
{in seconds) 


Fig. 1. Variation of the interval from the onset of 
electrical activation of the ventricles to the first rapid 
vibrations of the first sound as seen in the simul- 
taneously recorded lead n of the electrocardiogram 
and the apical phonocardiogram. Subjects with QRS 
times 0.11 second or greater were excluded. 


1835! as a frequent accompaniment of mitral 
stenosis kut was labelled an apical split second 
sound. / | 

An opening snap was found on phonocardiog- 
raphy in seventy-two of the seventy-five subjects 
who had mitral stenosis but in only one patient 
who did not have significant mitral stenosis; 
this occurred in a patient whose condition was 
diagnosed as mitral stenosis but it was found at 
operation that only one cusp with its chordae 
tendineae became fibrotic. This produced a 
moderate insufficiency but no appreciable 
stenosis. A similar high incidence of the opening - 
snap in mitral stenosis has been reported recently 
by Mounsey!? who recorded it in thirty-two of 
thirty-three patients with mitral stenosis. This 
sound, it should be pointed out, is commonly 
confused with a gallop or a split second sound. 

The presence of an opening snap is of great 
diagnostic significance. It is a more frequent 
finding in severe mitral stenosis than is a diastolic 
murmur. We were unable to hear or record a 
diastolic murmur in seventeen patients with 
mitral stenosis yet in fourteen of these an open- 
ing snap was recorded. 
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The data froni preoperative and postoperative 
tracings in sixteen patients whc underwent 
mitral valve fracture are presentec in Table r. 
. In every instance except one a shortening of the 
Q-1 interval followed surgery. (The one patient 
who was the exception derived no benefit 
from the operation.) Also, the interval from the 
beginning of the second sound to the opening 
snap of the mitral valve lengthened with surgery. 
This latter interval (O-S interval) apparently 
varies with isometric relaxation of the left 
ventricle. No change in the left ventricular 
volume occurs during this interval but when the 
pressure in the left ventricle falls below that 
in the left atrium the mitral valve snaps down 
and filling of the ventricle begins. When there is 
no change in the systemic arteria. pressure a 
lengthening of the isometric relaxation time 
(O-S interval) can be interpreted as the result of 
reduction of the left atrial pressure following 
mitral valvotomy. 


DISCUSSION 


The observations reported here clearly demon- 
strate the frequency of prolonged Q-1 intervals in 
mitral stenosis and the absence of suca delay with 
cardiac lesions of other types. In any subject with 
a Q-1 interval of 0.07 second or greater (in the 
absence of bundle branch block), it may be 
taken for granted that there is a significant 
degree of mitral stenosis. This knowledge may 
have considerable clinical usefulness. As an 
example, in a patient with unexplained heart 
failure no murmurs were heard at first. The 
usual laboratory investigations such as electro- 
cardiography and fluoroscopy revealed only 
atrial fibrillation and enlargement of all 
chambers of the heart. Mitral stenosis was 
strongly suspected because the Q-1 interval was 
0.10 second. Later, when the heart failure was 
better controlled, a diastolic rumble was heard 
and recorded at the apex. At operation a very 
tight mitral valve orifice was found. 

In a clinic such as ours where the end stages of 
disease are commorly seen, mitral stenosis with- 
out murmurs is frequently encountered. When 
the cardiac output falls to very low values the 
typical mitral rumble frequently disappears. If 
the mitral valve is extensively calcified the 
first sound often loses its usual loud snapping 
quality and the opening snap may be absent.!* 
It is under these circumstances that the delay 
of the first heart sound is of real help in establish- 
ing the diagnosis; in several of these cases pre- 
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operative confirmation was provided by demon- 
strating calcified valves in slit kymograms. 

Mid-diastolic murmurs are quite common in | 
congenital heart disease.!? The presence of such 
murmurs invariably arouses speculation con- 
cerning the presence of mitral stenosis. If no 
ventricular conduction defect is present and the 
first heart sound is delayed, it will be found that 
mitral stenosis also is present. Also, an Austin 
Flint murmur may be definitely excluded in a 
patient who has aortic insufficiency and a pre- 
systolic murmur if a delay in the onset of the 
apical first sound is found. 

The mechanism by which the first sound is 
delayed in mitral stenosis can be explained 
readily Ey the hypothesis!*!" that the first heart 
sound is caused by sudden tensing of the auriculo- 
ventricular valves and chordae tendineae when 
the auriculoventricular septum is pushed in the 
direction of the auricle. In mitral stenosis the left 
atrial pressure is high while the end diastolic 
pressure in the left ventricle is low. The mitral 
valve does not close until the left ventricular 
pressure exceeds that of the left atrium. This 
disparity of pressures in the atrium and ventricle 
is found consistently in mitral stenosis.1?:!? This 
is illustrated in Figure 2 which demonstrates 
pressures obtained in the operating room from 
both the left atrium and the left ventricle before 
and after mitral fracture. 

In Figure 3 are presented data from the same 
patient. Here ventricular pressures were re- 
corded at a greater sensitivity of the strain gauge 
so that the atrial curves could be traced over the 
segments of the ventricular pressure curves. Also 
indicated in this illustration is the position in 
time of the first heart sound, second sound and 
the opening snap as recorded preoperatively 
and postoperatively. Although the ventricular 
end diastolic pressure and the electrical mechan- 
ical interval remained constant before and after 
surgery, the time required by the ventricle to 
develop pressure greater than that in the left 
atrium fell from 0.08 second to 0.05 second after 
enlargement of the mitral orifice. These time 
periods agree perfectly with the Q-1 intervals 
determined phonocardiographically pre- and 
postoperacively. It is also apparent that a 
significant degree of mitral stenosis remained 
after surgery, as indicated by a difference of 10 
mm. Hg between the end diastolic pressures in 
the atrium and the ventricle. When these pres- 
sures are equal the onset of the first sound 
begins with ventricular contraction. In left 
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ventricular failure and in constrictive peri- 
carditis left atrial pressure is also elevated but 
there is no impediment to ventricular filling as in 
mitral stenosis, and in these instances the end 
diastolic pressures are equal in the left atrium 
and ventricle. Hence no delay would be expected 
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incompeteat, as much blood may be injected 
into the azrium as into the aorta. In instances 
such as this the first sound is faint or lost in the 
systolic murmur but its onset is never delayed. 
A gallop, which is rare in mitral stenosis even 
when complicated by right ventricular failure, 
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Fic. 2. Left atrial and ventricular pressures recorded by needle puncture of these chambers before 


and after mitral valvuloplasty. 


Fic. 3. Mitral valvuloplasty. Pressures from the same patient as in Figure 2 but in this instance the 
ventricular pressures were recorded at a greater sensitivity of the strain gauge so that the atrial curve 
could be. superimposed on the ventricular curve. Q refers to the onset of the QRS complex of the 
electrocardiogram; 1? refers to the first sound, 2° to the second sound and O.S. to the opening snap. 
Phonocardiograms were taken preoperatively and postoperatively (the heart rates at these times were 
the same). The electrical-mechanical interval of the left ventric_e remained constant at 0.03 second. 


in the onset of the first sound and none has been 
observed. 

It is also of interest that in subjects with signif- 
icant mitral insufficiency the Q-1 interval is 
normal. Apical systolic murmurs, which are not 
uncommon in mitral stenosis, do not necessarily 
indicate any serious degree of mitral insuffi- 
ciency. A recent experience vividly brought this 
lesson home to us. A middle-aged woman who 
was studied in our laboratory was found to have 
a normal QRS time, a loud first sound, a grade 
Iv pansystolic apical murmur and an opening 
snap which was recorded but not heard by most 
examiners. Because the first sound was loud and 
delayed (Q-1 +0.09 second) it was predicted 
that a severe degree of mitral stenosis was present 
and that mitral insufficiency would be minimal 
in spite of the intense murmur. This prediction 
was confirmed by postmortem examination a 
week later when a very rigid, tightly stenotic 
valve was found. The cusps of this valve could 
not possibly close completely during systole. 
However, when the mitral valves are severely 
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may be the loudest sound heard in severe mitral 
insufficiency and has been confused with the 
first sound. Such gallops occur 0.10 to 0.18 
second after the second sound and therefore 
are not easily confused with opening snaps oc- 
curring between 0.02 and 0.13 second after the 
second sound. For an excellent discussion of 
mitral irsufficiency the paper of Brigden and 
Leatham!? should be consulted. 

A long Q-1 interval and a short O-S interval 
are characteristic of tight mitral stenosis. Using 
the surgeon's estimate of the mitral orifice at 
operation, Wells* demonstrated a better cor- 
relation of the size of the mitral orifice with a 
consideration of both the Q-1 and O-S intervals 
together than when considering either separately. 
By subtracting the O-S interval from the Q-1 
interval values greater than minus 0.01 second 
were found with severe mitral stenosis. If the 
values gave more negative results than minus 
0.015 second, an orifice greater than 1 sq. cm. 
could be expected. 

Our experience in general confirms Wells’ 
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views but there are rare exceptions and diag- 
nostic pitfalls which should be briefly discussed. 
Figure 1 demonstrated that only 45 per cent of 
the subjects who had mitral stenosis had a Q-1 
interval outside the range of the control group, 
which varied between 0.02 to 2.06 second. 
Presumably, most of the patients whose Q-1 
interval fell within the normal range had only a 
moderate or minimal degree of m_tral stenosis. 
However, in rare instances we have found that 
subjects with normal Q-1 interva's may have 
tight mitral stenosis at necropsy. The explana- 
tion for this apparent discrepancy raay be found 
in a very short electrical-mechanical interval of 
the left ventricle: that is, the time between the 
electrical activation of the ventricle (Q wave or 
upstroke of R wave of the electroca-diogram) to 
the onset of the left ventricular pressure rise. 
In those persons in whom the heart does not 
have ventricular conduction defects this time 
varies between 0.02 second and 0.06 second 
with a mean of 0.04 second, which is the 
mean of the Q-1 interval in tke group of 
patients who do not have mitral stenosis. 

If a patient wita severe mitral stenosis had a 
left ventricular electrical-mechaniczl interval of 
0.02 second, and 0.03 second further elapsed 
before the ventricle could develop pressure 
necessary to exceed the left atrial pressure so that 
the mitral cusps could snap shut, t3en the Q-1 
would be the sum of these two values, or 0.05 
second, which is within the normal -ange. 

Although the electrical-mechanical intervals 
were determined by needle punczure of the 
ventricle at operation, this same information 
may be obtained by the simple, non-hazardous 
method of recording the apex impulse. The onset 
of the systolic deflection of the apez beat coin- 
cides perfectly with the ventricular pressure rise 
determined directly. This technic was utilized 
by Cossio?? to support the valvular taeory of the 
first heart sound. In patients with mitral stenosis 
he was able to record the usual apex motion 
occurring without delay, followed by a sharp 
apical shock synchronous with tre delayed 
first heart sound. 

Another factor affecting the Q-1 interval in 
mitral stenosis is tne rate of rise of ventricular 
pressure. In twelve instances in which eft 
ventricular pressure curves were obtained the 
rate of pressure rise varied between 4 mm. Hg 
and 14 mm. Hg per 0.01 second. Preliminary 
studies of our data suggest that the rate of rise is 
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much slower in patients with extensive myo- 
carditis, whether active or healed. 

In one instance we mistakenly made the 
diagnosis of mitral stenosis by confusing as the 
first sound a loud, early systolic sound which was 
of maximal intensity at the pulmonic area rather 
than at the apex. Such sounds are usually asso- 
ciated with pulmonary artery dilatation and 
pulmonary hypertension. This particular pa- 
tient had a ruptured aortic cusp which pro- 
duced a continuous murmur from the second 
sound to the “early systolic click," with no 
recognizable first sound. To avoid this type of 
error it is wise to compare the intensity of the 
first sound both at the apex and at the base of 
the heart. When a dilated aorta or, more com-. 
monly, a dilated pulmonary artery is present a 
sound is emitted as the semilunar valves open or 
shortly thereafter. Usually no sound can be 
detected by the phonocardiogram when the 
semilunar valves open; however, with dilatation 
of either of these major vessels the sound may be 
as loud as that arising from the auriculoventric- 
ular valves. 

The observations reported herein provide 
valid evidence that ventricular muscular con- 
traction contributes no audible element to the 
first sound. In extreme cases the first sound may 
not begin until 0.06 second after ventricular 
contraction occurs. It also appears that in mitral 
stenosis the first heart sound is caused by the 
tensing of the mitral valve and its chordae; 
the tricuspid valve contributes no easily audible 
portion when the delay is great, otherwise a 
split firs: sound rather than a delayed sound 
would be recorded. For example, in a patient 
with a Q-1 interval of 0.09 second the right 
ventricular pressure exceeded the right atrial 
pressure 0.04 second after the Q wave of the 
electrocardiogram, yet no sound could be 
recorded at that moment even close to the 
sternum. Rarely has it been possible to demon- 
strate by great amplification of the phonocardio- 
graph a faint sound synchronous with closure of 
the tricuspid valve in instances of mitral stenosis 
with an intense and delayed first sound. 

This situation may be similar to that in left 
ventricular failure with severe systemic arterial 
hypertension. In patients with such conditions 
there is often a very faint first sound but after 
correction of the failure and reduction in the 
residual volume in the left ventricle the first 
sound becomes more intense. Presumably, in 
failure with an increase in residual volume and 
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rapid ventricular filling the valve leaflets are 
approximated at the end of diastole, whereas in 
healthy persons they may be deep in the ventricle 
when systole begins and sudden tensing causes 
a much louder sound. This can be illustrated 
with a handkerchief producing a faint or loud 
sound depending on the slackness of the cloth 
before it is snapped taut. 

Perhaps the tricuspid valve normally causes 
little sound because of physical differences from 
the mitral valve. In our experience with patients 
who have pure right ventricular failure gallop is 
often absent, never more than barely audible, 
in contrast to gallop in left heart failure which 
usually is easily audible. However, inaudible 
vibrations related to gallop phenomena are 
usually recorded by ballistocardiography and 
roentgenkymography in patients with right 
ventricular failure.?? It is also of interest that 
Thayer,” in his classic paper on the third heart 
sound, stated that he could easily hear a third 
sound over the exposed left ventricle of a dog 
but not over the right ventricle. We have had 
the opportunity of studying a woman with cor 
pulmonale and right thoracoplasty whose heart 
beat directly against the subcutis to the right of 
the sternum. It was possible to record a pre- 
systolic gallop directly over the right atrium, 
although the gallop was inaudible elsewhere 


over areas with the usual chest structures intact. 


This too suggests that normally the tricuspid 
sound may be faint and poorly transmitted to the 
precordium. Rytand?* concluded from another 
type of study that the first heart sound is largely 
of mitral rather than of tricuspid origin in 
normal persons and in patients without mitral 
stenosis. 

The theory of the valvular origin of the first 
sound explains such common clinical phenomena 
as the variation in intensity of the first sound in 
complete heart block**?* with varying P-R 
intervals,??/?$ auricular fibrillation?’ and ventric- 
ular tachycardia. The theory of the muscular 
origin of the first sound cannot explain an 
- intense first sound heard with a ventricular 
extrasystole which fails to develop enough 
ventricular pressure to open the semilunar 
valves or a faint first sound in aortic insufficiency 
in which the stroke volume may be tremendous. 
All of these observations are explained neatly 
by the valvular origin of the first sound. With 
intense first sounds the auriculoventricular 
valves are deep in the ventricle and the chordae 
tendineae are slack when ventricular contraction 


DECEMBER, 1955 


867 


begins; with faint first sounds the valves are 
closely approximated at this time. Mitral 
stenosis or the presence of a short P-R interval 
should be suspected, therefore, when a loud 
first sound is heard in a patient with congestive 
failure. 

The lengthening of the interval from the 
second sound to the opening snap of the mitral 
valve following mitral surgery has been demon- 
strated. Figure 3 easily explains this phenome- 
non. It can be appreciated from this illustration 
that three variables affect the length of this 
interval. They are: (1) the height of pressure 
in the ventricle at the end of systole, (2) the 
speed of isometric relaxation and (3) the height 
of the atrial pressure. With reduction of atrial 
pressure efter surgery and with no change in 
the other variables a lengthening of this interval 
occurs. In such instances there was no change in 
ventricular pressure or speed of isometric 
relaxation, and the O-S interval increased from 
0.05 second preoperatively to 0.08 second post- 
operatively. These observations confirm the 
views of Margolies and Wolferth?* expressed in 
their classic paper on the importance and the 
mechanism of production of the opening snap in 
mitral stenosis. 


SUMMARY 


1. The rime of onset of the first heart sound is 
related to the simultaneous electrocardiogram in 
subjects with mitral stenosis, mitral insufficiency 
and heart disease without mitral valve disease. 

2. A delay in the first heart sound occurred in 
patients who had mitral stenosis but who had 
no other lesions if ventricular conduction defects 
were absent. The degree of delay paralleled 
the severity of the mitral stenosis. This delay of 
the first heart sound has proved to be of diag- 
nostic value, particularly since it is usually 
greatest when the typical murmurs are ab- 
sent. No delays occur with significant mitral 
insufficiency. 

3. Significant shortening of the Q-first sound 
interval occurs with successful enlargement of 
the mitral orifice. 

4. The delay of the first sound can be ex- 
plained by the disparity between the end 
diastolic pressures in the left atrium and left 
ventricle. The sound does not occur until 
ventricular pressure equals or exceeds atrial 
pressure. 

5. Ventricular contraction does not con- 
tribute to the audible portion of the first sound. 
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Moreover, this sound probably arises chiefly in 
the mitral rather than in the tricuspid valve. 
6. The length of the interval between the 
second sound and the opening snap of the 
mitral valve is, in general, inversely related to 
the severity of the mitral stenosis. This interval 
lengthens with successful mitral surgery. 

7. The mechanism of production of the open- 
ing snap is discussed and observations offered 
which confirm the views of Margolies and 
Wolferth?® concerning this phenomenon. 


Acknowledgment: ‘The author wishes to thank 
Dr. William Dock and Dr. D. A. Rytand for 
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rence,!7? particularly in patients with con- 

gestive heart failure.* ë The clinical fea- 
tures of thromboembolic phenomena have been 
well defined in non-cardiac disease,^? but the 
manner in which pulmonary embolism may 
disturb congestive heart failure has not been 
clear. Attention was called to this problem by 
the development, in a number of patients with 
pulmonary emboli, of the triad of intractable 
edema, disproportionate tachycardia and digi- 
talis toxicity. This investigation was undertaken 
to evaluate the occurrence of this triad in 
patients who died of chronic congestive heart 
failure complicated by pulmonary embolism 
and to compare them with another group of 
patients with fatal heart failure whose course 
was not thus complicated. 


Pres embolism is of frequent occur- 


METHODS 


From January 1946 to July 1954, at the 
Peter Bent Brigham Hospital, forty-seven pa- 
tients who had congestive heart failure died as 
a major consequence of multiple pulmonary 
emboli. The clinical records and autopsy proto- 
cols were reviewed, and special emphasis was 
placed upon a search for evidence of intractable 
edema, disproportionate tachycardia and digi- 
talis toxicity prior to death. Three additional 
patients with whom the author had personal 
experience at the New England Center Hospital 
were included. The records of fifty patients from 
the Peter Bent Brigham Hospital who died in 
congestive failure not complicated by pulmonary 
embolism were reviewed from the same stand- 
point. In this group it was necessary to include 
five postoperative cardiac surgical patients. No 
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patient was included who had experienced a 
recent myocardial infarction. 

That the groups were comparable so far as 
types of heart disease may be seen from Table 1; 


_ the etiology of the heart disease in each group 


was about the same, namely, half rheumatic 





TABLE 1 
Pulmonary 
trol 
Condition Embolism re 
Group 
Coronary artery disease ....... 28 25 
Rheumatic heart disease. ...... 20 25 
Interstitia] non-specific myocar- 
10 EE 2 


and half coronary artery disease. Two cases of 
non-specific interstitial myocarditis were in- 
cluded in the group with pulmonary embolism. 
Digitalis toxicity was noted by electrocardiog- 
raphy by well established criteria? in forty 
patients and clinically in six more. Tachycardia 
was diagnosed when the apical rate was more 
than 110 per minute. 


RESULTS 


Intractable Edema. ‘Thirty-five patients in the 
pulmonary embolism group received mercurials 
as contrasted with thirty-eight in the control 
group. Thirty-two of the thirty-five in the pul- 
monary embolism group were refractory to 
mercurial diuretics as opposed to only ten who 
were refractory in the control group. (Table u.) 

Therefore it seemed that refractoriness to 
mercurial diuretics suggested the presence of 
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pulmonary embcli, and a satisfactory diuresis 
with mercurials appeared to indicate that mul- 
tiple pulmonary embolization was not present. 
~ Digitalis Toxicity and Tachycardia. ‘The com- 
bination of digitalis toxicity and tachycardia 


evidence of acute cor pulmonale in the presence 
of congestive heart failure. 

Five patients in the embolism group and one 
in the control group had frank thrombo- 
phlebitis. 


TABLE II 





Pulmonary Embolism Group 











Control Group 














Condition Not ‘Not : 
Refractory Refractory Mercurials | Refractory | Refract ory Mercurials 
to Not to a Not 
Mercurials Micro sale Given Mercurials Morena Given 
Coronary artery disease........... 14 13 4 13 8 
Rheumatic heart disease.......... 17 sd 6 15 4 
Interstitial myocarditis............ 1 1 
32 15 10 28 12 
was present in twenty-six cases of the pulmonary COMMENTS 


embolism group and in seven cases of the con- 


trol group. Thus the coincidence of tachycardia . 


plus digitalis toxicity was well correlated with 
pulmonary embolization. (Table m.) 

Even more convincing was the association of 
tachycardia, digitalis toxicity and mercurial 


TABLE II 





Digitalis Intoxication 
plus Tachycardia 











Condition 
Pulmonary Control 
Embolism Grou 
Group P 
Coronary artery disease... 2l. 10 2 
Rheumatic heart disezse..... 15 5 
Myocarditis..............4. 1 
26 7 


fastness. This triad was almost invariably asso- 
ciated with pulmonary embolism. (Table tv.) 
The electrocardiogram presented distinctive 
evidence of acute cor pulmonale in only six 
patients in the pulmonary embolism group; no 
such evidence was noted in the patients in the 
control group. In four cases in each group a 
left-ward shift of the transition zone was noted. 
It would appear that this change is not reliable 


The inception of pulmonary embolism, par- 
ticularly in established congestive heart failure, 
is not always easy to appreciate. Few patients: 
have the characteristic association of pain, dysp- 
nea and hemoptysis. The following symptoms 
have been described as signalling the onset 


TABLE IV 


Mercurial Fastness plus Tachycardia plus 
Digitalis Intoxication 























Condition 
ced Me poenis MOST 
Group iven P iven 
Coronary actery 
disease. ........ 10 15 D 17 
Rheumatic heart 
disease. ........ _9 19 2 21 
Myocarditis....... 1 1 T 
20 | 35 | 2 38 
of this complication; these symptoms in- 


clude bcuts of palpitation and arrhythmias, 
syncopal attacks, recurrent and particularly 
nocturnal episodes of dyspnea, symptoms of 
acute anxiety, unexplained epigastric distress 
and anginal syndromes." 5.10.1! The association 
of these symptoms with chronic congestive 
failure has heretofore not been emphasized. 

This study calls attention to the possibility 
of another clue to this development, namely 
the triad of tachycardia, digitalis intoxication 
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and resistance to mercurial diuresis. Satisfactory 
diuresis with mercurials appears to indicate 
that multiple pulmonary embolization is not 
present. 
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finding and raay develop from four sources: 

(1) a break in the continuity of the 
respiratory tract:! (2) gas-forming infections;?~4 
(3) atmospheric or intra-abdominal air through 
a break in the skin, genitourinary tract or 
peritoneum;5-? (4) a rent in the gastrointestinal 
tract. The importance of considering the latter 
point of origin when making the differential 
diagnosis of the cause of subcutaneous emphy- 
sema merits emphasis because of the differences 
in treatment and orognosis. 

Two cases are presented of extensive sub- 
cutaneous emphysema arising from the intra- 
abdominal portion of the gastrointestinal tract. 
A review of the literature on this subject has 
been made and che reported cases tabulated. 
A discussion of the etiology, findings, mechanism 
of development and means of diagnosis is 
presented. 


NS emphysema is a common 


HISTORICAL OBSERVATIONS 


Abeille!? in 1853 was the first to describe a 
case of subcutaneous emphysema arising from 
the gastrointestinal tract. Von Reich!! reported 
a most unusual intestinal injury that was ac- 
companied by subcutaneous emphysema in 
1859. Demarquay! was the first to record this 
entity following rectal surgery in 1860. In the 
same year Ericksen and Tatum!’ described 
perineal emphysema from transrectal cystotomy. 
Roger! gave the first comprehensive review of 
the general subject of subcutaneous emphysema 
in 1862 and reported a case arisinz from tuber- 
culous enteritis with perforation. He cites 
Bouley and Reynal who observed subcutaneous 
emphysema in animals from perforation of the 
intestinal tract cue to ingested foreign bodies. 
Newman!* had a patient with a ruptured 
stomach and subcutaneous emphysema in 1868. 


Lediard!* in 1877 reported a case similar to that 
of Roger, of a patient who died from typhoid 
fever. Poensgen, Kussmaul and Von Reckling- 
hausen!” described a patient with perforated 
gastric ulcer and massive subcutaneous emphy- 
sema in 1879. 

Faber,'® Nelson,? Rankin and Judd,?? and 
Finnegan?! added cases to the literature between 
1885 and 1922. Vigvazo???* in 1926 did likewise 
and mentioned a number of French physicians 
(LaPointe, Okinczye, Dujavier, Dantin and 
Bonneaut) who had observed subcutaneous 
emphysema following appendectomies. Subse- 
quently, a number of cases were reported. 

The subject aroused a good deal of interest in 
the German literature in the 1920's, when the 
significance of subcutaneous emphysema as an 
almost pathognomonic sign of perforated peptic 
ulcer was emphasized. 

Át thz present time a review of the literature 
resulted in the collection of thirty-four cases 
which fall into this classification, to which we 
wish to add two. The original reports of Kappis”4 
and Kausche?? could not be located but they are 
briefly cited by Vigyazo.???3 


CASE REPORTS 


In January, 1954, massive subcutaneous 
emphysema developed after gastrointestinal 
surgery in two patients under our care. This 
complication caused us considerable alarm. 
Neither we nor any of our colleagues had ever 
witnessed such an event. These cases generated 
an interest in the subject when the unusualness 
of the condition was appreciated. 

Case 1. A seventy-seven year old white 
housewife was admitted to the hospital with a 
history of bilateral, cramping, hypogastric 


T Not listed in Index Medicus or Surgeon General's 
Report. 


* From the Departments of Medicine and Surgery of the Hollywood Presbyterian Hospital, Olmsted Memorial, 
Los Angeles, California. 
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Fic. 1. Case 1. Radiograph of the chest taken the day of appearance of the subcutaneous emphysema. The widened 
mediastinum and partial atelectasis of the lower lobes is due to the elevation of the diaphragm from abdominal disten- 
tion. Mediastinal emphysema is not present. The subcutaneous emphysema extends from the abdominal to the neck 


areas. 


Fic. 2. Case 1. Left lateral radiograph showing the subcutaneous air over the anterior chest, the maximum amount 


being present over the upper abdomen. 


abdominal pain, nausea, vomiting and progres- 
sive abdominal distention of five days’ duration. 
Oophorectomy with uterine suspension and 
elective appendectomy had been performed 
fifty years before. 

Physical examination revealed moderate de- 
hydration and a distended, non-rigid, tender 
abdomen with absent peristalsis. Blood and urine 
examinations were normal. Radiographic ex- 
amination of the abdomen showed classic 
findings of small intestinal obstruction. After 
Levin tube suction and intravenous fluid 
therapy, the abdomen was opened. Endo- 
tracheal anesthesia was used. 

There were multiple fibrous adhesions from 
the previous surgery. The ileum was markedly 
distended. In its distal third several loops were 
plicated by adhesions that obliterated the 
lumen. A 2 cm. oval antemesenteric area of 
intramural gangrene was present at the site of 
obstruction. The obstructed segment was re- 
sected en bloc and a side-to-side anastomosis 
performed. A 1 per cent solution of neomycin 
was placed in the lumen of the bowel and the 
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peritoneal cavity. The abdomen was closed in 
layers and three wire retention sutures placed. 
Drains were not inserted. 

The pathologic diagnosis was acute inflam- 
matory ebstruction of the small bowel with 
insular gangrene of the wall. 

Postoperatively the patient passed flatus and 
stool on the fourth day and was given full oral 
intake on the fifth day. She remained afebrile 
until a temperature of 101?r. was noted on the 
seventh postoperative day. Pyuria and hematuria 
were discovered on urinalysis at this time and 
antibiotic therapy was instituted. 

Sometime between the evening of the eighth 
and the morning of the ninth postoperative day, 
a slightly tender, diffuse, subcutaneous crepita- 
tion developed. This extended over the entire 
anterior abdominal and thoracic wall from pubis 
to the meck and laterally over the back to the 
infrascaoular region. There were no evidences of 
disruption of the pulmonary tree clinically. 
Roentgenographically there was neither medias- 
tinal emphysema, pneumothorax nor pneumo- 
peritoneum. (Figs. 1 and 2.) The ascending colon 
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was moderately distended. A dome-like pocket 
of gas was present in the superior portion of the 


incision. When this pocket was opened, gas with | 


the odor of hydrogen sulfide and approximately 
90 cc. of red-brown seropurulent fluid were 
released. Digital exploration. of the wound 
revealed that the anterior fascial repair was 
intact. However, in the fascia to the left and 
lateral to the rectus sheath and superior to the 
line of suture, a 2 cm. oval defect was felt. 
The diagnosis of fistula of the small bowel was 
apparent. Aerobic cultures of the purulent fluid 
revealed predominantly Aerobacter aerogenes; 
anaerobic cultures did not yield clostridium 
organisms. 

For the succeeding five days the patient had a 
low remittent fever which reached 100.6?r. 
There was no evidence of generalized peritonitis. 
Antibiotics, parenteral fluid and electrolyte 
therapy were continued. The subcutaneous 
emphysema gradually decreased. It disappeared 
in the areas of the neck and chest by the fifteenth 
postoperative day. Formed stool was passed 
per rectum on the seventeenth postoperative 
day. By the twentieth postoperative day the 
last remaining traces of the emphysema had dis- 
appeared both clinically and radiographically. 

Phlebothrombosis of the lower extremities 
developed and one episode of pulmonary 
embolism occurred on the twenty-second post- 
operative day. Anticoagulant therapy was 
instituted with an uneventful course thereafter. 
The patient was discharged ambulatory on the 
forty-eighth postoperative day with complete 
closure of the fistula. 

Comment. Fever on the seventh postoperative 
day undoubtedly was attributable to the devel- 
opment of the fistula and pyuria. The urine 
was normal, however, when the emphysema 
appeared two days later. The subcutaneous 
emphysema developed rapidly over a twelve- 
hour period and spread widely from its maxi- 
mum point in the anterior abdominal wall to the 
entire trunk and supraclavicular areas. The 
patient’s condition was largely unaltered by the 
emphysema. Exploration of the intact wound 
provided an immediate path of escape for the 
gas and the emphysema no longer progressed. 
Fever continued until the fourteenth postopera- 
tive day and was due principally to the infection 
at the site of the fistula, but may have been 
contributed to by the subcutaneous emphysema. 
During this time the emphysema gradually 
absorbed, in spite of the continuing infection at 
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the fistula site, and resolved completely by the 
twentieth postoperative day. 

The delay in appearance of the subcutaneous 
emphysema until the ninth postoperative day 
elimmated the possibility of a respiratory acci- 
dent during the endotracheal anesthesia. The 
absence of physical and radiographic signs of 
pneumothorax, fractured ribs, blebs and medias- 
tinal emphysema further exonerated the pul- 
monary tree. There was no roentgenographic 
evidence of retroperitoneal gas or pneumo- 
periteneum, and no subcutaneous tissue reac- 
tion or evidence of gas gangrene was noted. The 
dome-like pocket of gas at the wound site was 
ascribed either to the A. aerogenes infection in 
the area or to the gas from the fistula, or both. 
Although A. aerogenes can produce gas, the 
extent and rapidity of formation of the emphy- 
sema, the lack of subcutaneous tissue reaction, 
the absence of signs of toxicity or enteritis, and 
the subsequent course of the patient made in- 
fection with this organism as the primary cause 
of the emphysema highly improbable. 

We believe that the mechanism of production 
of the subcutaneous emphysema in this patient 
was primarily mechanical, i.e., a small bowel 
fistula broke through the parietal peritoneum, 
musculature and fascia, and finally connected 
with the subcutaneous space. Then the peristaltic 
action of the bowel, together with changes in 
intra-abdominal pressure, forced diffusion of the 
gas subcutaneously. Secondarily, the A. aero- 
genes infection in the fistulous tract and wound 
site may have contributed to the emphysema. A 
flap-like valve mechanism cannot be entirely 
excluded as a factor. However, we believe this 
highly unlikely in the gradually forming fistula 
as such flaps occur more commonly with sud- 
den, spontaneous or traumatic perforations of 
the intestine. 

Case rn. A sixty-six year old white housewife 
was admitted to the hospital with complaints 
that during the past year she had noted a pro- 
gressive decrease in the caliber of stools, oc- 
casional diarrhea and left lower quadrant 
abdominal pain almost daily. Diverticulosis of 
the colon was known to be present for ten years. 
Sigmoidoscopic examinations were essentially 
negative. There was no melena. Radiographic 
studies of the colon, in comparison with those 
done one year previously, showed that a con- 
stricted area of the proximal sigmoid colon had 
become more irregular, with a narrower lumen. 
Carcinoma of the colon was suspected. The 
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patient was prepared for laparotomy and proba- 
ble colon resection. 

Laparotomy was performed under spinal 
anesthesia through a left rectus incision. A very 
firm mass, consisting of the sigmoid colon, left 
ovary and distal half of the left fallopian tube, 
was found to be adherent to the base of the 
broad ligament. Several firm nodes were palpa- 
ble in the mesocolon. The mass was resected 
widely en bloc, including the mesocolon and 
peritoneum at the base of the broad ligament. 
End-to-end anastomosis was performed. The 
abdomen was closed in layers and four wire 
retention sutures were placed. Drains were not 
used. 

Pathologic study revealed chronic inflamma- 
tion with no evidence of malignancy. 

Postoperatively the patient became unco- 
operative and difficult to manage. She passed 
flatus and stools on the third day. A selected 
soft diet was started on the fourth postoperative 
day. During this time, however, tenderness in 
the left lower abdominal quadrant and a remit- 
tent fever up to 100*r. was noted. A left gutter 
cellulitis was suspected and antibiotic therapy 
instituted. Rectal examination on the thirteenth 
postoperative day revealed a bulging, tender 
mass in the left lateral supralevator quadrant. 

Under spinal anesthesia the rectal wall was 
incised. A soft hissing noise was heard of gas 
passing through the incision. Digital examina- 
tion through the wound revealed an ill defined 
space retroperitoneally and above the levator 
ani, and a fluctuant area in the cul-de-sac. 
The incision was extended into the cul-de-sac 
and 30 cc. of purulent fluid was immediately 
released. A soft rubber drainage tube was placed 
in the abscess cavity and sutured to the rectal 
wall. Cultures were not taken because of gross 
fecal contamination. 

On the evening of the day of operation the 
patient was restless and pulled out the rectal 
tube, in spite of the sutures. The temperature 
was 102?r. There was slight rectal bleeding 
throughout the first postoperative day. She 
complained of desire to defecate but attempts 
to pass even flatus were unsuccessful because 
of the pain and sphincter spasm. Slightly tender, 
diffuse subcutaneous crepitation was noted later 
in the day. 

The subcutaneous emphysema extended from 
the lower abdominal wall to the supraclavicular 
areas and into the dorsal and lumbar areas of the 
back. Radiographs of the chest showed traces of 
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air in the antedor mediastinum and the peri- 
toneal cavity. Fig. 3.) Additional roentgeno- 
grams the nex: day demonstrated an increase 
in the extent of the subcutaneous emphysema, a 
localized accumulation of gas in the left para- 
rectal sulcus ar.d retroperitoneal gas surround- 
ing the kidneys and psoas musculature. (Fig. 4.) 
Antibiotic therapy was intensified. A hard 
rubber drainage tube was placed high into the 
rectum. 

The patien"s temperature gradually de- 
creased to 99?s, in the next five days and re- 
mained normal thereafter. There were no 
complaints referable to the air beneath the skin. 
The subcutameous emphysema progressively 
absorbed so tiat by the twelfth postoperative 
day only traces remained and by the fifteenth 
postoperative day it was completely gone. 

On the nineteenth postoperative day, radio- 
paque medium: affirmed and defined the ischio- 
rectal supralevator cavity previously visualized. 
The next day a radial incision was made through 
the left side of the anus into the inferior portion 
of the cavity. Purulent, foul-smelling fluid was 
released. Laparotomy was then performed. 
Exploration cf the abdominal cavity revealed 
that the original anastomosis was intact and the 
mass in the cul-de-sac had disappeared. The left 
gutter area was well healed with no residual 
retroperitoneal gas. Pneumatosis intestinalis was 
not present. A defunctionalizing double-bar- 
relled colostomy was constructed. The patient’s 
course thereafter was uneventful and she 
became ambulatory and was discharged on the 
eleventh postoperative day. 

Comment. The fever which was present for 
thirteen days prior to the first rectal surgery 
was due to the localizing cellulitis in the left 
gutter area. Following the first rectal operation 
the patient fcrceably removed the drainage tube 
in spite of the sutures. This further aggravated 
the rectal sphincter spasm and made passage 
of stool and flatus impossible. While the tube 
was out, su»cutaneous emphysema developed 
and reached its maximum by the end of the 
second postoperative day. At this time a non- 
collapsible tabe was placed high in the rectum. 
This provided an easy exit for the gas in the 
bowel. Thereafter the emphysema no longer 
progressed. 

The temperature was increased less than one 
degree by these developments and decreased 
to normal within five days. The emphysema, of 
which the patient was hardly aware, gradually 
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Fic. 3. Case 11. Radiograph of the chest taken the day of appearance of the emphysema showing the subcutaneous gas 
extending from the neck to the abdominal area, principally on the right side. There are no signs of pulmonary dis- 


ruption. A faint trace of air is present in the mediastinum. 


Fic. 4. Case 11. Flat plate of abdomen showing the retroperitoneal and perirenal gas. The gas pocket in the left para- 


rectal sulcus is demonstrated. 


absorbed so that by the fifteenth postoperative 


day it was no longer detectable. The pocket of 


gas in the left pararectal sulcus became second- 
arily infected from the cul-de-sac abscess and 
subsequently had to be drained. 

The traces of gas in the anterior mediastinum 
were not corroborated by other physical or 
radiographic signs of pulmonary disruption. 
The presence of gas perirenally and retro- 
peritoneally suggested that the source of the air 
was inferior to these areas. 

The escape of gas on entering the retro- 
peritoneal space at the time of the first rectal 
operation is not easily explained but may have 
been due to atmospheric air entrapped in the 
dead space produced when the left gutter was 
reperitonized during the initial. abdominal 
operation. On entering the cul-de-sac purulent 
fluid was obtained but no escape of gas, nor 
were any gas bubbles mixed with the exudate. 
The absence of gas upon entering this abscess 
would seem to indicate very little if any gas 
formation at this site and certainly not sufficient 
to produce the subcutaneous emphysema. Fur- 
thermore the development of the emphysema 


very shortly following rectal surgery and not dur- 
ing the localizing phase of the infection seems 
more than coincidental. 

We believe that the mechanism of develop- 
ment of the subcutaneous emphysema in this 
case was primarily mechanical, i.e., the opera- 
tion produced a passageway from the lumen of 
the bowel to the retroperitoneal space. Then 
in the presence of a marked sphincter spasm 
great increases in the intraabdominal pressure 
from ineffectual attempts to pass flatus together 
with the peristaltic action of the bowel caused 
sufficient pressure. to force the gas into the 
retroperitoneal area. The air then diffused 
both transversely to the anterior abdominal wall 
and superiorly through the mediastinum to the 
supraclavicular and neck areas. Here, too, a 
flap-like valve action of the rectal incision could 
have occurred but this would not materially 
alter our hypothesis. | 


ANALYSIS OF TABULATED CASES 


Between 1853 and 1953, thirty-four cases of 
subcutaneous emphysema of gastrointestinal 
origin have been reported. Age of occurrence 
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Age, 


Author Sex Diagnosis 


Operation 
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Abeitle, 185319 24, M | Multiple perforations of } None (autopsy) 
colon; etiology undeter- 


mined 


Von Reich, 1859!! | 28, M | Traumatic perloration of | None (autopsy) 
intestine with disrup- 
tion of abdominal wall 
musculature; skin 


intact 









Course 


.Tumefaction in R.L.Q. 
with appearance of 
S.Q.* emphysema on 
14th day of illness; in- 
cision with release of 
fetid gas and purulent 
exudate; emphysema 
spread to entire body 
by 15th day; died 


Day after injury emphy- 


sema appeared on an- 
terior abdom:nal wall 
and spread tc nipple 
and inguinal .ines; died 
on 4th day after injury 


. Bacieriology 


None 


Nonc 
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Demarquay, 186012 | ?*, M 





Anal fistula Incision of fistula 


Tatum, 18603 72, M | Urinary retention due to | Cystostomy via 


urethral stricture rectum (autopsy) 


En Fete fH T — M Me! 


Ericksen, 186013 32, M | Urinary retention due to | Cystostomy via 
urethral stricture rectum (autopsy) 





Tuberculous enteritis 
with perforations of 
cecum and ileum with 
localized and general- 
ized peritonitis 


Roger, 186214 12, M None (autopsy) 


i D RR | —]ÓÓ— ái — M Aa ———HáÓ—— € À—MÓ—À 1 ——— AR 


Newman, 186815 30, M | Ruptured stomach, pneu- | None (autopsy) 
moperitoneum 







Emphysema developed 
in perineum, scrotum 
and lower abdomen 48 
hours postoperatively; 
gradually absorbed; 
recovered 


None 


Emphysema o: scrotum } None 


on ist day pcstopera- 
tively with extension as 
high as axilla by 2nd 
postoperative day; died 


Stormy with tachy- 
cardia, chills and delir- 
ium; emphysema ap- 
peared on 5ta post- 
operative dav over 
posterior thighs, flanks, 
right shoulder and arm 
to wrist 


Tumefaction in left side 


of abdomen with S.Q. 
emphysema on 11th 
day of illness; spread 
across abdomen and 
superiorly to involve 
the entire right side of 
body, neck ad face; on 
12th day pneumonia 
and death 


Violent vomiting; pocu- 


moperitoneum and 
S.Q. emphyzema in 
neck and right arm 14 
hours after cnset; em- 
physema increased 
before death :o include 
all of body except left 


| 





None 





None 





None 
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Lediard, 187716 21, F | Typhoid fever with per- 
foration of ileum and 


localized peritonitis 


None (autopsy) 


Stormy course; diffuse 
emphysema atarting 9th 
day and advancing to 
19th day—t1e day of 
death 


None 


M MM riri MÀ | —— MM M ÓÀ NNN MÀ MÓ —— MM Ü——— Y € I à HA ÜÍÀ i — —— | M MM — — M n 


Poensgen, ? Perforated ulcer of ? 
Kussmaul and cardia of stomach 
Von Reckling- 
hausen, 187917 
Faber, 188515 ? Perforated gastric ulcer |? 
Faisst, 192028 ? Anterior abdominal wall | ? 


laceration 








Emphysema of scrotum 


MM ——————— HÀ ÁÁÁÀ € — 


? 


Modus Operandi 


None offered; 2 points of 
perforation in cecum 
with localized peritoni- 
tis and fistula forma- 
tion; generalized 
peritonitis 


None offered; 3 inch rent 


through fascia and mus- 
cle of abdominal wall; 
peritonitis with perfo- 
rated ileum adherent to 
muscle wound 


Intrarectal dressing 
caused sphincter 
spasm; patient's efforts 
to pass flatus forced gas 
into S.Q. spaces 


None offered 


Valvular action of rectal 


flap; fecal odor to gas; 
retroperitoneal air in 
pelvis 


Adherence of ileum to 


anterior abdomen wall 
with perforation 
through adhesion and 
peritoneum and passage 
of gas to S.Q. spaces 


Linear abrasions of peri- 


toneum found at au- 
topsy; pressure of pneu- 
moperitoneum sufficient 
to cause diffusion of gas 
through these abrasions 
and then to subcuta- 
neous areas 


Walled off accumulation 


of feces with erosion of 
the anterior abdominal 
wall; perforated ileum 
in mass; gas diffused 
into S.Q. spaces 

Spread of gas through the 
esophogeal hiatus into 
the mediastinum, 
the neck and adjacent 


subcutaneous spaces 


Perforation into medias- 
tinum with spread of gas 
into neck, etc. 

Perforation of ulcer in 
loop of small intestine in 
area of abdominal wall 
injury 





* S.Q, = subcutaneous. 
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Author Sex Diagnosis Operation Coursz Bacteriology 
Nelson, 192019 54, M | Intestinal obstruction Laparotomy No perforatior dis- None 
pneumoperitoneum covered; tube drainage 
of pneumoperitoneum; 
recovered 
Rankin and Judd, | 46, M | Vesicocolic fistula due to | Colostomy 8th postoperat.ve day None 
1922120 perforated diverticulum gas in scrotum; colos- 
of colon with obstruc- tomy then opened; no 
tion of colon emphysema oa abdomi- 
nal wall; benizn course; 
survived 
Finnegan, 1923% 1 42, M | Traumatic (pneumatic) | None No pneumope-itoneum; | None 
rupture of rectum survived 
*Kausche, 1923?» |? Perforation of posterior |? Phlegmonous mflamma- | None 
wall duodenal ulcer tion with subzutaneous 
emphysema 
*Kappis, 1924?* ? Postoperative perfora- |? Anterior wall emphy- None 
tion of bowel sema 
Vigyazo, 192631 52, M | Perforated anterior wall | Perforation closed | Emphysema present on | None 
duodenal ulcer lesser admission in umbilical 
curvature arca; slight fever and 
tachycardia; -esolution 
of emphyseme in 1 day; 
recovered 
Vigyazo, 192622 ? ? Gastroenterostomy | Benign emphysema gone | ? 
in a few days; recovered 
Vigyazo, 192622 ? Appendicitis Appendectomy Benign S.Q. emphysema | ? 
disappeared in a few 
days; recovered 
Podlaha, 192627 73, M | Perforated gastric ulcer | Perforation closed | Benign; emphysema re- | None 
in cardia solved in 5 days; 
recovered 
Korach, 192728 36, M | Perforated gastric ulcer None (autopsy) Emphysema present on | None 
, on lesser curvature admission; died 
Speed, 19317 50, M | Fracture of right rami of Incision and drain- | Rapid development of | None 
ischium; rupture of age ofischiorectal | scrotal and sudcutane- 
ampulla of rectum; abscess . ous emphyserca; em- 
fracture of sacrum physema gone on 25th 
day; recovered 
Barrington and 52, M | Intestinal obstruction None (autopsy) Emphysema of left thigh | Bacillus coli 


Gardham, 193235 and emphysematous 


gangrene of left leg 


from Poupart’s liga- 
ment to knee and scro- 
tum on admission; died 
3 hours afterward and 
on 5th day of illness 


Gruca, 19333! ? Acute phlegmonous Appendectomy R.L.Q. emphysema pres- | ? 
appendicitis ent on admission 


* Original reference not available to us. Cited by Vigyazo.3?.23 
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Modus Operandi 





None offered 


Secondary perforation of 


colon into abdominal 
wall with passage of gas 
down into scrotum 


Rapid spread of air up 


retroperitoneal spaces 
to neck and supra- 
clavicular spaces 


None 


Pneumoperitoneum with 


passage of gas through 
traumatic holes or 
breaks in parietal pneu- 
moperitoneum and then 
into subcutaneous 
spaces 

(1) Gas into the sub- 
serosal area to the retro- 
peritoneal.area then to 
the anterior abdominal 
wall; (2) gas passing 
into leaves of hepato- 
duodenal ligament into 
the periportal tissue and 
then via the round liga- 
ment to the periumbili- 
cal area; (2) a pro- 
jectile-like passage of 


gas via the route in (1) 


Emphysema first ap- 


peared in supraclavic- 
ular areas; spread via 
esophageal hiatus and 
mediastinum 


Emphysema periumbili- 


ca] first and rapidly ad- 
vanced, even after 
death; gas burned with 
blue flame and said to 
be hydrogen 


Minute traumatic per- 
foration of rectal am- 
pulla with passage of 
fas into the scrotum and 
then into §.Q. spaces in 
area of right iliac crest 
and thigh 


Perforation of descend- 


ing colon into retro- 
peritoneal area; 
gaseous necrosis of mus- 
cles of thigh, iliacus and 
psoas 
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Author 


Jaumecker, 194133 


Hasselbach, 194134 
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Brown and Hinton, 
194635 
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Dawson and 
Hardy, 194836 


McCorkle and 


Stevenson, 
1937?2 


Age, ; : 
Sex Diagnosis 








67, M.| Carcinoma of left colon 


67, M | Inoperable carcinoma of 
sigmoid colon 


47, M | Papillary cystadenocar- 
cinoma of sigmoid colon 


73, F | Diverticulitis with em- 
physema and cellulitis 


n 


62, M | Perforated anterior wall 
duodenal ulcer 


TABLE 1 (Continued) 


Operation 


Resection with 
side-to-side 
anastomosis 


Exteriorization of 


colon with cau- 
tery, perforation 
of proximal loop 


Resection of colon; 
reperitonealiza- 
tion of left lumbar 
gutter not possi- 
ble 


Excision of neuro- 
fibroma; incision 
of subcutaneous 
abscess; colos- 
tomy (autopsy) 


Closure of perfora- 


tion 


Course 


Benign course; 2nd post- 
operative day emphy- 
sema in S.Q. tissces; 
fistula then formed and 
spontaneously healed; 
emphysema absored in 
3 weeks; recovered 

S.Q. emphysema in 6 
hours after cauteriza- 
tion; afebrile; em3hy- 
sema gone by 17tk. post- 
operative day; survived 


Febrile with peritcnitis; 
S.Q. emphysema on 
11th postoperative day; 
pneumoperitoneum on 
21st postoperative day; 
emphysema gone on 
24th postoperativ2 day; 
recovered 


Developed left inguinal 
abscess with crep.tant 
cellulitis in thigh and 
perineum; afebrile; 
frothy, foul pus; fecal 
fistula developed; par- 

- tial obstruction of colon 
—colostomy; general 
peritonitis 


Pneumoperitoneum and 


emphysema of medias- 
tinum, neck and chest 
wall postoperatively; 
peritonitis; died 8th 
postoperative dave 


Bacteriology 


None 


None 


B. coli communior; 
non-hemolytic 
Streptococcus. | 


B. coli; Strepto- 
caccus fecalis 


None 
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Jeinrichs, 195139 


38, F | Foreign body giant cell 
granuloma of rectum, 
due to injected lipoidal 
substance 
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59, M. | Appendicitis; Meckel’s 
diverticulum 


50, F | Inflammatory tumor of 
pelvis with stenosis of 
sigmoid colon 


Jorgstróm, 195349 | 66, F | Fecal polyps and trau- 


matic perforation 


Local resection 


tlon 


Appendectomy; 
resection of 
Meckel’s diver- ' 


Drainage; resec- 
tion of sigmoid; 


. end-to-end anas- 
' tomosis and right- 


sided colostomy 


Diagnostic biopsy 


via proctoscope; 
closure of per- 
foration 


Fever, abdominal disten- 
tion; stool per rectum; 
S.Q. emphysema on 
3rd postoperative day; 
laparotomy; gas in sub- 
peritoneal tissues and 
mesentery of colcn; 
S.Q. emphysema gone 
6th postoperative day; 
recovered . 


Localized pocket of em- 
physema in gluteal 
muscle; benign; re- 
covered 

Uneventful emphysema 
gone in 2 days; re- 
covered 


24-hour pain in chest 
and cyanosis; no chest 
findings; 48-hou:zs later 
emphysema in neck and 
thorax (3rd postopera- 
tive day); emphysema 
absorbed in about 14 
days; recovered 


Rapid onset of em-phy- 


sema; fever; abdominal 
distention; emphysema 
gradually disappeared; 
recovered 


No anaerobic 
growth; B. coli 
enterococcus 


`B. coli 
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Modus Operandi 





Perforation of bowel; gas 
to wound site via fistula 
and then to S.Q. spaces 


(1) Suture perforation 


with leak into S.Q. 
space; (2) deep acci- 
dental cautery perfora- 
tion with S.Q. leak; (3) 
too firm a dressing 
over exteriorized loop 
causing gas to go into 
S.Q. spaces , 


Infection due to leakage 


of anastomosis with gas 
production and finally 
fistula formation 


Perforation of diverticu- 


lum into pelvic retro- 
peritoneal area; second- 
ary superficial cellulitis 
followed by fistula 
formation 





Pneumoperitoneum with 
spread via the medias- 
tinum to the neck and 
thorax; no retroperi- 
toneal air or gas in 
ligamentous tissue 
noted at surgery 


Diffusion of gas from in- 


.testinal lumen along 
rectovaginal or retro- . 
rectal tissues to mesen- 
teries; then diffusion 
through thinned-out 


. portions of fascia to 


S.Q. position 


Leakage of suture with 


resulting pneumoperi- 
toneum with diffusion 
into S.Q. tissues 


Leak of suture line with 


passage of gas into 
retroperitoneal area at 
site of anastomosis and 
then up mediastinum 
into neck 


Entrance of air into the 


retroperitoneal space 
and subsequent spread 
via mediastinum to the 
neck area and over 
thorax 
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ranged from twelve years to seventy-three years. 
Well over one-half of the patients were males. 
The exact rate of incidence is unknown. 
(Table 1.) 

The etiologic diagnoses were diverse but in all 
instances the intestinal tract was perforated, 


TABLE I 
ETIOLOGIG DIAGNOSES 


No. of | Per cent 
Cases | of Total 


TE mma n HÀ ÀÀ—. 


Perforated peptic ulcer 
‘Trauma 

Enteritis 

Intestinal obstruction 
Diverticulitis 

Appendicitis 

Carcinoma 

Anal fistula 

Miscellaneous and unknown 


ho bo 
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“ID 00 Mm come & 
C. «o oo C5 O3 CO OO an C^ 


— 


although Nelson was unable to determine the 


site of the perforation. The principal diagnoses 
were perforated peptic ulcer in seven cases 
(20.6 per cent); traumatic perforation in seven 
cases (20.6 per cent); appendicitis in three cases 
(8.8 per cent); carcinoma and intestinal ob- 
struction, each three cases (8.8 per cent); 
diverticulitis and bacterial enteritis in two cases 
each (5.8 per cent); one instance of anal fistula 
(2.9 per cent) and miscellaneous diagnoses six 
cases (17.6 per cent). (Table m.) 

The large intestine was the most frequent site 
of perforation, with nineteen cases (55.9 per 
cent) falling into this category. The stomach was 
involved in six cases (17.6 per cent); the duo- 
denum in three (8.8 per cent); the jejunum 
or ileum in four (11.6 per cent); the appendix 
in three (8.8 per cent); the colon in eight 
(23,2 per cent); the rectum or anus in eight (23.8 
per cent), and unknown sites in two cases 
(5.8 per cent). (Table mt.) 

The correlation between the site of first ap- 
pearance of the subcutaneous emphysema or the 
area of maximum involvement and the site of 
perforation in the intestinal tract is note- 
worthy. Emphysema of the anterior abdominal 
wall was associated with perforation of the 
small intestine in 4 cases, appendix in 3 and colon 
in 5. Emphysema of the scrotum, perineum 
or thigh was usually associated with tears in the 
anorectal area or.colon.* Supraclavicular em- 
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physema was most common with perforated 
gastric ulcers. (Table tv.) 

In nineteen cases (55.9 per cent), the sub- 
cutaneous emphysema occurred before surgery 
and provided an additional sign for diagnostic 
evaluation. Fifteen (44.1 per cent) of the cases 


TABLE III 
ANATOMIC SITE OF PERFORATION 


No. of | Per cent 
Cases | of Total 





mta ree enini 


Stomach 
Duoderum 
Jejunura and ileum 
Appencix 

Colon 

Rectum and anus 
Unknown 


Mw OOH . t9 OH 


| 
TABLE IV 
RELATIONSHIP OF AREA OF FIRST APPEARANCE OF 
EMPHYSEMA TO SITE OF PERFORATION 


Anterior | Perineum, Supra- 

O-gan Abdominal | Scrotum clavicular Other 

Wall or Thigh | or.Neck Area Areas 
Stomach 2 0 4 0 
Duodenum 1 0 i 1 
Ileum or jejunum 4 1 0 0 
Appendix 3 0 0 0 
Colon 4 3 1 0 
Rectum cr anus 0 4 2 2 
Unknowr 0 0 0 1 


developed postoperatively. The most common 
preoperative causes were perforated peptic 
ulcers, seven cases (20.6 per cent); traumatic 
perforation, five cases (14.7 per cent) and ap- 
pendicitis, three cases (8.8 per cent). After 
surgery the subcutaneous emphysema occurred 
most cften as a direct result of the operation or 
following leakage of suture lines, fistulas or 
peritonitis. (Table v.) 

Infection preceded the occurrence of sub- 
cutaneous emphysema in sixteen cases (26.4 per 
cent]. There was no apparent infection before 
the development of the emphysema in eighteen 
patien-:s (53.0 per cent). In all of these latter 
patienzs emphysema developed within forty- 
eight nours after the onset of their illness or 
operation. Twelve of the sixteen cases with in- 
fection required from forty-eight hours to 
fourteen days for the emphysema to appear. 
(Table v.) 

In none of the cases, with the exception of 
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Kausche,?* Dawson’! and Hardy and possibly 
Abeile,!? was mention made of skin or sub- 
cutaneous tissue reaction. The cultural results 
are tabulated. There were no unusual organisms 
found—only those one might expect in any 
gastrointestinal tract. No one reported isolation 
of members of the clostridium group. 


TABLE V 
RELATIONSHIP OF EMPHYSEMA TO ONSET OF ILLNESS OR 
SURGERY AND INFECTION 





Per 
No; cent 
of 
Cases oe 
Total 
Emphysema before surgery 19° 1.55.9 
Emphysema after surgery 15 | 44.1 
Pre-existent infection before emphysema | 16 | 26.4 
No infection before emphysema 18- | 53.0 
Emphysema within 48 hours of surgery or 
iliness 22 | 64.7 
With infection 4 | 11.6 
Without infection 18 53.0 
Emphysema after 48 hours of surgery or 
illness 12° 1.35:2 
With infection 12. 1-359 
Without infection 0 0.0 
The extent of subcutaneous emphysema 


ranged from a localized process a few centimeters 
in diameter to massive involvement of the 
trunk, neck and face. The degree of emphysema 
bore no apparent relation to the diagnosis. In 
most instances the emphysema was not massive. 
The period of resolution of the emphysema was 
roughly dependent on its maximum extent and 
complete absorption took from twenty-four 
hours to three weeks. Sequelae attributable to 
the emphysema were not reported. 

The course of the patients was quite variable. 
The subcutaneous emphysema itself produced 
no set pattern of clinical response. Many of the 
patients had a slight elevation of temperature 
and an increase in pulse rate for a day or two. 
The course and prognosis was more dependent 
on the basic nature of the disease or postopera- 
tive complication. 

Seventeen (50.0 per cent) of the reported 
cases survived and eleven (32.4 per cent) of the 
patients died. In six cases the outcome is un- 
known but probably one of these patients also 
survived.?! In only one of the nine cases reported 
since 1938 did the patient succumb. 

The explanations of the mechanisms as 
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offered by the various authors are briefly listed. 
À more detailed discussion of the mechanism of 
development of subcutaneous emphysema de- 
rived from an analysis of the reported cases, our 
experience with two patients and more recent 
physiologic considerations follows. 

Cases of subcutaneous emphysema due to 
postlaparotomy pneumoperitoneum have been 
reported by Baumecker? and others9?*/241! but 
are not truly of gastrointestinal origin and are, 
therefore, not included here. 


POSTULATED MECHANISM 


The pathogenesis of subcutaneous emphysema 
of gastrointestinal origin is dependent on three 
basic factors: perforation of the bowel; an 
adequate pressure gradient between the lumen 
of the bowel and ultimately the subcutaneous 
space; and the anatomic site of perforation. 
Infection, if present, may be an additional factor. 

Perforation of the intestinal wall may occur 
after peptic ulceration, infection, chemical, 
mechanical, irradiative, pneumatic and surgical 
trauma and neoplasia. These are selfexplanatory 
and need no elaboration. Partial perforation 
with subsequent intestinal pneumatosis is not 
discussed here.’ 

Accurate pressure recordings in the lumen 
of the intestine and the adjacent abdominal 
cavity have revealed that peristaltic movements 
produce large pressure gradients between these 
areas. Such gradients are sufficient to perforate 
weakened portions of the wall and discharge 
intestinal contents into the abdominal cavity 
or retroperitoneal space. Expulsion of intestinal 
content at pressures exceeding atmospheric is 
possible by the contractions of the intestine 
alone, as evidenced by the regurgitation of 
gastric fluids or the involuntary passage of 
flatus or feces. The intra-abdominal pressure 
may be greatly increased by the contraction of 
the diaphragmatic and abdominal muscles. ‘This 
increased pressure is transmitted to the contents 
of the intestinal tract and promotes their 
evacuation, especially at sites of perforation 
when the sphincters are intact, ?. 44 

Resistance of the tissues to diffusion of gas 
varies with their density. Solid parenchymatous 
organs and serous membranes have a relatively 
great resistance to the diffusion of air, whereas 
loose areolar and fascial structures readily 


allow the passage of gas. If the latter types of 


tissue are adjacent to a perforation in the 
intestinal tract, a relatively great pressure dif- 
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ferential is established and emphysema may 
develop. In postoperative cases the pressure 
gradient may be enhanced by the presence of 
"dead spaces." In addition mcvement of the 
tissues. in the wound site and in proximity to 
an intestinal perforation may increase the pres- 
sure differential and promote development of 
subcutaneous emphysema.* 

The anatomic site of perforation largely 
determines the route of escape of the gas to the 
subcutaneous position. Gastric ulcers, par- 
ticularly in the cardia, may perforate directly 
into one of the diaphragmatic hiatuses, tissues 
contiguous with them, or the retroperitoneal 
space. This would allow diffusion of the gas via 
the mediatinum to the supraclavicular and 
upper anterior chest areas. With partial per- 
forations gas may pass from a subserous position 
to the aforementioned structures. Podlaha?” 
placed hydrogen peroxide beneath the serosa of 
the cardia of the stomach and observed the gas 
to pass via the paraesophageal ligaments to the 
aortic notch and then into the mediastinum and 
supraclavicular area. 

Subcutaneous emphysema due to perforations 
of anterior wall duodenal ulcers may develop 
by several routes. Podlaha’ showed by the 
injection of hydrogen peroxide into the sub- 
serosa in the area of the pylorus that the gas 
bubbles passed to the hepatoduoder.al and round 
ligaments and then to the periumbilical sub- 
cutaneous position. As proposed by Vigyazo,???3 
a flap-like valve perforation could allow gas in 
the subserosal area to move posteriorly around 
to a retroperitoneal position, and from there 
to subcutaneous spaces of the anterior abdominal 
wall. A very sudden projectile force, and without 
a valve action, could produce emphvsema by the 
same route. Posterior duodenal ulcers which 
have perforated allow the gas to enter the 
retroperitoneal position and then diffuse trans- 
versely to the anterior abdominal wall (the 
patient is usually lving supine in bed) or via the 
mediastinum to the areas at the base of the 
neck. | 

It has been observed that when the small or 
large intestine has been perforated the emphy- 
sema most often appears first on the anterior 
abdominal wall and is usually maximum close to 
the site of perforation. This is certainly true in 
acute appendicitis, and perforations of the colon 
ordinarily follow this same pattern. However, as 
in the cases of Rankin and Judd,?? and others,?9.3$ 
the emphysema may first become apoarent in a 
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distant area, e.g., scrotum or thigh. The usual 
route of exit of the gas from the bowel is directly 
throuzh a pathologic defect in the parietal 
peritcneum or tissues contiguous with this defect 
into tne intermuscular planes and subcutaneous 
spaces. Rarely, the gas may pass from the sub- 
serous position between the leaves of the 
mesentery to the root of the mesentery retro- 
peritoneally and then. to the subcutaneous 
positicn. 37.45 

When the perforation occurs in the anorectal 
area, the gas passes either to the anterolateral 
retroperitoneal space or to the retrorectal area. 
From these positions it may pass via the inter- 
muscu.ar planes to the subcutaneous areas of the 
perineum, scrotum, buttocks or lower abdominal 
wall; or superiorly through the paravertebral 
retroperitoneal tissues into the mediastinum 
and then into the supraclavicular and neck areas. 
Defects above the line of the pelvic reflection of 
the peritoneum may in addition produce 
pneumoperitoneum. 

The development of subcutaneous emphysema 
associated with pneumoperitoneum is difficult to 
comprehend. In postlaparotomy cases the 
emphysema has been explained by Baumecker' 
and others®®44,46 as due to diffusion of the air 
through the suture holes, inadvertent tears in the 
parietal peritoneum and/or slow healing of the 
peritoneum. McCorkle and Stevenson?? pro- 
posed in their case that the gas in the abdominal 
cavity traversed into the mediastinum but they 
found no gas in the ligamentous structures. With 
sufficient gas pressure in the abdominal cavity 
it would be anatomically possible for the gas to 
escape through the loose areolar tissue in the 
paraesophageal area into the mediastinum. As 
has been shown in dogs, a thinned-out parietal 
peritoneum at the internal inguinal ring or in a 
hernial sac, if present, could be other possible 
routes.*? It has been ascertained that therapeutic 
as well as postoperative pneumoperitoneum is 
rarely complicated by subcutaneous emphy- 
sema.‘ [ts occurrence must depend on some 
area in the parietal peritoneum being unusually 
thin or weak and easily, perhaps minutely, 
ruptured by the pressure of the gas in the ab- 
dominal cavity. 

Infection plays a part in the development of 
subcutaneous emphysema in two ways. First, 
infection may cause perforation of the bowel, 
as in typhoid fever, and lead to local or general- 
ized peritonitis with fistula formation. It may 
complicat2 any intestinal surgical procedure 
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with similar results. Second, certain bacilli may 
be gas-forming and contribute in varying 
degrees to production of the emphysema. 

Most of the enteric organisms and also anaero- 
bic staphylococci have the ability to produce gas 
in the presence of glucose. Exceptions are 
Salmonella typhosa, the shigella group and 
Pseudomonas aeruginosa together with staphylo- 
cocci and streptococci within the intestinal 
tract, which do not produce gas with the com- 
mon sugars.*® The latter, therefore, need not be 
considered as a direct cause of subcutaneous 
emphysema. 

The saprophytic clostridial organisms are 
capable of maintaining themselves in the 
intestinal tract of man. Some authorities indi- 
cate that Clostridium perfringens (welchii) is 
invariably present in normal human feces.9? The 
production of fibrinolysins, hyaluronidase, 
collagenase and the toxic enzyme lecithinase by 
these bacilli promotes the passage of gas through 
the fragmenting connective tissue surrounding 
the muscle bundles and in the subcutaneous 
space and produces the entity of gas gangrene. 
Its occurrence has been reported after gastro- 
intestinal and other surgery, but this is rare. It 
is much more commonly associated with trauma 
when the almost essential factors of shattered 
tissue and contamination with soil or other 
foreign material is present.?? 

Certain clinical observations seem to relegate 
infections with gas-forming organisms to no 
more than a contributory role in the production 
of subcutaneous emphysema. Frequently the 
amazing speed with which emphysema occurs 
and the volume of gas necessary for its wide- 
spread distribution is much beyond the biologic 
capabilities of such organisms. Also, the gradual 
resolution of the emphysema in the presence of 
continuing infection, its occurrence only after a 
disruption of the bowel, the benign nature of the 
emphysema, and its progression despite the 
susceptibility of many of these organisms to 
intensive antibiotic therapy would all seem to 
support the hypothesis that infection is not 
the principal cause of subcutaneous emphysema. 
The primary requirement is the presence of an 
adequate pressure gradient between the lumen 
of the bowel and tissues adjacent to the perfora- 
tion capable of transmitting air. 

Perforation of the intestinal tract occurs com- 
monly. Why then is the complication of sub- 
cutaneous emphysema so rare? Several factors 
may be the explanation. The site of perforation 
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may not be zontiguous to loose areolar tissue or 
adhesions, or ligaments capable of transmitting 
the gas. Ápoarently in most cases the gradient 
between tke intraluminal gas pressure and the 
tissue resistance to the spread of the gas is insuf- 
ficient to allow emphysema to develop. The 
resistance of the sphincters at the normal routes 
of escape may be less than that of the tissues at 
the potental site of emphysema formation. 
Rapid healing of the site of perforation may 
prevent pessage of sufficient gas to produce 
clinically detectable emphysema. Also, in the 
case of fistu.a formation the skin breakdown may 
be rapid aad thereby allow a direct and easy 
exit for the gas. Certain therapeutic measures, 
such as rectal and gastric tubes and prompt 
opening cf wound infections, facilitate passage 
of gas thra.igh these routes rather than into the 
tissues surrounding the perforation. Use of 
antibiotics postoperatively tends to prevent and 
eliminate infection which would cause the 
complications necessary to allow the develop- 
ment of subcutaneous emphysema. 


DIAGNOSIS 


The diagnosis of the cause and source of sub- 
cutaneous emphysema may be established from 
the history of the patient, nature of the surgery 
or injury, if any, characteristics of the emphy- 
sema, abcominal findings and elimination of the 
respiratcry tree as the site of the disturbance. 

In questioning the patient particular refer- 
ence mus: be made to those conditions leading to 
perforaton, among which peptic ulcer, ap- 
pendicits, diverticulitis, ingestion of foreign 
bodies ar.d bacterial enteritis are the most com- 
mon. As a postoperative complication sub- 
cutaneous emphysema is most likely to occur 
after operation or injuries which perforate 
or interrupt the continuity of the bowel. If in- 
fection is present at the time of surgery, dis- 
ruptior of suture lines and fistula formation 
must bə considered as further instigating 
complications. 

The rate of development of emphysema gives 
one a clue as to the pathogenesis of the perfora- 
tion. A rapid diffusion of subcutaneous emphy- 
sema over a period of minutes to forty-eight 
hours acter operation or the onset of the illness 
indicates a spontaneous or mechanical per- 
foration of the bowel as the cause. Subcutaneous 
emphysema developing from forty-eight hours 
to dave after the beginning of the illness or 
postoperatively is most likely due to an under- 
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lying infection which has caused perforation 
with peritonitis or fistula formation. 

The first site of appearance or area of maxi- 
mum development of subcutaneous emphysema 
suggests the approximate anatomic level of 
perforation of the bowel. Localized periumbilical 
emphysema is almost pathognomonic of per- 
foration of an ulcer at or near the pylorus. 
Supraclavicular and neck emphysema with 
or without more extensive involvement of the 
trunk points first to a tear in the rectal area and 
secondly the perforation of a posterior duodenal 
ulcer. Gastric ulcer with perforation in ap- 
proximation to one of the diaphragmatic hiatuses 
also must be considered in this situation but is 
rare and comprises only 1 to 2 per cent of all 
perforated ulcers. Localized or subcutaneous 
emphysema maximal on the anterior abdominal 
wall, in the absence of wound infection, indicates 
the small intestine or colon as the site of the 
defect. When the emphysema is greatest in the 
perineum, gluteal area, scrotum, thigh or lower 
abdominal wall, a tear in the anus or rectum is 
most likely. 

Perforation of the intestinal tract within the 

peritoneal cavity gives rise to abdominal find- 
ings of localized or generalized peritonitis, 
pneumoperitoneum, tumefaction or fistula for- 
mation. These signs are usually absent when the 
rectum or anus is perforated and mav be so with 
posterior duodenal or gastric ulcers. Roent- 
genographic examination of the abdomen is 
invaluable in determining the presence of 
retroperitoneal gas. The use of the proctoscope 
will define the exact site of the perforation in the 
lower bowel. 
. lt has been observed repeatedly in patients 
and proved in dogs that air beneath the skin is 
itself a benign condition." McNab*? reported a 
"child who lived ten years with generalized 
subcutaneous emphysema. Ordinary subcuta- 
neous emphysema causes practically no tissue 
reaction. One may expect the patient to show a 
slight increase in temperature and ulse rate 
with the development of subcutaneous emphy- 
sema. More than this must be explained by other 
pathologic processes. 

The rare possibility of gas gangrene must be 
considered. Its diagnosis rests primarily on 
clinical grounds. Black, friable, necratic tissue 
with a surrounding zone of erythema, a foul 
discharge containing bubbles of gas, signs of 
increasing toxicity, progressive advance of the 
emphysema and radiographic demonstration of 
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gas bubbles in the muscle bundles are the chief 
diagnostic characteristics of gas gangrene. The 
mere presence of Cl. perfringens, Clostridium 
novyi or other members of the group, as demon- 
strated on stained smears or culture, does not 
necessarily lead to and therefore indicate the 
existence of gas gangrene.* 

In any event the respiratory trees must be 
freed of suspicion as the originating site of the 
emphysema.9? The patient must be questioned 
as to causes of sudden increases in intrapulmonic 
pressure such as vomiting, straining at stool, 
cough and thoracic injury. The presence or 
absence of an infection in the respiratory tree 
must be determined. A search for ulceration of 
the oropharynx, trachea or esophagus should be 
made, particularly postoperatively when endo- 
tracheal anesthesia has been used. The presence 
of physical and radiographic evidence of 
atelectasis, pneumothorax, mediastinal widen- 
ing or thoracic injury usually indicates that the 
emphysema is arising from a break in the 
pulmonary tract. 

Subcutaneous emphysema of respiratory ori- 
gin is most often limited to the face, neck, 
supraclavicular and upper thoracic areas. 
Emphysema in other areas makes the gastro- 
intestinal tract a more likely source. In some 
cases there may be evidence of mediastinal 
emphysema clinically or radiographically which 
would tend to confuse the issue. However, in 
these situations the history, absence of other 
signs of respiratory disease, presence of abdomi- 
nal signs compatible with perforated viscus, and 
proctoscopic examination will give one the 
correct diagnosis of the site of origin of the 
subcutaneous emphysema. 


TREATMENT AND PROGNOSIS 


Subcutaneous emphysema of gastrointestinal 
origin requires little or no treatment. The pa- 
tients have practically no subjective complaints 
referable to the emphysema. If the emphysema 
should increase progressively and cause con- 
strictive symptoms and findings in the neck or 
thorax, tension pneumothorax must again be 
ruled out. If treatment of the emphysema is 
deemed necessary, mild sedation and prophy- 
lactic gas bacilus antitoxin may be used. 
Multiple incisions or punctures of the skin were 
abandoned long ago. Therapy must be directed 
primarily toward the cause of the emphysema 
within the abdominal cavity as the prognosis of 
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the patient will depend on the skillful manage- 
ment of the perforated viscus. 


SUMMARY AND CONCLUSIONS 


1. A review of the literature on subcutaneous 
emphysema of gastrointestinal origin is pre- 
sented, together with a tabulation of thirty-four 
previously reported cases. 

2. Two additional cases are described. In one 
instance the subcutaneous emphysema devel- 
oped from a small bowel fistula; in the other, 
rectal surgery had been performed. 

3. An analysis of the cases in the literature is 
made, indicating the relationship of age, sex, 
diagnosis, areas of emphysema, sites of perfora- 
tion, course of the patient and bacteriology. 

4. The occurrence of subcutaneous emphy- 
sema arising from the gastrointestinal tract is 
most unusual. Its exact rate of incidence is 
unknown. . 

5. "The -physiologic considerations, anatomic 
routes of escape of the gas to the subcutaneous 
position and role of infection are discussed. 

6. 'Fhe presence of subcutaneous emphysema 
as an aid in the diagnosis of perforation of various 
levels of the gastrointestinal tract and its 
significance as a pathognomonic sign in per- 
forated peptic ulcers are defined. 

7. The benignity of subcutaneous emphysema 
and dependency of the prognosis on the basic 
underlying condition are indicated. 

8. The treatment of subcutaneous emphysema 
of gastrointestinal origin is expectant and 
symptomatic. Therapy must be directed pri- 
marily toward the more serious intraabdominal 
perforation. 
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Association of Antibody-coated Red Blood 
Cells with Ulcerative Colitis 


Report of Four Cases 
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New York, New York 


HE anemia frequently associated with 
| ulcerative colitis is ordinarily attributed to 
chronic blood loss and diminished eryth- 
ropoiesis secondary to chronic infection.!* There 
is the further possibility that an additional auto- 
immune hemolytic component occurs in some 
patients. We have recently had the opportunity 
of observing four patients with ulcerative colitis 
in whom a positive direct Coombs reaction” was 
in fact, demonstrated. This article is a report of 
these cases, with a discussion of the possible 
relationship between the antibody-coated red 
cells and the intestinal disorder. 


CASE REPORTS 


Case 1. Mrs. L. S. (No. 19691), a twenty-eight 
year old Negro, was admitted to The Mount Sinai 
Hospital December 11, 1953. The patient had been 
in good health until one year prior when frequent 
bloody bowel movements developed. Five months 
later because of an exacerbation of symptoms, asso- 
ciated with marked anemia, she received four blood 
transfusions at another hospital. Six weeks before 
admission a severe relapse occurred and three days 
prior to admission nausea and vomiting developed. 

On physical examination the patient appeared 
pale and chronically ill. The findings were otherwise 
within normal limits. No icterus was present. 

Blood examination revealed a hemoglobin of 8.2 
gm. per cent; red cells, 2.94 million per cu. mm.; 
hematocrit, 26 per cent; red cell indices, M.C.V. 89, 
M.C.H. 28, M.C.H.C. 31; white cells, 18,300 with 73 
per cent neutrophils, 6 per cent band forms, 17 per 
cent lymphocytes and 4 per cent eosinophils; platelets, 
396,000 per cu. mm.; reticulocytes, 10.4 per cent. 
Slight anisocytosis and hypochromia of the erythro- 
cytes were present. There were no spherocytes and the 
red cell fragility values were normal. Sedimentation 
rate was 138 mm. in the first hour. Sickling, not pres- 
ent on direct smear, was demonstrated using sodium 


metabisulfite. The serum iron level was 55 gamma per 
cent, with a total iron-binding capacity of 175 gamma 
per cent. No abnormal pigments were present in the 
plasma. The serum bilirubin determinations were 
normal. The Frei and Kahn tests were negative, as 
were agglutinin studies for enteric pathogens. The 
patient was group O, Rh negative (cde/cde). 

The bone marrow aspirate was hypercellular 
with slight normoblastic hyperplasia. The myeloid: 
erythroid ratio was 1.8:1.0. 

The direct Coombs reaction was 3-+.7 The serum 
contained anti-D and anti-E presumably due to iso- 
immunization by previous transfusions, and also a 
panantibody. In addition, another antibody identified 
as anti-e was demonstrated. This represented a 
specific autoantibody? as the patient was cde/cde. 
The cold agglutinin titer was 1:4. 

The stool was grossly bloody. No ova or parasites 
were present. Urinalysis was essentially negative. 

Sigmoidoscopy revealed a granular mucosa with a 
hemorrhagic, purulent exudate. Narrowing and 
pseudopolyp formation of the distal transverse and the 
descending colon were demonstrated by barium 
enema. 

Treatment consisted of antibiotics, followed by five 
weeks of cortisone and then ACTH intravenously. On 
hormonal therapy gross blood disappeared from the 
stools and the guaiac reaction decreased in intensity 
to 1+, the hemoglobin level remained constant at 
7.5 to 8.5 gm. per cent without transfusions, and the 
reticulocyte level decreased to 1 to 2 per cent. How- 
ever, due to clinical deterioration ileostomy and 
subtotal colectomy were performed following three 
transfusions which elevated the hemoglobin to 11.9 
gm. per cent. The subsequent course was uneventful. 

The patient has done well since her discharge from 
the hospital. The ileostomy functions properly and 
the drainage contains no occult blood; the ileostomy 
fecal urobilinogen value is 2 mg. daily. Her most 


T Positive direct Coombs reactions are graded in 
intensity from + to 4+. 


* From The Departments of Hematology and Medicine, The Mount Sinai Hospital, New York, N. Y. Aided by grants 
from the A. A. List, Anna Ruth Lowenberg and Jacqueline Grey Funds. 
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recent blood count (August 1954) was: hemoglobin, 
12.1 gm. per cent; red cells, 4.39 mil ion per cu. mm.; 
hematocrit, 38 per cent; red cell indices, M.C.V. 
87, M.C.H. 27, M.C.H.C. 32; reticulocytes, 0.8 per 
cent; platelets, 240,000 per cu. mm.; white cells, 
9,000 per cu. mm. with 44 per cent reutrophils, 3 per 
cent band forms, 41 per cent lymphccytes, 5 per cent 
monocytes and 7 per cent eosinophils. The direct 
Coombs reaction was weaker than roted previously. 
The antibodies in the serum were unchanged. 

Comment. Active intestinal bleeding was present 
when the positive direct Coombs reaction was first 
noted, making it difficult to assess the respective roles 
of these two factors in production of zhe anemia and 
reticulocytosis. Due to severe bloody ciarrhea and the 
small amount of feces in the rectal discharges, it was 
not feasible to determine the fecal urcbilinogen prior 
to ileostomy. Active blood loss precluded a cell sur- 
vival study. Therefore, reliance was placed on less 
definitive laboratory studies in attempting to decide 
whether significant hemolysis was cccurring. The 
hypochromia and low serum iron level reflected the 
chronic blood loss and, to some extert perhaps, the 
chronic infection. Absence of methemalbumin, the 
normal serum bilirubin, low serum ircn and absence 
of spherocytes argued somewhat against active 
hemolysis. The fall in reticulocytes fron: 10 per cent to 
1 to 2 per cent on hormone therapy was also accom- 
panied by a decrease in the occult blood in the stool 
from 4+ to 14-. Thus it was difficult to cecide whether 
maintenance of the hemoglobin level was due to an 
effect by the hormones on a hemolytic process or on 
the colitis resulting in decreased blood loss. Post- 
operatively, with no specific therapy, and with a 
reticulocyte level of 1 to 2 per cent, the patient has had 
no drop in hemoglobin. If hemolysis had been active 
at that low reticulocyte level, one would have expected 
a marked fall in hemoglobin. Therefore, although the 
patients red blood cells gave, and continue to give, 
a positive direct Coombs reaction, tke hemolytic 
process probably did not contribute significantly to 
' the anemia. 

Case n. Mrs. L. P. (No. 7148), a forty-four year 
old housewife, was first admitted to The Mount Sinai 
Hospital in March, 1953, with a ten-morth history of 
abdominal cramps, bloody diarrhea and a weight loss 
of thirty pounds. Physical examinaticn was un- 
remarkable. The diagnosis of ulcerative colitis was 
established by barium enema studies in conjunction 
with the clinical and laboratory findings, which in- 
cluded a hypochromic anemia and 1.2 per cent 
reticulocytes. The patient improved on antibiotics, 
ACTH and transfusions, and was discharged after a 
four-month hospital stay. At the time of discharge the 
stools were no longer grossly bloody but gave a 4+ 
guaiac reaction. During the following six months the 
colitis was in remission. The patient was reLospitalized 
in December, 1953, because of pain in the -ight upper 
abdominal quadrant, accompanied by emesis of bile- 
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stained material and frequent watery, bloody, bowel 
movements, 

On physical examination she appeared chronically 
ill. There was no icterus. A poorly defined tender 
mass in the right upper abdominal quadrant was 
present. The liver edge was palpable 3 cm. below the 
costal margin. 

Examination of the blood revealed a hemoglobin 
of 13.9 gm. per cent and a white count of 17,400 per 
cu. mm. with moderate eosinophilia. A blood film 
showec mild hypochromia and toxic granulation. No 
spherocytes were present and the red cell fragilities 
were normal. The sedimentation rate was 67 mm. in 
the first hour. Abnormal pigments were absent from 
the plasma and the serum bilirubin values were nor- 
mal. The fecal urobilinogen excretion was 10 mg. 
daily, consistent with the low values seen in severe 
diarrheal states. The patient's blood group was B, Rh 
positive (CDe/cde). 

The bone marrow aspirate was hypercellular with 
10 per cent eosinophilic myelocytes, and a myeloid: 
erythroid ratio of 6:1. 

A 1- direct Coombs test was noted. The serum con- 
tained a panantibodv active against red cells treated 
with trypsin and ficin. The cold agglutinin titer 
was 1:4. | 

The gallbladder failed to visualize after a double 
dose of radiopaque material. By barium enema short- 
ening of the colon with multiple areas of ulceration and 
small filling defects were demonstrated, the entire 
colon being involved except for the cecum and 
proximal ascending colon. Sigmoidoscopy revealed an 
edematous, profusely bleeding mucosa which on 
biopsy showed eosinophilic infiltration ` without 
arteritis. 

The stcols were grossly bloody, contained no ova or 
parasites. A trichinella skin test was negative. 
Agglutinin studies for enteric bacteria were also 
negative. 

Shortly after admission symptoms in tbe right upper 
quadrant subsided. However, the patient continued to 
have as many as eight liquid, bloody bowel move- 
ments daiy. In three weeks the hemoglobin fell to 
9.0 gm. per cent, with a red cell count of 3.5 million 
per cu. mm.; hematocrit, 29 per cent; reticulocytes, 
2.0 per cert; red cell indices, M.C.V. 82, M.C.H. 26, 
and M.C.H.C. 31; platelets, 274,000 per cu. mm.; 
and white cells, 9,400 per cu. mm. with 46 per cent 
neutrophils, 20 per cent band forms, 7 per cent 
eosinophils. 24 per cent lymphocytes and 3 per cent 
monocytes. 

During the following months the patient received 
six transfusions, and for seven weeks was treated with’ 
antibiotics and symptomatic measures without im- 
provement. ACTH gel was then administered for 
five weeks. followed by maintenance cortisone 
therapy. With hormonal therapy alone the hemo- 
globin level was maintained at 11 gm. per cent, with 
2 per cent reticulocytes. Repeat sigmoidoscopy showed 
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decreased inflammatory changes in the mucosa. The 
patient was subjectively improved and was having 
fewer stools with only small amounts of gross blood 
when discharged in April, 1954, On hormonal therapy 
it was noted that although there was no change in the 
intensity of the direct Coombs reaction, the pananti- 
body in the serum was no longer demonstrable. 

Comment. As in Case 1, this patient had intestinal 
bleeding at the time of discovery of the positive 
Coombs test. While hospitalized, the rectal bleeding 
became very marked and, consistent with this, the 
hemoglobin level fell. A 2.0 per cent reticulocytosis was 
present. The normal bilirubin level, and absence of 
marked  reticulocytosis, methemalbumin, sphero- 
cytosis and erythroid hyperplasia of the bone marrow 
were points against a marked hemolytic process. The 
low fecal urobilinogen value was inconclusive in the 
presence of severe diarrhea. À red cell survival study 
could not be undertaken, due to persistent rectal 
bleeding. On hormonal therapy the intestinal bleed- 
ing decreased and, following transfusions, the hemo- 
globin was maintained at a constant level of 11.0 gm. 
per cent with low grade reticulocytosis. It is therefore 
impossible to state definitely whether maintenance of 
the hemoglobin level was due to an effect on a hemo- 
lytic process or directly on the colitis. However, the 
consensus was that probably no significant hemolysis 
was occurring in this patient whose direct Coombs 
reaction was only 1+ in intensity. 

Case nr. Mrs. F. L. (No. 5075), a forty-four year 
old housewife, first became ill in 1937 when, at age 
twenty-seven, she noted abdominal cramps and fre- 
quent, bloody, bowel movements. Since then she has 
had several remissions and exacerbations, with 
hospitalizations in 1941 and 1946 during which the 
diagnosis of ulcerative colitis was corroborated by 
sigmoidoscopy and barium enema. Physical examina- 
tion had been essentially negative. Treatment had 
been symptomatic. Two blood transfusions had been 
administered in 1941, and two in 1946, all without 
incident. | | 

In December, 1948, while her colitis was quiescent, 
jaundice accompanied by severe anemia was noted. 
She received iron and two blood transfusions during 
the following seven months. The colitis remained 
inactive, However, in July, 1949, she was hospitalized 
because of thrombophlebitis, which subsided shortly 
after admission. 

On physical examination the patient appeared 
acutely ill, pale and icteric. The liver and spleen were 
non-tender and enlarged to 2 cm, below their respec- 
tive costal margins. The left calf was warm and tender, 
with edema of the ankle and a positive Homans' sign. 

Blood examination revealed a hemoglobin of 
6.0 gm. per cent; red cells, 1.65 million per cu. mm.; 
hematocrit, 18 per cent; reticulocytes, 72 per cent; red 
cell indices M.C.V. 113, M.C.H. 37, M.C.H.C. 33; 
platelets, 254,000 per cu. mm.; white cells, 12,000 
per cu. mm, with 65 per cent neutrophils, 17 per cent 
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band forms, 13 per cent lymphocytes, 2 per cent 
monocytes and 3 per cent myelocytes. One hundred 
thirty nucleated red cells per 100 white cells were 
present. The smear contained numerous spherocytes 
and polychromatcphilic cells, marked basophilic 
stippling, and showed anisocytosis and poikilocytosis 
of the erythrocytes. Osmotic fragility was greatly 
increased. Hemolysis began at 0.72 per cent NaCl and 
was complete at 0.32 per cent NaCl. 

The bone marrow aspirate was hypercellular, 75 per 
cent of all the cells being erythroid precursors. 

The patient's blood group was B, Rh positive 
(CDe/CDe). The direct Coombs reaction was 4--. 
The serum contained a panantibody and anü-E, 
presumably due to isoimmunization by previous 
transfusions. The cold agglutinin titer was 1:8. 

A red cell survival study using the modified Ashby 
technic revealed that 65 per cent of the transfused 
cells were destroyed in four days. 

The indirect serum bilirubin was 2.9 mg. per cent. 
The direct ven den Bergh reaction was positive, the 
prothrombin time was 18 seconds, control 12.5 sec- 
onds. Other laboratory findings including urinalysis 
and stool examination were normal. 

At the time of hospital admission the patient’s 
stools were formed and guaiac-negative. Aureomycin 
was administered for a short period, with recurrence 
of bloody diarrhea which persisted for almost the 
entire hospital stay. Over a three-week period the pa- 
tient received 5,500 cc. of blood. Splenectomy was 
performed, Zollowed by uneventful recovery. The 
spleen weighed 450 gm. and showed “active hyper- 
emia as seen in hemolytic anemia.” 

One monzh postsplenectomy her hemoglobin was 
10.1 gm. per cent, with 10 per cent reticulocytes, and 
the bilirubin level was normal. The fecal urobilinogen 
excretion was 246 mg. daily. She was discharged 
improved six weeks following surgery, still showing 
some occult blood in the stools. 

She was well until March, 1953, when following 
an upper respiratory infection she was rehospitalized 
because of exacerbation of colitis. The hemoglobin 
was 12.4 gm. per cent. The direct Coombs test was 
3+, the serum antibody content was unchanged. 
Sigmoidoscopy revealed ulceration and polypoid 
changes of zhe mucosa. Because of this and the recur- 
rent activity of the disease, ileostomy and subtotal 
colectomy were performed. 

Following discharge she improved, until July, 1953, 
when serum hepatitis developed, characterized by 
weakness, icterus and a tender liver enlarged to 6 cm. 
below the costal margin. The serum bilirubin level 
was 4.9 mg. pez cent, chiefly direct reacting, and the 
cephalin flocculation test was three plus. She re- 
covered w:th standard medical therapy. Hemoglobin 
was maintained at 12.5 gm. per cent throughout the 
entire period. 

Her mcst recent admission to The Mount Sinai 
Hospital was in February, 1954, for a discharging 
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- sinus tract opening on the abdominal wall. Physical 
examination also revealed a small incisional hernia, a 
rectal stricture and a well functioning ileostomy. The 
liver was not palpable. 

The blood findings were: hemoglobin, 13.0 gm. per 
cent; red cells, 4.82 million per cu. mm.; hematocrit, 
43 per cent; red cell indices, M.C.V. 89, M.C.H. 29, 
M.C.H.C. 32; white cells, 8,900 per cu. mm. with 43 
per cent neutrophils, 8 per cent band forms, 41 per 
cent lymphocytes, 1 per cent eosinophils, and 7 per 
cent monocytes; platelets, 352,000 per cu. mm. 
reticulocytes, 1.6 per cent. No spherocytes were pres- 
ent and the red cell fragilities were normal. No 
methemalbumin was present in the plasma. The 
urine urobilinogen excretion was less chan 1 mg. daily. 
Neither urobilinogen nor occult blood was present in 
the ileostomy drainage. The bone marrow aspirate was 
normally cellular with a myeloid:erythroid ratio of 
3:1. The direct Coombs reaction was only 1--. The 
panantibody and anti-E were still demonstrable in the 
serum. Blood chemical determinations were normal. 

On March 1, 1954, an abdominoperineal resection 
was performed from which the patient made an excel- 
lent recovery. The pathologic report of the specimen 
was “acute and chronic ulcerative colitis with areas of 
atrophy and repair.” f 

Summary and Comment. The seventeen-year course 
of this patient's ulcerative colitis has ranged the entire 
gamut of complications and management, with several 
remissions and exacerbations on medical therapy, 
finally requiring ileostomy and subtotal colectomy 
with subsequent abdominoperineal resection at age 
forty-three. During a two-year remission of colitis a 
severe autoimmune hemolytic process developed 
characterized by icterus, splenomegaly, severe anemia, 
extreme reticulocytosis, spherocytosis and a 4-- direct 
Coombs reaction, accompanied by pan- and iso- 
antibodies in the serum. Splenectomy was performed. 
At the present time, five years following splenectomy, 
most of the laboratory findings have reverted to normal 
except that the patient's red cells yield a one-plus 
direct Coombs reaction and the antibodies in the 
serum persist. 

In contrast to the previous two cases there is no 
doubt in this instance about the genesis 5f the anemia 
which was present at the time the positive direct 
Coombs test was noted. The patient had been in 
clinical remission from her ulcerative cclitis for more 
than two years and her stools were negative for occult 
blood when the 4-+ direct Coombs reaction was noted. 
Therefore, blood loss could not be implicated as the 
cause of the severe anemia. 'The physical findings and 
laboratory data, including cell survival studies, 
indicated the presence of a severe autoimmune hemo- 
lytic process for which splenectomy was performed. 
Subsequently, due to reactivation of the colitis, 
ileostomy, subtotal colectomy and abdominoperineal 
resection were carried out. Following these surgical 
procedures the patient has been mairtaining her 
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hemoglobin at a high level and has normal laboratory 
findings except for the presence of antibodies in the 
serum. and a 1+ direct Coombs reaction, despite 
whick the hemolytic process has apparently subsided. 

Case 1v. Mrs. L. B. (No. 26168) was first admitted 
in June 1951, at age seventeen, with a six-month 
history of mucous diarrhea, abdominal cramps and 
moderate fever. She had been treated symptomatically 
by hez physician. Three months prior to admission 
migra-ory polyarthritis and erythema nodosum 
developed. At no time was gross blood noted in her 
stools. Despite this a normochromic anemia developed 
which was unresponsive to liver and iron therapy, and 
in May, 1951, the patient received one transfusion 
at another hospital. She continued to have about eight 
liquid bowel movements daily, and the following 
month was admitted to The Mount Sinai Hospital 
for the first time. 

Physical examination revealed moderate wasting 
and pallor. There was no icterus. Other than a 
temperature of 101?r. the positive findings were con- 
fined to limitation of extension of both elbows, 
external hemorrhoids and the lesions of erythema 
nodosum on both legs. 

Blood examination revealed a hemoglobin of 
10.8 gm. per cent; red cells, 3.73 million per cu. mm.; 
hematocrit, 33 per cent; red cell indices, M.C. V, 88, 
M.C.H. 29, M.C.H.C. 33; white cells, 7,700 per cu. 
mm. with 29 per cent neutrophils, 49 per cent band 
forms, 18 per cent lymphocytes, 2 per cent eosinophils 
and 6 per cent monocytes; platelets, 300,000 per cu. 
mm.; reticulocytes, 0.8 per cent. The red cells were 
normochromic with slight anisocytosis and poikilo- 
cytosis, perhaps a reflection of the previous trans- 
fusion. No spherocytes were noted. The sedimentation 
rate was 82 mm. in the first hour. Urinalysis was 
normal. The stools were semiliquid; without gross 
blood, aad gave either negative or 1+ reactions to 
guaiac reagent. Repeated examinations were negative 


. for ova end parasites. Blood chemistry examinations 


including direct and indirect bilirubin were normal. 

On admission, barium enema revealed diffuse 
changes of ulcerative colitis involving the entire 
colon, except for the rectum, which was also normal on 
proctoscapic examination. 

Four weeks of therapy with intravenous ACTH re- 
sulted in disappearance of fever and erythema 
nodosum, a slight decrease in the frequency of bowel 
movements and accompanying well-being. Cessation 
of therapv resulted in reversion to the pretreatment 
state. Cortisone was then administered for six weeks, 
again with resultant improvement which was not 
maintained following cessation of therapy. 

-Surgica. intervention was suggested in October, 
1951, when a repeat barium enema failed to demon- 


Strate improvement and proctoscopy revealed a 


friable, ulcerated anal mucosa. Ileostomy and sub- 
total colectomy were performed, prior to and during 
which 1,500 cc. of blood were administered. ‘The 
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postoperative course was uneventful. The pathologic 
report was“ . . . severe acute and chronic ulcerative 
colitis with a similar . . . milder process in the dis- 
sected segment of ileum.” On discharge from the 
hospital the hemoglobin was 12.6 gm. per cent. 

Thereafter the patient did well and gained thirty 
pounds in weight. However, in July, 1953, small 
amounts of blood and mucus were passed from the 
colostomy stump and rectum. This persisted for the 
following thirteen months and on August 2, 1954, she 
was readmitted for an abdominoperineal resection. 

On physical examination the patient was in no 
distress and was not icteric. The ileostomy functioned 
properly. A small draining colostomy opening and 
two perineal fistulas were present. 

Blood examination revealed a hemoglobin of 12.4 
gm. per cent and a white count of 11,800 per cu. mm. 
with a normal differential. Urinalysis was normal and 
the ileostomy drainage contained no occult blood. 
Blood chemical determinations including direct and 
indirect bilirubin were normal. Proctoscopy revealed 
the anal mucosa to be very edematous and friable. 

Due to difficulty in cross-matching blood for the 
projected surgery, detailed antibody studies were 
undertaken. The patient’s blood group was B, Rh 
positive (CDe/cde), the direct Coombs test was 
weakly (+) but definitely positive. The serum con- 
tained an anti-E and a panantibody, both revealed 
only by ficin-treated red cells, and an anti-Kell, 
present to 1:256 titer. No cold agglutinin was present. 
The bone marrow was normally cellular with a 
myeloid:erythroid ratio of 3:1. 

An abdominoperineal resection was performed, 
during and following which 1,500 cc. of blood were 
administered. The postoperative course was unevent- 
ful. Pathologic report of the specimen was chronic 
ulcerative colitis with areas of atrophy, scarring 
and hemorrhage. A postoperative blood count was: 
hemoglobin, 12.6 gm. per cent; red cells 4.6 million 
per cu. mm.; hematocrit, 41 per cent; reticulocytes, 
1.0 per cent; red cell indices, M.C.V. 87, M.C.H. 26, 
M..C.H.C. 31; platelets, 236,000 per cu. mm.; white 
cells, 8,800 per cu. mm. with 66 per cent neutrophils, 
7 per cent band forms, 24 per cent lymphocytes and 3 
per cent monocytes. The red cells were slightly 
hypochromic. There were no spherocytes and the 
red cell fragilities were normal. 

Comment. Despite the lack of gross blood in her 
stools during the first six months of colitis, anemia 
developed which was unresponsive to liver and iron 
and for which the patient received one transfusion. 
No icterus, splenomegaly, spherocytosis or reticulo- 
cytosis was present but no significant amount of 
occult blood occurred in her stools. Thus it is possible 
that the anemia may have been due in part to a 


hemolytic process as well as to chronic infection, 


Unfortunately, no direct Coombs test or antibody 
studies were performed at the time of ileostomy and 
subtotal colectomy. z 
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Almost three years later, immediately prior to an 
abdominoperineal resection, the patient was noted 
to have a positive direct Coombs test and several 
antibodies in zhe serum. Despite these findings, how- 
ever, no evidence for active hemolysis was found and 
the patient was not anemic. She had had no trans- 
fusions or o:her medications since the previous 
hospitalization and was not troubled by colitis except 
for minimal bleeding for one year prior to the dis- 
covery of the positive direct Coombs test. It is there- 
fore possible that the positive direct Coombs test may 
have been present three years previously at the time 
severe anemia was noted. 


DISCUSSION 


The four cases presented have in common the 
association of severe ulcerative colitis and a 
positive direct Coombs test. The patients were 
all women, three white and one Negro, of 
various blocd groups (O, cde/cde; B, CDe/cde; 
B, CDe/CDe; B, CDe/cde). In the first three 
patients the Coombs reactions were of varying 
intensities (1+, 3+, 4--), and did not appear 
to be related to the age of the patients (twenty- 
eight, forty-five, thirty-seven years), the previous 
duration of the colitis (one, one and one-half, 
eleven years), or the extent of colonic involve- 
ment. Immediately prior to the discovery of the 
positive direct Coombs reaction two of the 
patients (Cases 1 and ii) had had episodes of 
active colitis of twelve months’ and three weeks’ 
duration, respectively. However, Case mm was in 
remission when hospitalized for a severe auto- 
immune hemolytic process. Case 1v should 
probably be considered separately as the Coombs 
test was first performed three years following 
ileostomy and subtotal colectomy, rather than 
earlier in the course of the disease when it may 
first have kecome positive. 

The patients had received a comparatively 
small number of transfusions (four to ten), 
beginning from six months to eight years prior to 
the discovery of the positive antiglobulin test. 
Subsequently, additional transfusions were ad- 
ministered to all four and were well tolerated. 

Jaundice and hepatomegaly accompanying 
the globulm-coated red cells was found only in 
Case ur although moderate hepatic enlarge- 
ment was noted in Case u. No significant 
lymphadenopathy was evident in any of the 
patients. 

In Cases 1 and 1 short courses of ACTH and 
cortisone given primarily for their possible 
effect on the colitis did not result in any change 
in the intensity of the Coombs reaction. 


092 


The concept of an immunologic mechanism as 
causative in some cases of acquired hemolytic 
anemia, first postulated and demonstrated by 
Chauffard and Vincent,’ was re-emphasized by 
Dameshek and Schwartz.* Wita the discovery of 
the antiglobulin test? it became possible to 
detect incomplete Rh agglutinins in hemolytic 
disease of the newborn, supposedly due to 
adsorption of the globulin antibodies on the 
surface of the red cells. The application of the 
Coombs test to other hemolytic processes by 
Boorman et al. permitted differentiation of 
congenital spherocytosis from acquired hemo- 
lytic anemia and demonstrated that the latter 
was an immune process. 

Although coated erythrocytes can frequently 
be demonstrated in acquired hemolytic anemia, 
the question of whether globulin-coated red 
cells invariably have a shortened life span 
has been considered by several investigators. 
Mollison and Paterson’ demonstrated by cell 
survival studies, using Rh positive cells previ- 
ously incubated with serum containing Rh 
antibody, that most of the sensitized red cells 
survived normally when transfused into anemic 
patients. They postulated that a certain minimal 
quantity of antibody was needed for hemolysis. 
Loutit and Mollison® transfused coated red cells 
from a patient with acquired hemolytic anemia 
into a normal person and found that they had a 
normal life span. They postulated that a co- 
hemolysin in the plasma may be required in 
addition to the hemolysin on tke red cell to 
result in a decreased red cell lite span. Selwyn 
and Hackett? followed the survival of erythro- 
cytes by the Ashby technic and performed “‘dif- 
ferential direct Coombs counts" to distinguish 
sensitized and unsensitized red cells. Blood from 
a patient with acquired hemolytic anemia was 
transfused into a normal patient and it was 
noted that there was rapid destruction for ten to 
fifteen days, followed by a normal rate of 
destruction with a normal total life span. They 
too, concluded that sensitization per se does not 
necessarily mean shortened survival, and postu- 
lated that in the initial rapid destruction per- 
haps only the most heavily coated cells were 
destroyed; those less heavily sensitized surviving 
normally. Abnormal hemolysis may thus be a 
threshold phenomenon. 

The activity of the hemolytic prccess also was 
thought to be related to the amount of antibody 
on the red cell by Evans and Duzne.!? Others,!! 
however, report little if any correlation between 
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autos2nsitization and autohemolysis. In the four 
cases with sensitized red cells herein reported 
hemolysis did appear to be related to the degree 
of sensitization. The only case with a frank 
hemolytic process was Case m whose direct 
Coombs reaction was 4+. The anemia present 
in the other three cases probably had no signifi- 
cant hemolytic component. In splenectomized 
patients, such as Case mi, coated erythrocytes 
often persist even though all evidence of 
accelerated hemolvsis has subsided. !®1%13 In such 
patierts!? the spleen probably is a major 
hemolytic organ, although only a minor source 
of antibody. 

Evidence has been presented that antibody 
formation in response to specific antigenic 
stimuli may occur in the reticuloendothelial 
systeir,!^ spleen,!*!? lymph nodes!?~!* or plasma 
celis. ^o^ 

In ‘idiopathic’ acquired hemolytic anemia 
the stimulus is unknown. Viruses, haptene 
complexes composed of a component of the red 
cell plus a foreign substance such as a virus or 
drug,'* free fatty acids.or enzymes?? or previous 
transfusions, have all been implicated. It has 
been suggested that the action of the agent may 
be to modify the erythrocyte surface structure, 
thereby rendering it antigenic.!" Experimentally 
antibody-coated red cells have been produced 
following repeated intraperitoneal?’ or sub- 
cutaneous”* injection of homologous blood, 
which in some instances had been modified by 
Freunc’s adjuvant or by exposure of the red cells 
to influenza virus. | 

In tae symptomatic hemolytic anemias the 
underlving condition is presumably responsible 
for the hemolytic process.2*-?? The mechanism 
may be that of direct injury of the erythrocytes 
or alteration of their surface structure?! stimulat- 
ing the production of autoantibodies of low 
specific.ty which a:fect normal red cells as well 
as the altered ones. In the hemolytic process often 
associated with the lymphomas’:!*:!!.29 the tissue 
itself may produce abnormal autoantibodies 
which coat the patients red cells. In the 
"reticuloses" it has been postulated that “‘the 
abnormal tissues may destroy excessive numbers 
of red cells, and thus provoke hemolytic anti- 
body production."?3 

In ulcerative colitis there are alterations in the 
absorption of fat, carbohydrates and amino 
acids by the small intestine.*° It is possible that 
in this disease certain normally rejected sub- 
stances are absorbed by the colon or by the 
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small intestine. These substances may possess 
antigenic properties in common with the eryth- 
rocytes, thus stimulating the formation of red 
cell antibodies. Similarly, the diseased colon 
itself may have a haptene in common with the 
erythrocytes which might stimulate the produc- 
tion of antibodies capable of coating the red cells. 

While the mechanism of antibody elaboration 
is unknown, it nevertheless appears that the 
occurrence of positive direct Coombs reactions in 
ulcerative colitis is more than fortuitous and is 
probably related to the presence of diseased 
bowel although independent of the activity of 
the colitis. Case m had been in clinical remission 
from colitis for more than two years at the time 


the severe autoimmune hemolytic process be- 


came manifest. Although splenectomy had 
induced a remission in the hemolytic process, 


the 4+ intensity of the Coombs reaction de- 


creased only slightly in a four-year period. 
Within one year after ileostomy and subtotal 
colectomy, however, it had decreased to 1+. 
Thus even though gross hemolysis had ceased 
with removal of the spleen, there was not much 
change in the amount of antibody coating the 
red cells until the diseased colon had been 
removed. Ín Case iv, unfortunately, no direct 
Coombs test was performed at the time the 
patient was found to have been severely anemic, 
despite the lack of significant amounts of occult 
blood in her stool and the short duration of her 
illness. A slightly positive direct Coombs reac- 
tion was recently noted, almost three years 
later. At this time the patient was no longer 
anemic and had no evidence of hemolysis. By 
analogy with Case nr it is very possible that at 
the earlier hospital admission the patient 
had a strongly positive direct Coombs test which 
over the intervening years, subsequent to 
ileostomy and subtotal colectomy, diminished 
to its present intensity. In Case 1 only seven 
months have elapsed since ileostomy and sub- 
total colectomy. However, the patient now has 
no anemia or reticulocytosis and there has 
been a slight but definite diminution in the 
intensity of the direct Coombs reaction. If the 
diseased bowel plays a role in initiating or 
maintaining the antibody coating of the eryth- 
rocytes, with the passage of time its removal 
should result in a further diminution of the 
intensity of the: direct Coombs reaction, as 
happened in Case m and as may have occurred 
in Case 1v. Whether the ileostomy, with its 
diversion of fecal material which may contain 
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antigenic substance that might otherwise be 
absorbed, o- the subtotal colectomy, resulting 
in the removal of diseased bowel which may have 
haptenes in common with the erythrocytes, is the 
more important in causing diminution of the 
direct Coombs eu cannot as yet be stated. 


SUMMARY 


Four cases of iee ie colitis T with 
antibody-cceted red cells are presented. The 
clinical, hematologic ; and immunologic findings 
are discussec. 

One of the patients had overt hemolytic 
anemia of the acquired autoimmune: variety. 
It was not possible to assess the role played by 
hemolysis in the anemia presented by the other 
three patiens. 

- The occurrence of antibody-coated red cells in 

ulcerative ‘colitis appears to be related to the 
underlying intestinal disorder, and particularly 
to the preseace of diseased bowel, although it is 
not necesszrily related to the clinical activity of 
the colitis. 

The possibility of an autoimmune hemolytic 
process shculd be considered in the pathogenesis 
of anemia ir. ulcerative Pon 
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ALUES above a statistically established 

\ ) upper limit for the normal acid phospha- 

tase activity in serum are almost always 
indicative of metastatic adenocarcinoma of the 
prostate gland.! In such instances the source of 
additional enzyme present in the serum is 
believed to be the secretion of the prostatic acini 
which form the metastases; such glandular 
structures, having no prostatic ductile outlet 
comparable to the normally situated gland, 
pour acid phosphatase into the surrounding 
tissue. The enzyme, being freely diffusible, then 
appears in increased amounts in the blood. 

Such a convenient and apparently acceptable 
explanation of the sequence of events which lead 
to an increase in the quantity of enzyme in the 
blood leads one to speculate about the mecha- 
nism by which acid phosphatase is eliminated 
or destroyed. The excretion of alkaline phospha- 
tase in the bile seems an established fact? but 
knowledge of the fate of prostatic acid phospha- 
tase is lacking. It has been assumed that the 
acid phosphatase of the urine in man is largely 
derived from prostatic washings by the urine and 
merely represents the enzyme added by the 
normal “resting”? prostatic secretion.? Urinary 
acid phosphatase of prostatic origin is not 
increased by the development of metastases from 
prostatic cancer, even in the presence of an 
elevated serum level. 

The present report is concerned with the 
coexistence of enormously increased amounts of 
serum acid phosphatase and extensive metas- 
tases of the liver from prostatic cancer, and with 
a possible cause and effect relationship. A study 
of this relationship in three patients will be 
described. 


CASE REPORTS 


Case 1. C. B. (Presbyterian Hospital Unit 
No. 825,045), a sixty-four year old white man, 
was admitted to the hospital on April 12, 1946, 
for relief of acute urinary retention which had 
developed during a one year period of symptoms 
suggesting prostatic obstruction. No history of 
cardioreral, hepatic or other systemic disease 
was present. A diagnosis of prostatic cancer was 
made bv rectal palpation. Initial treatment 
consisted of enucleation prostatectomy, bilateral 
orchiectcmy and commencement of daily oral 
dosage əf 5 mg. of diethylstilbestrol. The 
surgical-»athologic specimen provided a con- 
firmatory diagnosis of adenocarcinoma of the 
prostate gland, well differentiated. During this 
hospitalization neither radiographic nor serum 
acid phosphatase studies were indicative of 
metastatic disease. The patient, symptomatically 
improved, was discharged on June 9, 1946. 

On September 24, 1951, this man was again 
admitted to the hospital in acute urinary reten- 
tion. The rectal palpation appraisal at this time 
was sugzestive of local extension of a neoplasm 
originating in the prostate gland. The serum 
acid phosphatase level on October 3, 1951 was 
4.2 Gutman units. There was no evidence by 
x-ray cf osteoblastic metastases. The patient 
was relieved of 800 cc. of residual urine and 
treated by continuous gravity drainage by 
means of an indwelling Foley bag urethral 
catheter. ‘The diethylstilbestrol oral dosage was 
increased to 500 mg. daily. The urethral catheter 
was removed prior to the patient’s discharge 
from the hospital on October 10, 1951, at which 
time urethral voiding was abnormal only in that 
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it was frequent and characterized by a weak 
urinary stream. 

On January 3, 1952, the patient was re- 
admitted with a primary complaint of sudden 
appearance and progressive enlargement of an 
epigastric mass, with concomitant asthenia, 
anorexia and constipation. For the first time he 
complained of intermittent, low back pain. 
The lower edge of the non-tender liver was 
palpable 5 cm. below the right ccstal margin. 
The spleen was also found to be enlarged on 
palpation. There was bilateral ankle edema. 
Little change in observations at rectal palpation 
of the prostate gland was noted. The serum 
alkaline phosphatase level was elevated to 
15.4 units (Bodansxy) and the acid phosphatase 
to 201 units (Gutman). The cephalin floccula- 
tion test was 2+ and the thymol turbidity test 
34-. The. albumin:globulin ratio was 2.6:2.4. 
The blood urea nitrogen, sodium end potassium 
were within normal limits. Fourteen days after 
this readmission jaundice became evident, 
persistent dark urine and light stools developed, 
ascites accumulated and dependent edema 
increased. The alkaline phosphatase rose to 
18.4 units, and the acid phosphatase to 319 units. 
A small area of increased density appeared on 
x-rays in the left side of the bony pelvis. By the 
twenty-fifth hospital day the patient was semi- 
comatose, and on January 27, 1952 he died. 

The significant observations noted at autopsy 
were confined to the lungs, liver, urinary 
bladder, prostate gland, the lymphztic system 
and the red bone marrow. In the lungs tumor 
cells in the lymphatics, blood vessels and lung 
parenchyma were present. This process was 
extensive. In the liver the hepatic architecture 
was completely destroyed. Extensive areas 
of necrosis and infiltration by inflammatory and 
tumor cells were noted. The urinary bladder 
was dilated and trabeculated; aithough in- 
flammatory changes were present in the sub- 
epithelial layer, no invasion by necplastic cells 
occurred, Large areas of necrosis in the prostatic 
bed with extension into the surrounding perineal 
and pelvic structures were present. here were 
some areas of well differentiated neoplastic 
cells. Tumor infiltration extended into the 
bladder neck. Lymph glands in the cervical, 
thoracic and abdominal regions were almost 
completely replaced by tumor tissue. The glan- 
dular capsules were the only remnants of the 
normal architectural structure. Of special 
interest was the bone marrow: throughout the 
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examination of the red marrow system only one 
microscopic section of all those taken showed 
any tumor tissue whatever. 

Case i. J. S. (Francis Delafield Hospital No. 
2878), 2 seventy-seven year old white man was 
admitted to the Francis Delafield Hospital on 
May 5, 1953, for terminal care; a diagnosis of 
metastatic carcinoma of the prostate had been 
made. At another hospital a serum acid phospha- 
tase of 15.3 Bodansky units, alkaline phosphatase 
25.1 Bodansky units, albumin 3.8 gm. per cent 
and globulin 2.6 gm. per cent were recorded. 
Upon admission to the Delafield Hospital the 
patient was confused and disoriented. Physical 
signs of a left pleural effusion, confirmed by 
x-ray, were noted. The liver edge was palpable 
five fingerbreadths below the right costal margin 
in the mid-clavicular line; it was hard but no 
nodules were palpated. Jaundice was not pres- 
ent. The prostate was stony hard and fixed. 
Blood studies of May 7, 1953 revealed an acid 
phosphatase of 475 Bodansky units, alkaline 
phosphatase 24.7, serum bilirubin 0.2 mg. per 
cent, thvmol turbidity 2.1 units, cephalin 
flocculation test 1+ and hemoglobin 6.5 gm. 
No bile was present in the urine. X-ray studies 
at this time showed osteoblastic and osteolytic 
metastases in the lumbar spine, ribs and shoulder 
girdle. A chest x-ray film demonstrated, in 
addition to a left pleural effusion, diffuse peri- 
bronchial infiltration. 

Within the following week the patient was 
given trarsfusions of two liters of whole blood. 
Several days thereafter he became increasingly 
dyspneic and disoriented. Liver function tests 
were repezted on May 29. The thymol turbidity 
test was 4.5 units, cephalin flocculation test 2+, 
serum bilirubin 0.4 mg. per cent, bromsulfalein 
14 per cert retention in forty-five minutes and 
prothrombin time 19.4 seconds (normal 11.4). 
The serum acid phosphatase was 400 Bodansky 
units and the alkaline phosphatase 32.3 Bodansky 
units. By June 2 jaundice was observed clinically 
and the patient became cyanotic. Digitalis was 
administered, mercurial diuretic drugs were 
given and zhe patient was placed in an oxygen 
tent. On June 3, after several convulsive seizures, 
he died. No autopsy was performed. 

Case n. C. W. (Francis Delafield Hospital 
No. 3202), a fifty-two year old Negro man, a 
laborer, was admitted to the Francis Delafield 
Hospital on November 6, 1953. For five months 
he had complained of sacral and bilateral lower 
extremity pain and for three to four weeks of 
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generalized pruritus. At the time of the patient's 
admission to the hospital moderate jaundice 
developed but the liver was not palpable. 
Examination of the rectum revealed a stony 
hard, fixed prostate. A radiographic skeletal 
survey revealed widespread osteoblastic lesions. 
A serum acid phosphatase of 550 Bodansky units 
and an open perineal biopsy confirmed a diag- 
nosis of metatastic prostatic carcinoma. 
Laboratory studies during hospitalization 
gave the following positive results: serum 
bilirubin 7.5 mg. per cent, prothrombin time 


18.9 seconds (normal 14.8), cephalin flocculation 


test 2-+ and thymol turbidity test 3+. Albumin: 
globulin 3.3:3.4 gm. per cent and alkaline 
phosphatase 23.4 Bodansky units. 

On December 24, 1953, under continuous 
caudal anesthesia, bilateral orchiectomy was 
performed. Immediately postoperatively the 
patient was given 500 mg. of diethylstilbestrol a 
day. Within one month he was free of pain and 
had gained 10 pounds. During this period the 
jaundice disappeared, prothrombin time re- 
turned to within normal limits, serum bilirubin 
was 0.4 mg. per cent, cephalin flocculation test 
1+, the thymol turbidity test gave negative 
results, albumin:globulin was 4.1:3.4 gm. per 
cent, alkaline phosphatase 25.4 and acid phos- 
phatase 1.0 Bodansky units. The patient was 
discharged February 1, 1954, and has continued 
to do well. 


EXPERIMENTAL STUDIES 


In spite of extensive literature concerning the 
elevation of acid phosphatase in the sera of 
patients with metastatic carcinoma of the 
prostate, precise identification of the enzyme (or 
enzymes) responsible for this elevation does not 
appear to have been established, although 
Gutman and Gutman provided evidence that it 
is of prostatic origin.* For this reason a study of 
the qualitative nature and the quantitative level 
of the acid phosphatase of various body fluids 
and tissues (where feasible) was made. Results of 
such. investigations will be presented in the fol- 
lowing sections. Source material for all the 
experiments listed, unless otherwise specified, 
was derived from the patient discussed in Case 1 
(C. B.). The material was considered especially 
well suited for these investigations in view of the 
exceptionally high concentration of acid phos- 
phatase present within the serum of this patient. 
Results of kinetic studies done on the sera of the 
other patients listed in this report were qualita- 
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tively similar to those results derived from the 
study of material of patient C. B. and have 
therefore not been included as a part of this 
report. The increased serum acid phosphatase 
observed in these patients was concluded to be, 
in fact, of prostatic origin on the basis of kinetic 
evidence which has been summarized in detail in 
the following sections. 

Preparation of Source Materials for Enzyme Studies. 
'The serum, in addition to being tested directly 
after appropriate dilution, was subjected to 
ammonium sulfate fractionation for further 
investigation. The bulk of the enzyme, repre- 
senting approximately 85 per cent of the original 
total, was recovered between 0.63 to 0.67 
saturation with ammonium sulfate (at 23°c.) in 
the presence of 0.1 M acetate buffer at pH 5.5. 
The resuiting enzyme fraction was estimated to 
represent an approximate eightfold purification 
on the basis of tyrosine measurements using the 
reagent of Folin and Ciocalteau.* 

Approximately 5 gm. of the primary neoplastic 
tissue were.removed and homogenized with 9 
volumes of: water. It was necessary that the 
tissue, because of its fibrous nature, be cut into 
small pieces prior to homogenization. The 
resulting homogenate was centrifuged for ten 
minutes at 23,000 X g. The sediment was found 
to contain no enzyme and was discarded. The 
remaining supernate was used for the enzyme 
measurements. 

Approximately 5 gm. of hepatic metastatic 
tissue were selected and removed. The tissue was 
homogenized with 9 volumes of water and used 
directly for the enzyme measurements. 

Approximately 2.5 gm. of the osseous metas- 
tases were selected and removed. The tissue was 
thoroughly pulverized and ground with a mortar 
and pestle, after which 9 volumes of water were 
added. The resulting suspension contained no 
gross bone fragments. It was lightly centri- 
fuged (2,500 X g for ten minutes) and the 
resulting supernate was taken for the enzyme 
measurements. 

The urine sample (235 ml.) was tested directly 
for enzyme. 

Enzyme Measurements. Reliable methods for 
the accurate measure of prostatic acid phospha- 
tase using various substrates were previously 
developed in connection with other investiga- 
tions and have been applied in these studies. 
Only a brief description of the methods will be 
presented. The methods as applied have incor- 
porated optimum conditions for enzymatic 
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activity with respect to substrate concentrations 
(that is, saturating levels in each instance), 
hydrogen ion concentration and incubation 
time. All assays were done on at east two levels 
of enzyme concentration to insure strict propor- 
tionality between enzyme concertration and 
activity. 

Commercial preparations of phenylphosphate, 
beta-glycerophosphate and yeast adenylate of 
high purity served as enzyme substrates in the 
differential study. Details concerning purifica- 
tion procedures and relative purity of each 
substrate have been presented elsewhere in con- 
nection with other studies. Each of the sub- 
strates was prepared at high concentrations and 
adjusted to appropriate hydrogen ion concentra- 
tion prior to use (due to inherent buffering 
properties). | 

Stock solutions of molar acetate buffer were 
prepared to cover the pH range from 4.0 to 6.0 
and were used at a final 0.1 M. concentration 
within the reaction mixtures. 

All enzyme measurements were carried out in 
a final 1 ml. reaction volume. Larger volumes 
were avoided in order to maintain hizh concen- 
trations of substrate (that is, saturating levels) 
while limiting the absolute quantities within the 
reaction mixtures. The presence in excess of a 
specific amount of two of the three substrates 
(beta-glycerophosphate and yeast adenylate) 
was found to interfere markedly with the colori- 
metric determination of inorganic phosphorus.? 
Tubes were prepared in advance containing 
substrate, buffer and water (if recuired) to 
0.5 ml. volume. To the prepared tubes 0.5 ml. 
volume of appropriately diluted enzyme solution 
was added. The reaction tubes were incubated 
at 37?c. for a thirty and sixty minute period to 
insure strict proportionality between incubation 
time and enzyme activity with each new sample 
investigated. Following the incubation period, 
the reaction was stopped by the addition of 5 ml. 
10 per cent trichloroacetic acid. The contents of 
the tubes were filtered (if required) through 
acid-washed paper and aliquots of the filtrate re- 
moved for inorganic phosphorus determination. 


RESULTS 


Serum Studies. The marked elevation of 
serum acid phosphatase found on routine 
laboratory study was readily confirmed. Table 1 
summarizes the measurements of the acid phos- 
phatase activity on the serum. The enzyme was 
tested at three dilutions in the presence of 
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saturating levels of three separate substrates. 
The rekabihty of the assay methods is demon- 
strated by the strict proportionality obtained 
between enzyme concentration and activity in 
each of the substrates used. All enzyme assays 
were made at pH 5.5 in 0.1 M acetate buffer 


TABLE I 
QUANTITATIVE MEASURE OF ACID PHOSPHATASE ACTIVITY 
ON THREZ DIFFERENT SUBSTRATES WITHIN THE SERUM 
SAMPLE UNDER INVESTIGATION 












Phosphorus Liberated/hr. 


Substrate t at pH 5.5t 
Dilution 

2 Per Re- | Per ml. | n 
ou Concen-| action erum | serum 
Compound tration | vessel (calcu- (calcu- 

! (molar) (ug) lated) lated) 

(mg.) (mg.) 

1:500 | Phenylphosphate 0.138 12.4 12.4 1240 

1:250 25.3 12.7 1270 

1:125 49.6 12.4 1240 

1:500 | B-giycerophosphate | 0.128 13.6 13.6 1360 

1:250 27.2 13.6 1360 

1:125 52.0 13.0 1300 


Yea:t adenylate 


* Dilutions made in distilled water; to the reaction mixtures was 
added 0.5 ml. of the diluted serum for enzyme measurements, 

1 Substrates were prepared as concentrated stock solutions adjusted 
to pH 5.5, To -he reaction mixtures was added 0.2 ml. of 0.69 molar 
phenylphospha-e, 0.2 ml. of 0.64 molar beta-glycerophosphate and 
0.3 ml. of 0.22 molar yeast adenylate, respectively. The concentrations 
of substrate used represent saturating levels in each instance. 

Í Phosphorus released by enzyme cleavage (that is, in excess of that 
contributed as contaminants by the substrates and serum) was deter- 
mined after one hour incubation at 37?c. in the presence of 0.1 molar 
acetate at pH 5 5. All final reaction volumes were 1 ml. 


after preliminary experiments had indicated 
such an acidity to be most nearly the average 
optimum for the three substrates (each sub- 
strate showing a slightly different pH optimum). 
A measure of the serum for acid phosphatase 
activity under optimal (or near optimal) condi- 
tions showed hydrolysis of 1250 mg. P per hour 
per 100 ml. serum using saturating levels of 
phenylphosphate. The hydrolysis of 1250 mg. P 
corresponds to the simultaneous release of 
3790 mg. phenol. From the clinical report, 
319 mg. phenol were calculated to have been 
hydrolyzed der hour per 100 ml. serum by using 
the assay procedure of Gutman and Gutman,? 
approximately twelve times less than observed 
by our methods; the discrepancy between the 
two levels is undoubtedly the result of improper 
dilution in the initial assay with a consequent 
error in this unusually high range of values. 
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The serum acid phosphatase was found to 
hydrolyze beta-glycerophosphate at a rate com- 
parable to that observed with phenylphosphate. 
The action of the enzyme on yeast adenylate was 
somewhat less than that observed with the 
other two substrates tested. The pattern of action 


TABLE II 
COMPARATIVE ACTION OF PROSTATIC ACID PHOSPHATASE 
IN PRESENCE OF SATURATING LEVELS OF 
PHENYLPHOSPHATE, BETA-GLYCEROPHOSPHATE 
AND YEAST ADENYLATE 








Substratet 
Enzyme ae 
Preparation * sie ere 
dos à Concen- Activity f 
Pee tration 

Crude prostate Phenyl! phosphate 0.138 M 45.0 
homogenate B-glycerophosphate | 0.128 45.2 
Yeast adenylate 0.066 37.4 

Partially purified Phenylphosphate 0.138 M 404 

prostatic acid phos- | 8-glycerophosphate | 0.128 412 

phatase Yeast adenylate 0.066 370 





* Crude homogenate prepared from benign hypertrophic prostate 
gland by grinding finely sliced pieces in a glass homogenizer. Partial 
purification of the enzyme (approximately tenfold on the basis of 
nitrogen) accomplished by ammonium sulfate fractionation and dialysis 
of crude homogenate. 

[Substrate concentrations represent saturating levels in each 
instance. 

t Acid phosphatase activity refers to mg. P hydrolyzed/hr./mg. N at 
pH 5.5 and 37?c. 


of the serum enzyme on each of the substrates 
was found to be identical with that observed with 
an acid phosphatase obtained from prostatic 
tissue. For purposes of comparison a typical 
measure of prostatic acid phosphatase using 
crude and partially purified enzyme prepara- 
tions is presented in Table n. A tentative identifi- 
cation of the serum acid phosphatase as being in 
fact of prostatic origin was made on the basis of 
this evidence. 

Further Studies on Serum Acid Phosphatase Follow- 
ing Partial Purification. A partial purification of 
the serum acid phosphatase was accomplished 
by ammonium sulfate fractionation, approxi- 
mately eightfold on the basis of nitrogen con- 
tent. The resulting enzyme preparation was 
subjected to intensive characterization with 
respect to its kinetic properties. The details 
concerning these investigations will be presented 
elsewhere? and only a brief summary of the 
results will be presented here. 

The serum enzyme was found to be identical 
with the prostatic acid phophatase in its rela- 
tionship between reaction velocity and substrate 
concentration, hydrogen ion and specific in- 
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hibitors (including fluoride and tartrate). Per- 
haps the most convincing evidence for the 
identity of tne two enzymes is furnished by the 
observed action on the three separate substrates 
(phenylphosphate, beta-glycerophosphate and 
yeast adenvlate). From the substrate studies the 
dissociation constants (K,) for each of the sub- 
strate-enzyme complexes were determined. The 
K, values fo- the serum enzyme were as follows: 
for phenylphosphate, 3 by 10-4 M; for beta- 
glycerophcsohate, 4 by 107? M; and for yeast 
adenylate, 5 by 107* M. These values do not 
differ greaty from those with highly purified . 
preparations of acid phosphatase (approximately 
three hundzed fold based on nitrogen) from 
prostatic tissue.!? Positive identification of the 
serum enzyme as being of prostatic origin would 
appear to De convincingly established on the 
basis of this experimental evidence. 

Acid Phesahatase Composition of Primary Prostatic 
Neoplasm, Gzpatic and Osseous Metastases and Urine. 


Additional investigations were carried out on 


postmortex material to determine the quantita- 
tive as wel. as qualitative distribution of acid 
phosphatase within different tissues. In Table m 
are summarized the results of the acid phospha- 
tase measurements. The pattern of action of 
the enzyme associated with each of the samples 
of material tested strongly implicates the acid 
phosphatzs2 to be of prostatic origin in each 
instance. Among the tissues investigated, the 
hepatic metastasis was found to contain the 
greatest coacentration of enzyme. The primary 
prostatic reoplasm contained the least. The 
primary tumor was found to contain less than 
3 per cent of the acid phosphatase present in 
a sample cf non-neoplastic prostate. (Compare 
with result: summarized in Table n.) No signifi- 
cance can be attached to the relative values 
of prostatic acid phosphatase for the metastatic 
tissue analyzed. 

Additioral experiments were performed on 
normal human liver for purposes of comparison 
with hepazic metastasis. Normal human liver 
was found to contain an acid phosphatase of 
distinctly iissimilar kinetic properties and in 
concentrations (assuming activity to be repre- 
sentative of concentration) of less than 4 per 
cent of the enzyme found to be present within 
the metaszatic tissue. Studies concerning the 
specific kinetic properties of human liver acid 
phosphatase will be presented elsewhere in 
relation :o other investigations which are 
prompted by liver acid phosphatase studies 
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reported by Davies! and by Bamann and 
Riedel.” 
COMMENTS 


The differential substrate experiments here 
described were considered to establish beyond 
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J. S. (Case 11) had extensive metastatic involve- 
ment of the liver, the presumptive evidence for 
hepatic spread is strong. 

There are at least two possible explanations 
for the high level of acid phosphatase in the sera 
of these patients. It is conceivable that prostatic 


‘TABLE I 
DISTRIBUTION OF ACID PHCSFHATASE WITHIN PRIMARY NEOPLASM, HEPATIC AND OSSEOUS 
METASTASIS AND URINE SPECIMEN 


Conc. 


Mg. P Hydrolyzed/hr. at pH 5.51 


Substrate * 
z3 Mg. N per] 
Additional Material gm. Wet 
Investigated Weight Per gm. 
i Mature Material did E Wet Weight E mg. 
ampie | Material ee 
Primary prostatic neoplasm. ...| Phenylphosphate 0. 8.3 sin 81.6 0.98 
l 8-glycerophosphate | 0.128 82.0 0.99 
Yeast adenylate 0.066 68.1 0.82 
Hepatic metastasis ........... Phenylphosphate 0.138 M 20.7 Nod 333 16.1 
6-glycezophosphate | 0.128 Somer 331 15.9 
Yeast adenylate 0.066 260 12.6 
Osseous metastasis ........... | Phenylphosphate 0.138 M 9.6 xut 18.0 1.88 
8-glycezophosphate | 0.128 16.4 1.71 
Yeast adenylate 0.066 15.1 1.57 
Urine specien ecco eR Phenylphosphate 0. | 4.64 
8-glycerophosphate | 0.128 4.40 
Yeast adenylate 0.066 4.16 





* Substrate concentrations represeated saturating levels in each instance. 
T Nitrogen was determined by micro-Kjeldahl. 
t The reaction mixtures contained, in addition to tissue and substrate, 0.1 ml. molar acetate buffer at pH 5.5; all in 
a final 1 mł. reaction volume. 


any reasonable doubt that the enzyme found in 
the body fluids and tissues was of prostatic 
glandular origin. Hepatic metastases of prostatic 
origin of recognizable degree are uncommon. 
Extensive involvement of the liver by prostatic 
cancer such as described here is rare. 

The total.volume of metastatic glandular 
tissue in Case 1 is less than that in many other 
instances of prostatic cancer in which extremely 
high serum acid phosphatase levels are not 
detected at any time during the course of the 
disease. The clinical and laboratcry evidence 
of progressive hepatic insufficiency in Case I 
directly paralleled: the sharply rising serum acid 
phosphatase. In Case 1 the rapid fall of serum 
acid phosphatase following bilateral orchiectomy 
was accompanied by a return to rormal reac- 
tions of the liver function tests. Although it 
cannot be stated unequivocally that patient 


carcinoma cells in an extremely vascular organ 
such as the liver can more easily secrete acid 
phosphatase into the systemic circulation. On 
the other hand those unknown metabolic proc- 
esses concerned with the destruction of acid 
phosphatase may be impaired. It is probable 
that the liver is in some way responsible for the 
catabolism of serum acid phosphatase and that 
injury to this organ may impair this function. 


SUMMARY 


1. The clinical and laboratory course of three 


` patients with metastatic prostatic carcinoma 


and impaired hepatic function is described. In 
each instance there was an extremely elevated 
level of serum acid phosphatase activity. 

2. The acid phosphatase measured in these 
studies was shown to be of prostatic origin. 
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3. In Case 1 the rise in serum acid phosphatase 
paralleled the increase in hepatic damage. 

4. Case nr demonstrated a parallelism be- 
tween the fall of acid phosphatase after hormonal 
therapy and a return of liver function to normal. 

5. The liver appears to be implicated in the 
metabolism of serum acid phosphatase of 
prostatic origin. 
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Melanin Pigmentation’ 


AARON B. LERNER, M.D. 


New Haven, Connecticut 


ITH increased knowledge of the cytol- 
\ \ } ogy of melanocytes, and of the 
te enzymic, hormonal and neurogenic 


factors controlling their activity, it has become 
possible to formulate a unified concept of 
".Tnelanin pigmentation in man. In the presenta- 
tion of this concept, basic cytologic and bio- 
chemical factors will first be considered and this 
will: be followed by a description of common 
variations in pigmentation, including changes 
from birth to old age. 

7. Cytology of Melanocytes. Melanin is formed 
in the cytoplasm of melanocytes by oxidation of 
the amino acid tyrosine in the presence of the 
enzyme tyrosinase. The term clear cell refers to 
the perikaryon of the melanocyte. Tke immature 
pigment cell is known as a melanoblast and the 
non-specific macrophage which fhagocytizes 
melanin as a melanophage. Benign proliferation 
of melanocytes results in formation of a nevus. 
Malignant proliferation of melanocytes produces 
a melanoma. 

In general, melanocytes are believed to arise 
embryologically from the neural crest, ? al- 
though there are still a few adherents to the 
theory of epithelial origin.? Melanocytes are 
present in the skin, eyes and leptomeninges. 
Several technics can be used to visualize these 
cells. They may be stained with silver, gold or 
methylene blue, or visualized histochemically 
following incubation in solutions of tyrosine or 
dopa.** Tyrosinase, present in the cytoplasm of 
most melanocytes, catalyzes the oxidation of 
tyrosine or dopa to the dark pigment melanin. 
This process is called the tyrosine reaction or 
dopa reaction depending upon whether tyrosine 
or dopa 1s used as the substrate. 

Although the melanocytes of skin, eyes and 
leptomeninges probably are derived from the 
neural crest, these cells differ from one another 
in several respects. Furthermore, within one 


structure, such as the skin, the melanocytes at 
the epidermal-dermal junction differ from those 
in the hair bulb or dermis. Usually, although 
there ar» many exceptions, the color of skin, 
hair, eves and leptomeninges is related; a person 
with dark skin has dark hair, eyes and lepto- 
meninges, whereas the fair-skinned person has 
light haiz, eyes and leptomeninges. 

In skin, melanocytes are present in the basal 
layer of the epidermis at its junction with the 
dermis and in the hair bulbs. These cells have 
numerous dendritic processes. Melanocytes may 
occur in the dermis as dermal nevi. Basal layer 
melanocvtes are not distributed uniformly over 
the body More are found in the upper portions, 
on the fzce and forehead and behind the ears, 
than in the lower regions such as the thighs. *? 
The palms also have relatively few pigment cells. 
Different races, such as Caucasian and Negro, 
have the same number of melanocytes in any 
particular location although their activity 
varies. With the exception of melanocytes from 
albinos or from depigmented areas of patients 
with vitiligo, skin melanocytes give a positive 
dopa reaction. The latter is increased when skin 
is treated by any method which increases the 
formation of melanin, for example, ultraviolet 
light radiation. Melanocytes from normal skin 
give a negative or weak tyrosine reaction.97 
However, exposure of skin to ultraviolet light 
modifies the melanocytes so that a positive 
tyrosine reaction can be obtained. Most nevi 
arise from basal layer melanocytes. Melanomas 
arise from melanocytes in apparently normal 
skin or from those in nevi. These tumors are 
highly malignant and metastasize widely. 

Melanocytes of the hair bulb differ from those 
of adjacent skin in being more or less active. 
For example, dark hair often grows out of very 
light skin. In this case the melanocytes of the 
hair bulb are active and those in the skin are 


* From the Section of Dermatology, Department of Medicine, Yale University School of Medicine, New Haven, 
Connecticut. 
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relatively inactive. When a patient with vitiligo 
who is being treated with psoralen compounds is 
exposed to ultraviolet light, repigmentation is 
seen first about the hair follicles.* Gradually, the 
pigmented portions of adjacent follicular open- 
ings enlarge and coalesce. On the other hand, 
gray hairs may protrude from dark skin. Here 
the skin melanocytes are more active than those 
from the hair. It is possible that the differences 
between melanocytes of the skin and hair bulb 
cells are due to the influence of surrounding 
structures. Grafting experiments show that 
removal of the epidermis and upper dermis but 
allowing the hair bulb cells to remain intact 
results (after healing) in normally pigmented 
skin.4 Hence, basal layer melanocytes arise from 
hair bulb cells. On the other hand, when super- 
ficial epidermis is removed from an area of white 
hair in a guinea pig and replaced by basal 
layer epidermal cells from an area of pigmented 
skin, many new hairs grow out black instead of 
white.* In this case the hair becomes pigmented 
by the new melanocytes. 

So far as is known, melanomas are not derived 
from hair bulb cells. However, this is a difficult 
point to study because a melanoma that did 
arise from a hair bulb might in its early stages of 
development look like a pigmented nevus on the 
skin surface. 

In the eye, melanocytes normally occur along 
the uveal tract and in the retina. The cells of the 
uveal tract are similar to those of the skin in that 
thay have many dendritic processes. However, it 
is thought that melanocytes of chick and rabbit 
eyes differ from those of skin by giving a positive 
dopa reaction before birth but a negative reac- 
tion after birth.? These findings are not in 
accord with the fact that the human eye darkens 
with age, thus indicating the formation of new 
pigment. Beef ciliary bodies probably give 
positive dopa and tyrosine reactions because 
extracts from this tissue readily catalyze oxida- 
tion of tyrosine and dopa to melanin.* In fish 
and possibly in human beings sectioning sympa- 
thetic fibers results in hyperpigmentation of the 
denervated tissue because of dispersion of 
melanin granules within the cell.!^" However, 
cervical sympathectomy in man, followed by 
development of the Horner syndrome, causes no 
change or decrease in eye color. This phenome- 
non is contrary to that observed in skin. A further 
difference between eye and skin melanocytes is 
that melanomas which arise from the eye 
metastasize at a much slower rate than those 
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from ‘skin. The prognosis is better for the eye 
melanoma. 

The retina contains dark pigment granules 
which have been referred to as melanin and 
which occur in cells arranged in palisade forma- 
tion, It is not known whether these cells repre- 
sent melanocytes. There have been no reports 
of melancmas arising from these retinal cells. 
Pigmentation of frogs kept in the dark is in- 
creased in the skin but decreased in the retina. 
When these animals are allowed to remain in the 
light their skin lightens while the retina darkens. 
Thus the dispersion of melanin granules in skin 
melanocytes proceeds oppositely from that in the 
retinal pigment cells. 

The melanocytes of the leptomeninges tend to 
be bipolar.!? At times large nevi on the face have 
been associated with excessive numbers of 
melanocytes in the leptomeninges on the in- 
volved side.? Melanomas arise less commonly 
from these melanocytes than from those of skin 
or eyes. The metastatic tendency is difficult to 
evaluate because the patient usually dies from 
destruction cf vital centers due to local en- 
largement of the tumor. 

It would be interesting to transplant melano- 
cytes from eyes or leptomeninges into skin 
in order to observe their development and 
learn whether they assume the form of skin 
melanocytes. 

Once melanin is formed in the melanocyte, 
it is eliminated usually through the skin surface 
by being passed through the epidermis and shed 
with the stratum corneum. Melanin also may be 
absorbed by the lymphatics. In normal skin, in 
which melanin is constantly being formed and 
eliminated, depigmentation may be produced by 
local application of monobenzylether of hydro- 
quinone for a minimum time of three weeks. ‘This 
suggests that once melanin formation is in- 
hibited, three weeks are required for elimina- 
tion of the melanin already present in the skin. 
However, in some lesions, such as café au lait 
spots or postsunburn freckles, melanin granules 
may be permanently dispersed and firmly fixed 
within the cell. 

2. Enzymic Factors in Melanin Formation. Mel- 
anin is formed by oxidation of the amino acid 
tyrosine in the presence of the enzyme tyrosinase. 
Tyrosinase is a copper enzyme complex located 
in mitcchondrial elements in the cytoplasm of 
melanozytes. Mammalian tyrosinase is a more 
specific enzyme than that derived from plant or 
insect sources. The mammalian enzyme catalyzes 
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the oxidation of tyrosine and dopa more rapidly 
than other substrates, whereas the enzyme from 
non-mammalian sources is usually more effec- 
tive on substrates other than tyrosine or dopa. 
Tyrosinase is a member of a group of.enzymes, 
sometimes referred to as the phenolase complex, 
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exists in some marine animals, with its pigment 
granules either clustered in compact masses or 
dispersed into minute particles. 

The influence of hormonal activity on melanin 
granules will be considered further on. Details of 
the chemical steps were presented elsewhere. !5:16 
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which first catalyze oxidation of monophenols 
to diphenols and then dehydrogenation of the 
diphenols to orthoquinones.!*!5 Orthoquinones 
are then oxidized and polymerized to a dark 
pigment. 

On the basis of in vitro studies it has been pos- 
sible to elucidate the conversion of tyrosine to 
melanin according to the steps shown in Figure 
1. Here also is illustrated the melanocyte, as it 
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Fic. 1. Enzymic oxidation of tyrosine to melanin. 


Receni.studies have shown that many of the 
quinor,: irtermediates in melanin formation, as 
well as the melanin polymer, are substances 
which readily react with some amino acids and 
proteins.'447 Consistent with this finding is the 
fact that melanin in tissues is always attached to 
protein. t The stage at which quinones become 


 bourjl to protein is not known. However, it is 


possible that melanin in skin, hair and eyes is not 
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the same because it is formed in the presence of 
different proteins—proteins which vary accord- 
ing.to their respective locations. 

The mechanism of the tyrosine-tyrosinase and 
dopa-tyrosinase reactions has been the subject of 
great interest and experimentation because 
knowledge of these reactions is essential to the 
understanding of the process of melanin forma- 
tion. The enzymic oxidation of tyrosine. to 
melanin is perplexing for the following reasons. 
The first oxidation product, dopa, is a necessary 
catalyst for the oxidation, is more. readily oxi- 
dized in the presence of tyrosinase and tends to 
accumulate as the reaction proceeds. One 
interpretation of the tyrosine-tyrosinase reac- 
‘tion, consistent with known facts, is schematized 
in Figure 2.!5 Cupric ions of tyrosinase are 
reduced to the cuprous form by a reversible 
reaction with dopa. For mammalian tissue this 
reaction is specific because not even dl-dopa is as 
effective as l-dopa. Non-specific reducing agents 
are relatively inactive with respect to mam- 
malian tyrosinase, although quite active on 
plant tyrosinase. The cuprous tyrosinase-dopa 
quinone complex is now ready to react with 
tyrosine. A cuprous tyrosinase-tyrosine complex 
forms, and dopa quinone is released into the 
solution. Tyrosine is not required in the forma- 
tion of dopa quinone but. the specifically 
activated cuprous tyrosinase is needed for 
combination with tyrosine. The cuprous tyro- 
sinase complex reacts with molecular oxygen to 
form dopa, but the copper remains in the 
reduced state. The cuprous ions are then oxi- 
dized to cupric ions by oxygen, and the enzyme 
is returned to its original state. The dopa formed 
from tyrosine then activates a second tyrosinase 
molecule which can: react with tyrosine. 


The dopa-tyrosinase reaction is somewhat 


simpler since the tyrosine reaction is absent. 

The nitrogen of dopa quinone formed in the zn 
vitro reactions undergoes ring closure to form the 
leukocompound, which in turn is oxidized to 
dopachrome. Dopachrome is decarboxylated to 
5,6-dihydroxyindole which undergoes oxida- 
tion to indole, 5,6-quinone. The indole juinone 
is oxidized and polymerized to melanin. Both the 
leukocompound and 5,6-dihydroxyindole can 
react with dopa quinone to reform dopa and 
dopachrome, or indole 5,6-quinone, respectively. 
By this means dopa tends to accumulate as the 
reaction proceeds. 2 
. Melanin formation onis bee .denends 
upon the available concentration of thre^ sub- 
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stances: (1) the enzyme tyrosinase, (2) the 
substrate tyrosine, and (3) molecular oxygen. 
The absence of any one of these results in de- 
creased melanin formation. For example, in 
albinism melanocytes are present in the skin but 
melanin is not formed because of a genetic ab- 
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sence of tyrosinase in the cytoplasm of the pig- 
ment cells. . 
& Enzymic control of pigmentation can be cor- 
related with various clinical conditions.” The 
reaction of the three basic substances is con- 
trolled >y several physiochemical factors that 
determine the rate of melanin formation. Those 
of hormonal and neurogenic nature will be 
discussed later. It is sufficient to say at present 
that temperature, the redox potential within the 
cell, and agents which bind and inactivate the 
copper ions of tyrosinase, for example, sulf- 
hydryl groups, are probably the most significant 
controling factors. Ionic strength and pH ap- 
pear to be relatively unimportant. 

The temperature of solutions in vitro is an 
important determinant of the reaction rate of 
mammalian tyrosine-tyrosinase and dopa-tyro- 
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sinase systems.?? The reactions proceed rela- 
tively slowly at 25°c. but become more rapid 
at 37?c. Thereafter the reaction rates increase 
until at about 50°c. when the enzyme is quickly 
destroyed. Definitive proof of the relationship 
of temperature to pigmentation in vivo is not 
available. It is reasonable to believe that in- 
creased temperature accounts in part for 
hyperpigmentation of the body folds (palms, 
axilas, groin, and so on) and mucous mem- 
branes seen in normal persons and accentuated 
in patients with Addison’s disease. Exposure of 
parts of the body to heat for long periods of time, 
as occurs in repeated use of hot water bottles or 
sitting before a fireplace or hot stove each day, 
results in increased pigmentation termed ery- 
thema ab igne. 

The oxidation-reduction potential near the 
location of tyrosinase within the melanocyte 
probably is important in the control of tyrosinase 
activity because so much of the rate of melanin 
formation depends upon the valence state of 
copper and whether or not dopa quinone can be 
reduced back to dopa. It is possible that ionizing 
radiations increase melanin formation not only 
by oxidizing sulfhydryl groups but also by pro- 
ducing a redox potential more favorable to the 
action of tyrosinase. 

In vitro experiments show that sulfhydryl groups 
can combine with the copper of tyrosinase and 
inhibit its action.?! Epidermal extracts contain 
a diffusible sulfhydryl substance which inhibits 
tyrosinase in vitro.?? Whether or not this type of 
inhibition occurs zz vivo is difficult to ascertain. 
Available data suggest that it does. For example, 
one variety of neurospora is dark in color when 
the organism produces less of a sufur com- 
pound.?? Also, in mammals, staining technics 
demonstrate a lack of sulfhydryl groups in the 
hair bulb in the vicinity of melanocytes.?* This 
finding is consistent with the fact that black hair 
can grow out from white skin. À patient whose 
hair was predominantly brown, except for a 
few gray areas, developed increased graying of 
the hair after each of two courses of BAL 
therapy for arsenic intoxication.?* Analyses of 
light and dark skin of another patient revealed 
more sulfhydryl groups in the ligkt skin.?$ 
However, these experiments did no: zake into 
account the possibility that the melanin formed 
in the darker skin may have combined with the 
sulfhydryl groups, thereby decreasing their 
concentration. 

It has been suggested that oxidation of sulf- 
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hydryl groups by ultraviolet light is an important 
factor in suntanning, that the combination of 
sulfhydryl groups with arsenic results in hyper- 
pigmentation, and that the destruction of 
sulfhydryl groups in the skin during inflamma- 
tory processes results in  postinflammatory 
pigmentation. 1522.27 

3. Hormone Control of Pigmentation. An array 
of pigmentary phencmena in man and animals 
provides colorful testimony of the importance of 
hormones in the pigmentation of skin, hair and 
feathers. For example, skin darkens during 
pregnancy, in Addison’s disease and in some 
cases of chronic hyperthyroidism. Skin becomes 
lighter in color in patients with hypopituitarism. 
Administration of diethylstilbestrol to a hypo- 
ovarian female resulted in hyperpigmentation 
of the nipples and genitalia. The skin of eunuch- 
oid males does not become pigmented after 
exposure to ultraviolet light unless the patient 
receives treatment with androgens. Under 
proper conditions, local application of estrogens 
and androgens to human beings, guinea pigs 
and birds produces hyperpigmentation. Estro- 
gens and thyroid extracts modify feather 
coloring of chickens. Even more spectacular 
than these observations are experiments showing 
that removal of the pituitary gland in aquatic 
animals, such as the frog, results in decreased 
coloring of the skin whereas injection of pitui- 
tary extracts results in marked hyperpigmenta- 
tion. These findings give added emphasis to the 
role of hormones in the control of pigmentation. 

A. Pituitary hormones: The intermediate lobe of 
the pituitary gland produces two polypeptides, 
the melanocyte-stimulating hormones a MSH 
and 8 MSH, which can effect increased darken- 
ing of melanocytes in man and some animals.” 
(Fig. 3.) These hormones also have been called 
the melanophore hormone, the melanophore 
dilating principle, intermedin, and so on. Alpha 
MSH activity in pituitary extracts is about three 
times that of beta MSH. Both substances have 
molecular weights of approximately 4,000 and 
contain about fifteen different amino acids.” 
As little as 107° gm. of pure a MSH darkens 


“small pieces of isolated frog skin. ‘This hormone is 


distinct from other pituitary hormones. How- 
ever, purified adrenocorticotrophic fractions 
show small but perceptible MSH activity. The 
converse is not true; that is, purified MSH 
possesses no intrinsic adrenocorticotrophic activ- 
ity. This situation is similar to tbat of the 
posterior pituitary hormones, vasopressin and 
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in melanin pigmentation. These changes are best 
observed in dark skin. 

Blood and urine MSH can be determined 
quantitatively by measuring photometrically the 
degree of darkening of isolated frog skin pro- - 
duced by extracts from these fluids. Urine 


oxytocin. Vasopressin possesses some intrinsic 
oxytocin activity although oxytocin has no 
vasopressin action. 

Administration of MSH to human subjects 
produces hyperpigmentation resembling that 
seen in Addison's disease.?* Darkening of the skin 
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is generalized, although more pronounced on the 
exposed areas. Pigmented nevi become darker 
and new nevi form. If large doses of MSH are 
given skin darkening may be evident within 
twenty-four hours. The skin returns to its 
previous color a few weeks after treatment is 
discontinued. 

Skin reflectance measurements of white 
eunuchoid men and ovariectomized women 
before and after treatment with androgens or 
estrogens, respectively, showed that darkening 
of skin following treatment was due primarily 
to an increase in cutaneous blood flow.* 
Relatively little change in melanin pigmentation 
was observed. Variations of skin color during 
the menstrual cycle also were thought to be due 
primarily to changes in cutaneous blood flow. 
Some aspects of these experiments should be 
repeated with a view towards following more 
closely the changes in melanin pigmentation. 
Large doses of MSH produce rapid darkening 
of the skin in man. This effect is much more 
striking in more pigmented people, such as 
Negroes, than in fair skinned persons. Variations 
in skin color in a person under stress, during 
the menstrual cycle and in conditions of endo- 
crine imbalance might also be due to fluctuations 
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specimens from normal subjects contain some 
MSH. The excretion of this hormone is increased 
during pregnancy, in Addison’s disease and in 
alopecia areata.?™ 3? Tt was increased in the blood 
of a dog and in rats that had undergone bilateral 
adrenalectomy.*!:33 MSH was found to be 
absent from the urine of a hypophysectomized 
man.** MSH excretion is diminished in some 
patients with panhypopituitarism. The excre- 
tion is the same in white, Negro and albino 
persons. It is not increased in patients with 
malignant melanoma unless the adrenal cortices 
are destroyed by the tumor. 

Administration of cortisone or hydrocortisone, 
usually given in 37.5 mg. and 20 mg., respec- 
tively, prevents darkening of the skin of bi- 
laterally adrenalectomized human subjects or 
decreases darkening of skin color in patients with 
adrenocortical deficiency. Cortisone and hydro- 
cortisone also reduced the levels of MSH to 
normal in a bilaterally adrenalectomized dog. 
A patient with severe alopecia areata and 
markedly increased levels of MSH in the urine 
excreted normal amounts of MSH after daily 
oral administration of the following steroids: 
37.5 mg. cortisone, 20 mg. hydrocortisone, 5 mg. 
fluorohydrocortisone. These dosage values were 
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minimal in that smaller duanera did not 
produce the same effect. 

Darkening of isclated frog un by MSH can 
be prevented by adding small quantities of 
adrenaline? or noradrenaline to the solution.?5 
The natural levorotatory forms are more active 
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than the dextrorotatory isomers. Effective but 
less active than adrenaline or noradrenaline is 
serotonin. The inhibition of MSH by these sub- 
stances can be blocked by sympathomimetic 
drugs such as ergotamine, dibenamine,® benzo- 
dioxane and priscoline.? Tt is not known whether 
inhibition of MSH by adrenaline, noradrenaline, 
serotonin or a related substance has any Dearing 
on normal human pigmentation. However, it is 
likely that these substances play some part. 

B. Steroid hormones: In vitro, ‘progesterone 
. darkens frog skin.?* Production of progesterone, 
as well as of MSH, is increased with progression 
of pregnancy; skin pigmentation . follows a 
similar:course. However, local application of 
progesterone to guinea pig.nipples produces no 
change. Daily application of estrogeric sub- 
stances to guinea.pig nipples produces enlarge- 
ment and marked darkening of the nipples. 
Administration’ of.:diethylstilbestrol to a hypo- 
ovarian female resulted in darkening of the 
nipples, linea alba: and pigmented nevi.?8 The 
skin of patients with chronic liver disease be- 
comes very -dark, presumably because of 
increased circulating estrogen.?? Administration 
of estrogens to a male brown leghorn fowl 
produces a pigmented feather pattern of the 
female type.?* Testosterone has no effect on fowl 
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pigmentation. However, locally applied testos- 
terone induces pigmentation of the bill of the 


sparrow?* and the scrotum of the ground 


squirrel.? Eunuchoid males given testosterone 
are enabled to acquire a good suntan.*! From 
these observations it is evident that progesterone, 
estrogens and androgens alter skin color but the 
effect varies from one species to another. It is not 
known whether the blood level of these steroids 
can affect the release of MSH from the pituitary 
gland. As mentioned previously, cortisone and 
hydrocortisone influence pigmentation, not 
directly, but at the pituitary level by inhibiting 
the formation or release of MSH. 

C. Thyroid hormones: ‘Thyroxine is required for 
normal pigmentation of the feathers of male and 
female brown leghorn fowls.?? Injection of crude 
thyroid extract into rainbow trout blanches the 
skin.4? The active agent is not thyroxine, di- - 
iodotyrosine or an inorganic iodide compound. 
There is a clinical impression that patients with 
hyperthyroidism tend to have vitiligo, although 
it is uncommon for patients with vitiligo to have 
hyperthyroidism. One patient with hyper- 
thyroidism and vitiligo experienced complete 
repigmentat'on following thyroidectomy.*? 

From thesz observations it is apparent that the 
thyroid gland plays a part in pigmentation. 
However, its exact status is not established. Little 
is known concerning the relationship of the 
thyroid gland to the output of MSH by the 
pituitary gland. 

D. Other hormones: It has been claimed that 
the pars tuberalis contains a substance which 
exerts an opposite effect from that of MSH on the 
toad and eel.4445 

Two drugs. mesantoin and chloroquin, re- 
cently were shown to affect pigmentation. 
Although their mode of action is not known to be 
hormonal, they will be mentioned briefly. 
Prolonged administration of mesantoin, an anti- 
convulsant,. has been associated with hyper- 
pigmentation resembling, that of Addison’s 
disease.*® This drug hasan MSH-like action on 
isolated frog skin.?* It is possible that it can 
exert an MSH-like action in man also. Chloro- 
quin has lightened the hair color of some 
children about four weeks after its administra- 
tion. for treatment of lupus erythematosus. 17:18 
Whether these drugs produce a change in 
pigmentation through a hormonal, neurogenic 
or enzymic process has not been, established. 

E. Mechanism of hormone action: A most impor- 
tant problem is determining the action of 
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hormones on melanocytes. Through what 
mechanism do MSH and progesterone darken 
melanocytes, and how do substances like 
adrenaline, noradrenaline and serotonin inhibit 
MSH activity? The effect of MSH on frog 
melanocytes is rapidly reversible. Under proper 
conditions in vitro the cells may darken in 
about fifteen minutes and lighten again in a 
similar period of time. Darkening is brought 
about by dispersion of the conglomerate masses 
of melanin pigment granules. Relatively little 
change occurs in the over-all size and shape of 
the melanocyte during this process.** Oxygen is 
required for optimum darkening but not for 
the lightening proces. MSH does not darken 
melanocytes in a stream of hydrogen. Agents 
that block sulfhydryl groups inhibit the action 
of MSH, although in themselves they can 
darken melanocytes. Melanocytes placed in 
solutions of low pH or ionic strength deepen in 
color. The physical change inside the cell in- 
duced by MSH is closely related to the bio- 
chemical integrity of the melanocyte. This 
phenomenon is similar to that of muscular 
contraction, a physical change which nonethe- 
less is closely related to the biochemical reactions 
occurring in the muscle fiber. 

The variations in the melanocyte which take 
place shortly after addition of MSH are proba- 
bly different from those observed after the cell 
has been kept in a darkened state for long 
periods. In the latter case there is probably an 
increase in new melanin formation. While small 
amounts of MSH effect a reversible darkening 
of frog melanocytes im vivo or in vitro, large 
amounts produce permanent darkening. 

4. Neurogenic Control of Pigmentation. Melano- 
cytes are derived from the neural crest and 
resemble nerve cells in several respects. They 
are dendritic in shape, produce dopa which 
is similar in chemical structure to noradrenaline 
produced by some nerve tissue, and give rise to 
neoplasms which do not respond to x-ray therapy 
any more favorably than do most nerve cell 
tumors. It is therefore not unexpected that 
melanocytes should be subject to some type of 
neurogenic control. 

In fish, sectioning the sympathetic nerve to a 
fin results in darkening of that fin. As the nerve 
regenerates, the fin returns to its normal color. 
On the other hand, faradic stimulation of the 
intact nerve causes blanching of the fin. 

Examples of neurogenic factors in human 
pigmentation are numerous. In 90 per cent of 
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patients wizh neurofibromatosis pigmented mac- 
ules or café au lait spots are present. The exact 
etiology of these lesions is not known but it 1s 
interesting. that they appear in persons with 
nerve lesions. 

There is some evidence to support the view 
that vitiligo is caused by increased activity of the 
sympathetic nervous system at the peripheral 
nerve endings. A patient with vitiligo and 
transverse myelitis had no depigmentation 
below the level of paralysis, whereas usually in 
vitiligo de»igmentation is observed on the 
lower portions of the body. Another patient 
developed vitiligo several years after having had 
poliomyelit.s. There was less depigmentation on 
the leg having nerve damage. 

Opposed. to the observations in vitiligo is the 
finding that following cervical sympathectomy 
and production of the Horner syndrome the iris 
of the involved eye either remains unchanged or 
becomes lighter in color. As mentioned earlier, 
the melanccytes of the eye may respond to dif- 
ferent neurogenic control than do those in the 
skin. 

The viev is held among ophthalmologists that 
melanomas of the eye arise primarily from nerve 
cells of tas sheath of Schwann where the nerve 
fibers traverse the uveal tract. 

In addition to these clinical observations are 
the previously discussed zn vitro findings that 
two hormones, adrenaline and noradrenaline, 
both produced by nerve tissue, can inhibit MSH 
action and cause blanching of frog melanocytes. 

At the resent time a moderate amount of 
informatioa is available concerning the cytology 
of melar.ocytes and the control of pigmentation 
by enzyzmx and hormonal factors. It is hoped 
that our knowledge of neurogenic control will be 
similarly expanded. 


NORMAL PIGMENTATION 


In normal persons the color of skin, eyes and 
hair may vary from near white to black. These 
difference: in pigmentation are not due to 
variations in the number of melanocytes but 
rather to the pigment producing capacity of the 
melanocytes in a given subject. The amount of 
pigment m a particular melanocyte is deter- 
mined bv the balance of enzymic, hormonal and 
neurogeni- factors. The albino, white man and 
Negro have approximately the same number of 
melanocv-es in any particular location. Equal 
quantities of urinary MSH are excreted. But 
in the albino there is a genetic absence of 
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tyrosinase so that melanin canno: be formed. It is 
possible that the darker skin coloring of some 
races may be explained in one or more of the 
following ways: (1) The total amount of 
tyrosinase available for melanin formation may 
be increased. (2) The normal inhibitors of 


Age in Years 
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in the emale. Negroes are often light in color at 
birth but become much darker within two weeks. 
Their eyes undergo rapid change from light 
brown to dark brown or black. 

At about two years of age pinpoint-sized, 
Hat, pigmented spots appear, usually on the 


Birth 2 5 13 25 357 45 
Clear skin Junction Freckles Growth and Growth and Fading in color Senile lentigines 
nevi darkening of darkening of of junctional nevi Seborrheic keratoses 
nevi nevi with preg- Graying of hair Increased graying of hair 
nancy 


Skin darkens in calor 


— M M tt 


Hair darkens in cclo-z 


Hair decreases in color 
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Eyes darken in coior 


Hyperpigmentation ir all age groups Occurs in 


]) Exposed areas 


2) Body folds 


3) Sites of pressure and trauma 


Because of 


high melanocyte population density and 
repeated exposure to ultraviolet light 


high melanocyte population density and 
increased temperature 


increased temperature due to accelerated 
blood flow or direct effect of pressure 


Fig. 4. Normal pigmentation lice chart. 


tyrosinase may be decreased. (3) An oxidation- 
reduction potential in the melanocyte may be 
more favorable for tyrosinase action. 

At birth the skin is usually free from pig- 
mentary lesions. Only 2.7 per cent of white 
infants, but 15.6 per cent of Negro infants, were 
reported to have pigmented lesions at birth.*? 
Sixty per cent of Negro infants and 0.5 per cent 
of white infants have sacral or monzolian spots. 
These blue-colored areas represent diffuse col- 
lections of pigmented melanocytes in the dermis. 
Usually they cease to be visible after a few years. 

With growth and aging, the skin, eyes and hair 
become darker. (Fig. 4.) This increased darken- 
ing is especially. notable between birth and 
puberty in persons of fair or medium dark 
coloring. It is common for a child with almost 
snow-white hair in infancy to develop dark 
brown hair by the time puberty is reached. Hair 
frequently darkens following a severe illness. 
Late in life hair becomes gray. The infant who is 
blue eyed at birth may become brown eyed at a 
few months of age. Afterwards the eves continue 

to darken, and the rate of darkening is greater 


upper portions of the body. They frequently 
follow s-ress reactions, such as a severe cold or 
one of the infectious diseases of childhood. T'hese 
minute lesions are junctional nevi which develop 
as a result of increased melanocyte activity at 
the epidermal-dermal junction. In very light 
complexioned children or in albinos the nevi are 
flesh colored. They usually increase in size and 
color with increasing growth and development 
of the child and with the advent of new illnesses. 
It is possible that MSH released from the 
pituitary gland during periods of stress is 
responsible for the nevi. 

Although nevi will be discussed in detail later, 
some aspects will be considered now. According 
to textbook connotation, there are an average 
of twenty nevi per person, although they may 
vary from one to a hundred. However, no data 
have been given to support this impression. Nevi 
counts should be done in both sexes, at different 
ages and for different types of skin coloring. An 
early nevus may follow one of several courses. It 
may remain unchanged in size, it may increase 
or regress. Usually all these changes occur but at 
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different periods; that is, after the initial appear- 
ance of the nevus, it may remain stationary until 
a new illness develops or until puberty is 
reached. It then darkens and grows. However, 
later, at about the age of thirty, the nevus may 
show decreased melanocyte activity and regress. 
At the time the nevus enlarges it may develop in 
other ways as well. Although it may become 
merely a larger junctional nevus, a compound 
nevus results if some melanocytes move into the 
dermis while others remain at the basal layer. A 
dermal nevus forms if all the melanocytes are 
limited to the dermis proper. 

At five to seven years of age some persons de- 
velop freckles on areas exposed to sunlight. 
Freckles are prominent from their onset until 
about the age of twenty when they become less 
apparent. 

During puberty nevi darken and grow and 
new ones appear. A similar course is noted in 
pregnancy. 

During the thirties graying of hair may be- 
come evident. In the forties new nevi cease to 
appear but senile lentigines, popularly known as 
liver spots, and seborrheic keratoses may form. 
Senile lentigines will be discussed later. Sebor- 
rheic keratoses. are hyperkeratotic, greasy- 
surfaced lesions which are often very dark. 
Their color is in part due to melanin. 

In normal persons pigmentation is not uni- 
form over the entire body. Hyperpigmentation 
occurs on all exposed areas, such as the face, 
neck and hands, in the body folds, such as the 
axilas, groin and palms, and at the sites of 
pressure and trauma, such as the location of cuts, 
burns or the wrist band area. A darkening of 
these regions may result from one or more of the 
following conditions: (1) high melanocyte popu- 
lation density, (2) repeated exposure to ultra- 
violet light, or (3) increased temperature due 
to accelerated blood flow or direct effect of 
pressure. 

Those areas that are normally hyperpig- 
mented are labile insofar as color is concerned. 
In diseases with a tendency towards hyper- 
pigmentation, Addison's disease for example, 
the sites of physiologic hyperpigmentation 
become darker. In vitiligo the same areas be- 
come lighter. These observations are so con- 
stant that from them a law of skin pigmentation 
can be formulated: Normal areas of hyper- 
pigmentation are predisposed to change either 
in the direction of more hyperpigmentation or 
depigmentation. 


DECEMBER, 1955 


VARIATIONS IN MELANIN PIGMENTATION 


A classification of variations in skin pigmenta- 
tion is outlined in Table 1. The list is made up of 
entities which either are common or else illus- 
trate a basic process pertaining to pigmentation. 
It is worth while pointing out the reasons for 
using this -7pe of classification. In the past, 
efforts were made to divide pigment abnormali- 
ties into two main groups based upon either 
local and svstemic factors or those of external 
and internal origin. Such schemes are confusing 
because of much overlapping in the two groups. 
In Table 1, aine different etiologic groups are 
divided according to hyperpigmentation or 
hypopigmertation. Here, too, overlapping of 
the etiologic groups occurs; for example, al- 
though the ability to freckle is genetically 
transmitted, the physical factor of ultraviolet 
light is a necessity for their development. The 
tendency to form junctional nevi may be genetic 
in part but also is intimately related to hormonal 
factors. Vitiligo may be placed in either the 
genetic or reurogenic groups. Other examples 
of overlapping will be apparent. In spite of 
these limitations the classification is easy to 
understand and simple to use. Each entity will 
be discussed oriefly. 

7. Genetic Factors. ‘The variations in pig- 
mentation from one person or race to another 
were discussed in the section on normal pig- 
mentation. 

Freckles or ephelides (Fig. 5A) are associated 
with a singie dominant gene which is linked 
with that for red hair. Both genes are associated 
with the sam» chromosome. A high correlation 
exists betweea freckles and red hair but a low 
one between :reckles and eye color. Freckles are 
round or irregularly shaped flat spots which are 
light brown in color. They vary in size and occur 
chiefly on exposed areas such as the face, neck, 
upper back, shoulders and backs of hands. The 
lesions appear initially at about five years of age 
and develop after exposure to sunlight. Freckles 
darken durirg the summer and lighten in winter. 
Their color fades in adult life. Mieroscopically a 
freckle shows only hyperpigmentation of mel- 
anocytes at the epidermal-dermal border. 

Pigmented nevi can be divided into four 
groups depending upon the site of melanocyte 
proliferation: Junctional nevi or lentigines 
(Fig. 5B) arisc from proliferation of melanocytes 
at the epidecmal-dermal junction. They are 
usually browa to black hairless macules. They 
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are by far the commonest type of nevus and can 
be produced by injections of MSH. Compound 
nevi are composed of melanocytes at the epi- 
dermal-dermal junction and in the dermis. They 
vary from colorless to black, may be flat or 
raised and may or may not contain hair. Their 
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Most nevi appear after birth, but some 
large pigmented ones are present at birth. (Figs 
6A and B.) They probably are a result of ab. 
normal migration, of melanocytes from th: 
neural crest to the skin. The factors controlling 
this migration are not known. These nevi may 


| ] TABLE I 
VARIATIONS IN MELANIN PIGMENTATION 


Etiologic Factors 





re M PUÓ—— o! 





Hyperpigmentation 





Hypopigmentation 





Genetic Racial factors Albinism (partial or total) 
Freckles (ephelides) Premature graying of hair 
Pizmented nevi 
Senile lentigines 
Physical | Ionizing radiations Severe thermal burns 
Heat Severe trauma 
Chemical Heavy metal intoxication: Hydroquinone derivatives 
Photosensitization (psoralens, tar) Chemical burns 
Endocrine Addison’s disease Addison’s disease 
AOTH therapy Panhypopituitarism 
Hyperthyroidism Hyperthyroidism 
Acromegaly 
Pregnancy 
Estrogen or androgen therapy 
Chronic hepatic insufficiency 
Neurogenic Café au lait spot .| Vitiligo 
Lines of demarcation „| Alopecia areata 
Nutritional Chronic malnutrition Pantothenic acid deficiency 


Niacin deficiency (pellagra) Para-aminobenzoic acid deficiency 


Infectious and inflammatory Chronic systemic infections (e.g., TBC) Leprosy 
l Chronic dermatoses Pinta 
Neoplastic Chronic illness with neoplasm 

Aranthosis nigricans 

Melanoma "mc E er ee eee 
Unclassified Scleroderma Scleroderma 

Hemochromatosis Skin graft 

.| Sxin graft 2 


‘| Polyostotic fibrous dysplasia 


Intestinal polyposis 


Taye 


rate of occurrence is.second to junctional nevi. 
Dermal nevi consist. of melanocytes grouped in 
the dermis. Clinically they resemble compound 
nevi but-occur less frequently. Blue nevi are a 
form of dermal nevi which usua_ly occur in the 
lower two-thirds of the dermis. The color varies 
from blue to black depending upon the quantity 
and location of melanin in the dermis. They are 
séen most frequently in persons belonging to the 
Oriental races. 


be only a few millimeters in size or large enough 
to cover most of the body. The elements oi 
junction, compound and dermal nevi may all 
occur in one lesion. Occasionally malignant 
change has been reported. Some women 
who have large nevi believe they darken at 
menstruation. 

“The development of nevi with age was dis- 
cussed earlier.. Most. nevi are usually new 
growths, and there is no evidence that their 
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5A 


5B 


Fic. 5. A, freckles; lighten in winter and darken in summer B, junction nevi or lentigines; not present 


at birth; very common. 


erigin is from congenital misplaced cells which 
htherto were unrecognized. It is possible 
that because of local anatomic variations such as 
hood supply MSH, produced by a stress 
response, stimulates the formation of new nevi. 
However, blue nevi may represent collections of 
melanocytes which in their embryonic develop- 
ment failed to reach the epidermal-dermal 
"unction. 

While the tendency to form nevi is partially 
ander genetic control, MSH is an important 
contributing factor. 

Senile lentigines are yellow to brown, vary in 
=ze and may be as large as a centimeter in 
diameter. They usually occur in adults in areas 
repeatedly exposed to sunlight, such as the 
hands and face. The layman refers to senile 
lentigines as “‘liver spots" because their color 
resembles that of fresh liver. Microscopically 
they are similar to lentigines or junctional nevi. 
However, they occur in people with a genetic 
tendency to their formation after the skin has 
been exposed to sunlight for many years. 

Albinism in the experimental animal is 
mansmitted as a non-sex linked, simple Men- 
delian recessive factor. Albinism is present from 
birth. It may be divided into complete, incom- 
plete and partial types. Pigment does not form 
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because of genetic absence of tyrosinase in the 
melanocyte. (Fie. 6C and 6D.) 

In cases of premature graying of hair, as in 
vitiligo, the age of onset tends to follow a genetic 
pattern. However, additional factors, par- 
ticularly neurogenic, are probably involved. The 
pigment law, if carried to the extreme, might 
permit the conclusion that formation of gray 
hair in normal persons is a vitiliginous process, 
for hair, being highly pigmented, would be 
likely to undergo early depigmentation. 

2. Physical Factors. Ionizing radiations, such 
as ultraviolet light, alpha rays and x-rays, 
stimulate formation of new melanin and also 
darkening of pre-existing melanin.!? As men- 
tioned earlier, oxidation of sulfhydryl groups by 
ionizing radiations might make tyrosinase more 
available for melanin formation. Also one or 
more of the following factors may play a role: 
(1) The radiations may promote conversion of 
tyrosine to dopa so that the latter then can 
catalyze the tyrosine-tyrosinase reaction. (2) 
The oxidation-reduction potential in the mel- 
anocyte may undergo change so that tyrosinase 
activity is increased. (3) In the case of sunlight, 
temperature may be increased, allowing for 
acceleration in the rate of melanin formation. In 
addition to these three factors, melanin already 
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6B 


6D 


^ 





Fic. 6. A, large nevus on face present since birth; relativelv rare. B, large bathing trunk nevus present since 
birth; relatively rare. C, complete albinism. D, partial albinism in a seven year old boy; hypopigmentation pres- 
ent since birth. 
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Fic. 7. A, erythema ab igne of thighs; reticulated hyperpigmentation from prolonged use of heating pad. B, 
1yperpigmentation following arsenic intoxication; note “raindrop” appearance of thoracic pigment. C, marked 
hyperpigmentation following application of 8-methoxypsoralen and subsequent exposure to sunlight. D, 
localized depigmentation of Negro's back after four weeks’ continuous application of an ointmen$ containing 


20 per cent monobenzylether of hydroquinone. 


resent may become darker because of oxida- 
on to a darker form. 

In most instances a suntan or other type of 
adiation-induced hyperpigmentation fades a 
"w days or weeks after the provocative stimulus, 
nd the skin returns to its previous shade. How- 
ver, this sequence is not invariable. Sometimes 
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a severe sunburn is followed by large freckles 
which remzin permanent. Intensive exposure to 
roentgen rays may produce lasting hyperpig- 
mentation. Why this hyperpigmentation should 
persist is not known. Perhaps the pigment 
formed under this profound stimulus is per- 
manently cispersed in the melanocyte, much in 
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the manner of the irreversible darkening 
produced in frog melanocytes by administration 
of huge amounts of MSH. 

Years ago reticulated hyperpigmentation, or 
erythema ab igne, was common on the legs of 
people who regularly exposed themselves to 
the heat of a fireplace or stove. (Fig. 7A.) Today 
this type of pigmentation is less common but it 
still occurs in persons who use hot water bottles 
for long periods of time and in workers who are 
frequently in proximity to hot furnaces. Hyper- 
pigmentation probably results from a direct 
increase in temperature, as well as an indirect 
one through heightened vascularity, which 
accelerates the tyrosine-tyrosinase reaction. 

Thermal burns or trauma to the skin severe 
enough to destroy melanocytes results in 
depigmentation. Like most nerve cells, melano- 
cytes regenerate slowly. 

3. Chemical Factors. Administration of arsenic, 
silver or bismuth compounds, may produce 
hyperpigmentation. Arsenic hyperpigmentation 
characteristically assumes a *raindrop" pattern 
on the exposed areas and trunk. (Fig. 7B.) Small, 
relatively pale spots are scattered throughout the 
areas of hyperpigmentation. Arsenic hyper- 
pigmentation may be difficult to distinguish from 
that seen in Addison's disease. Arsenic keratoses 
may occur, especially on the palms and soles. 

Patients with silver (argyria) or bismuth 
intoxication develop slate gray or blue hyper- 
pigmentation on the exposed areas which im- 
parts a cyanotic appearance. Although the 
increased pigmentation is seen only on areas 
exposed to sunlight, the metal also is deposited in 
the skin of the covered regions. 

The hyperpigmentation from arsenic may be 
due to inactivation of sulfhydryl groups, making 
copper more available for tyrosinase action. 
Most of the hyperpigmentation from silver and 
bismuth is not due to melanin but represents 
deposits of the metallic metal in the skin, 
especially in the sweat glands. 

In photosensitization, several substances, par- 
ticularly the psoralen derivatives present in 
many essentidl oils, increase pigmentation when 
applied to the skin or taken orally prior to 
ultraviolet light exposure. (Fig. 7C.) The 
mechanism of this process is unknown. 8-Meth- 
oxypsoralen can be used to treat some patients 
with early and limited vitiligo.? 

In the case of hydroquinone derivatives, 
depigmentation occurs in some persons follow- 
ing application of monobenzylether of hydro- 


Melanin Pigmentation— Lerner 


quinone. (Fig. 7D.) Evidence is present that the 
tyrosine-tyrosinase reaction is inhibited by 
hydroquinone formed from the monobenzylether 
of hydroquinone.?! 

Chemical burns may cause depigmentation 
resulting from destruction of melanocytes. 

4. Endocrine Factors. Patients with adreno- 
cortical insufficiency (Addison's disease) fre- 
quently show hyperpigmentation of the exposed 
areas, body folds, sites of pressure and trauma, 
and of the mucous membranes. (Fig. 8A and 
8B.) Nevi darken and new nevi form. Occa- 
sionally these patients develop vitiligo with 
depigmentation in these areas, but with marked 
hyperpigmentation of the rest of the skin. 

Increased release of MSH from the pituitary 
gland occurs following decreased adrenocortical 
function. MSH markedly accentuates pigmenta- 
tion in those areas where hyperpigmentation 
normally occurs and may induce formation of 
new nevi. 

The depigmentation in some patients with 
adrenal insufficiency may be explained by 
assuming that extensive destruction of the 
adrenal glands evokes a compensatory increase 
in sympathetic activity resulting in vitiligo. 
In these patients the hyperpigmenting and 
depigmenting processes proceed simultaneously. 

Prolonged administration of ACTH may 
produce hyperpigmentation because of MSH 
present as a contaminant in the ACTH prepara- 
tion. 

It is frequently remarked that patients with 
early hyperthyroidism tend to have vitiligo but 
no statistical study on this point apparently 
has been made. Hyperpigmentation sometimes 
occurs in severe, chronic hyperthyroidism, possi- 
bly because of increased release of MSH from 
the pituitary gland. 

Hyperpigmentation when present in acro- 
megaly may be due to MSH. 

Hyperpigmentation (melasma *) develops over 
the face, usually in a blotchy fashion, constitut- 
ing the '(mask" of pregnancy. The nipples, 
genitalia and linea alba darken. Nevi may 
deepen in color and increase in size. Several 
hormones which affect melanocytes increase in 
the blood and urine during pregnancy. The 

* [n this paper the term. melasma refers to the hyper- 
pigmentation occurring usually on the exposed areas, 
body folds or sites of trauma associated with increased 
urinary excretion of MSH.*? The brown discoloration 
which occurs during pregnancy is due to melasma rather 


than to any green pigment. It is more correctly designated 
melasma then chloasma. 
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8A 


8B 


Fic. 8. A, anterior view of twenty-seven year old man with Addison's disease of seven years’ duration; 
compare color with hand of normal subject selected by patient as representing his complexion prior to 
illness. B, back of patient shown in Figure 8 A; note hyperpigmentation of palmar creases and scars on 


back. 


levels of MSH, progesterone and estrogens rise 
with progression of pregnancy. Within five days 
after delivery MSH levels return to within 
normal limits. It is possible that all of these 
factors contribute to melanocyte darkening. In 
most patients pigmentation fades a few months 
after delivery; however, pigmentation sometimes 
Is permanent. 

In white persons with estrogenic or androgenic 
deficiency the skin has a pallor due largely to 
decreased cutaneous blood flow. Administra- 
tion of the deficient hormones corrects this 
situation. The hormones also may affect melanin 
pigmentation, particularly in the darker subjects. 

Some patients with chronic hepatic insufh- 
ciency become very dark. It has been suggested 
that increased circulating estrogens are responsi- 
ble for this hyperpigmentation.?? 

In panhypopituitarism the skin is light be- 
cause circulating MSH is decreased as a result 
of reduced pituitary function. 

5. Neurogenic Factors. Café au lait spots 
(Fig. 9A) are hyperpigmented macules of 
variable size and shape which usually appear 
after birth. Approximately 10 per cent of normal 
persons and 90 per cent of patients with neuro- 
fibromatosis have café au lait spots.???* How- 
ever, only 0.2 per cent of normal persons have 
three or more whereas about 75 per cent of those 


DECEMBER, 1955 


with neurofibromatosis have this number. 
Microscopically café au lait spots show hyper- 
pigmentation of the basal layer and are indis- 
tinguishable from the ordinary freckle. ‘These 
lesions are grouped with factors under neuro- 
genic control because patients with neurofibro- 
matosis have nerve lesions and neural control 
of melanocyte function may be affected. 

In people with more pigmented skin, such as 
the Japanese, the arms and chest of some in- 
dividuals show sharply divided areas of pig- 
mentation.5959 These lines of demarcation are 
fairly common in Negroes. (Fig. 9B.) Along 
the anterior aspect of the arm a sharp border 
may separate a lateral dark portion from a 
medial lighter area. It has been suggested that 
this sharp division of color depends upon 
neurogenic factors. 

In vitiligo hypopigmentation occurs, usually 
in one or more of the following areas: hands, 
arms, face, neck, axillas and inguinal regions.*' 
(Fig. 9C and 9D.) Approximately 1 per cent of 
the total population of this country has vitiligo. 
In 50 per cent of the cases hypopigmentation 
develops before the age of twenty. Repigmenta- 
tion to some degree, although not complete, 
occurs in 50 per cent of patients with vitiligo 
at some time in the course of their illness, usually 
in the summer following exposure to sunlight. In 
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Fic. 9. A, café au lait spots. B, line of demarcation on Negro's arm; common. C, vitiligo; note involve- 
ment of common sites, face, arms, umbilicus and genitalia. D, posterior view of patient shown in Figure 
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50 per cent of the cases relatives are found to 
have vitiligo. The inherited tendency toward 
development of vitiligo is expressed as a domi- 
nant factor. The hypopigmentation usually 
becomes more extensive following severe stress 
such as an acute illness or operation. Although 
the etiology of vitiligo has not been determined, 
the following points suggest that hypopigmenta- 
tion may result from increased activity of the 
sympathetic nervous system at the peripheral 
nerve endings near the melanocytes: (1) L-nor- 
adrenaline tested on isolated frog skin was found 
to be a specific inhibitor of MSH. Frog melano- 
cytes became light in color upon addition of 
noradrenaline.?? (2) In some fish sectioning of 
a fin nerve results in darkening of skin distal to 
the section. Upon regrowth of the nerve the skin 
becomes light again. Faradic stimulation of the 
intact nerve produces a decrease in color. A 
patient with transverse myelitis of thirteen 
years duration developed vitiligo four years ago 
and no depigmentation has occurred below the 
level of paralysis.?? (3) Vitiligo often occurs in seg- 
ments corresponding to nerve distribution.°’~°* 
(4) Under resting conditions, more sweat occurs 
in areas of vitiligo than on adjacent pigmented 
skin.?? (5) A report on the use of the capillary 
microscope in vivo indicates that blood vessels are 
constricted in patches of vitiligo.9? 

If a patient with vitiligo becomes jaundiced or 
develops yellow skin from ingestion of atabrine 
only the non-vitiliginous areas become yellow. 
The pigmentation due to bile or atabrine is not 
seen in the areas of melanin hypopigmenta- 
tion.5*** Studies have not been made on the 
affinity of melanin or melanocytes for these 
other pigments. 

Patients with diffuse patches of baldness 
(alopecia areata) and increased emotional 
tension frequently exhibit gray hair and vitiligo. 
It is possible that hypopigmentation of hair and 
skin is due to increased activity of the sympa- 
thetic nervous system. 

6. Nutritional Factors. A few weeks on a 
starvation diet may produce melasma of the 
face.!® If starvation is continued the hyper- 
pigmentation may become generalized. It is 
possible but not proved that increased pituitary 
activity increases the release of MSH so that 
hyperpigmentation results. 

In pellagra, hyperpigmentation of the exposed 
areas is common following subsidence of the 
acute dermatitis. The darkening represents the 
dual processes of photosensitization and post- 
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inflammatory pigment deposition. Reduction in 
sulfhydryl groups following the acute reaction 
may be responsible for the hyperpigmentation. 

Pantothenic and paraaminobenzoic acids are 
known to be required for normal pigmentation 
of the hair of some animals but not that of man. 
Administration of large doses of paraamino- 
benzoic acid to man produces repigmentation of 
gray hair in some subjects.*! 

7. Infectious and Inflammatory Factors. Chronic 
infections or almost any severe illness of long 
duration may be associated with development 
of melasma. As in other instances of melasma, it 
may be of endocrine etiology. 

Hyperpigmentation accompanies prolonged 
rubbing and scratching of the skin indulged in 
by patients with chronic dermatoses such as 
severe atopic dermatitis or postinflammatory 
lesions. (Fig. 10A.) Increased temperature and 
destruction of sulfhydryl groups may increase 
melanin formation. 

Hypopigmented macules are common in 
leprosy, especially in the tuberculoid type." 
In such cases skin lesions are co-extensive with 
nerve involvement. The cause of hypopigmenta- 
tion is not known; it may be neurogenic. 

Hyperpigmentation is seen early in the course 
of pinta. However, after the disease has been 
present for a few years, extensive depigmentation 
may develop. 

8. Neoplastic. As mentioned previously, se- 
vere chronic illness with neoplasm often is 
associated with hyperpigmentation. 

In acanthosis nigricans, pigmented verrucous 
excrescences occur in the axillas and other 
body folds.9* (Fig. 10B.) Acanthosis nigricans 
is divided into benign and malignant types. 
Although the dermatosis itself is benign, the 
so-called malignant type is associated with 
adenocarcinoma, particularly of abdominal 
organs. Benign acanthosis nigricans begins at 
birth, in childhood or at puberty. The malig- 
nant type may begin at any age and is preceded, 
accompanied or followed by an adenocarcinoma. 
The dermatologic findings are the same in both 
types. The relationship of these changes to 
malignancy has not been elucidated. 

A few patients with melanoma develop gen- 
eralized dark blue hyperpigmentation resem- 
bling that of argyria.?* This coloring represents 
melanin in the dermis which appears blue when 
viewed from the surface of the skin. The tumor 
produces large amounts of 5,6-dihydroxyindole, 
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Fic. 10. A, hyperpigmentation in a seventeen year old boy with chronic atopic dermatitis. B, malignant acanthosis 


nigricans in a twenty-eight year old woman. C, melanoma. 


an unstable substance which is rapidly oxidized, 
even in the absence of tyrosinase, to melanin. 

9. Unclassified Factors. Both hyperpigmenta- 
tion and hypopigmentation occur in patients 
with scleroderma. The reasons for these changes 
remain obscure. 

The skin discoloration in hemochromatosis is 
characteristically bronze. Often there is a slate- 
blue or metallic cast like argyria. The brown 
pigmentation represents increased amounts of 
melanin in the epidermis and the metallic color 
is due to hemosiderin in the dermis. Melanin 
and iron can be seen microscopically with dif- 
ferential staining. Both iron and copper are 
deposited in the skin as part of the metabolic 
disturbance. Because these metals bind sulf- 
hydryl groups, thus releasing the inhibition of 
tyrosinase, melanin formation is increased. In 
addition, hyperpigmentation may result from 
adrenal insufficiency or cirrhosis of the liver 
occurring as a complication of hemochromatosis. 

It is often difficult to obtain good color 
matches in"skin grafting. Sometimes the graft 
is lighter than the surrounding skin; in other 
patients the graft may be darker even though 
similar donor and recipient sites were used. 
(Fig. 11A and 11B.) While the basis for these 
changes is not known, it would be of interest to 
determine the influence of melanocyte popula- 
tion density on the resulting color of the graft. 

In polyostotic fibrous dysplasia the following 


triad of abnormalities may occur: (1) dis- 
seminated but not generalized bone lesions, 
usually unilateral and segmental in distribution, 
(2) endocrine dysfunction associated with preco- 
cious puberty in females, and (3) cutaneous 
pigmentation consisting of macules which vary 
greatly in size, tend to be of segmental distribu- 
tion and are more extensive on the side of the 
bone lesions. They may be café au lait spots. It 
was stated that these lesions more so than those 
in neurofibromatosis were of irregular contour 
like the rugged *coast of Maine" whereas the 
café au lait spots of neurofibromatosis were 
described as being smooth-bordered like the 
"coast of California." 55 However, in a com- 
prehensive study of neurofibromatosis which 
appeared recently it was shown that the con- 
figuration of the café au lait spots is variable 
and of no diagnostic significance.?? Buccal 
pigmentation may occur. The etiology of the 
hyperpigmentation is not known but it may be 
neurogenic. 

Intestinal polyposis consists of polyps dis- 
tributed throughout the gastrointestinal tract, 
particularly the jejunum, associated with pig- 
mentation of the buccal mucosa, lips, face and 
fingers. Pigmentation is more marked on the 
lower lip than the upper and more marked on 
the interior surface than the exterior. The pig- 
mented lesions are macules, 0.2 mm. to 5 mm. in 
diameter, ranging in color from light brown to 
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ep blue-black. Clinically, they appear to be 
nction nevi or lentigines and are observed first 
childhood. The syndrome is inherited as a 
nple Mendelian dominant.*' 


MELANOMAS 


The term melanoma indicates a malignant 
owth so the prefix ‘malignant’ need not be 
ipended. Because melanocytes are derived 
ym neural rather than epidermal or meso- 
rmal structures the names melanocarcinoma 
d melanosarcoma are inaccurate. Melanomas 
ve been found in most animals; they are 
latively common in old gray horses. In some 
h, gray horses and other animals melanomas 
e transmitted genetically. This is not the usual 
se in human beings; only once were melanomas 
the skin reported in more than one member of 
family, although there have been four reports 
| melanomas of the eye in families.9? 
Approximately 90 per cent of melanomas arise 
persons over thirty years of age.9557 They 
cur with equal frequency in both sexes. The 
cidence of melanomas is two to four times as 
eat in white persons as in Negroes. There is a 
neral feeling that the incidence is greater and 
e course more rapid in persons of light com- 
exion who do not tan but burn or freckle. 
Melanomas have been reported in albinos 
ily twice.555? In one case the tumor arose from 
pre-existing non-pigmented nevus and the 
es of metastases remained non-pigmented. 
| the other a pigmented tumor arose from the 
a 
Melanomas are rare in children. However, a 
tal outcome may occur at any age.?? Two 
ses were reported in which primary mela- 
»mas originated prenatally and subsequently 
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Fic. 11. A, hyperpigmented skin graft. B, hypopigmented skin graft. 


caused death of the infants.'^" Two other 
infants died of metastases from melanomas in the 
mother.7??.7* 

In adults the melanoma is the commonest 
malignancy of the eye and metastatic melanoma 
is the commonest tumor of the heart. Pregnancy 
increases the growth rate of melanomas.?? 

Subungual melanomas occur with equal fre- 
quency on the hands and feet. However, they 
are more common on the thumb than on all 
other fingers combined and more common on 
the great toe than on all other toes combined. 
Nearly seventy cases of melanomas originating 
in the meninges have been described.7* 

Approximately 50 per cent of melanomas 
arise from pre-existing nevi.®® 7775 In almost all 
instances it is the junctional and compound nevi 
which give rise to melanomas. Melanomas seem 
to come from nevi which have been subjected 
to pressure, trauma or sunlight. For example, 
melanomas have been known to develop in nevi 
following a hypodermic needle prick, chicken 
peck, vaccination and ice-pick stab.’*—** Nevi of 
the face, genitalia, feet and nail bed are most 
likely to undergo trauma. In many cases a lesion 
is malignant prior to trauma or cauterization. 
Since more than 10 per cent of the population 
have some type of nevus on the palms and soles, 
it is not practical to excise all these lesions. The 
distribution of melanomas corresponds to the 
sites at which the nevi are most abundant, are 
subjected to trauma or are exposed to sunlight. 
In the distribution of melanomas* the percent- 
age is as follows: trunk, 24; head and neck, 22; 
leg, 18; sole, 9; arm, 9; eye, 5; genitalia, 3; sub- 
ungual, 3; oronasal and esophageal, 2; anorectal, 
2; palm, 1, and primary site unknown, 2 per 
cent. 
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Melanomas are responsible ‘or approximately 
1 per cent of deaths caused by malignant 
tumors. Twenty-five per cent of deaths due to 
melanoma occur within the first year of the 
disease, 62 per cent between one and five years 
and 13 per cent after the tumor has been present 
more than five years. Approximately 14 per cent 
of patients with metastases to the regional lymph 
nodes survive five years. It is claimed that 40 
per cent of patients without metastases to 
regional nodes survive five years. However, it is 
possible that not all primary lesions in this 
latter group were melanomas. Women tend to 
survive longer than men. Eye melanomas offer a 
better prognosis than those from other sites. 99.67.55 

Although the diagnosis of melanoma can be 
made clinically in certain obvicus cases, micro- 
scopic examination is essential. Clinically, 
melanomas can simulate pyogenic granulomas, 
angiomas, seborrheic keratoses, nevi, basal or 
squamous cell carcinomas, Kaposi’s sarcoma, 
foreign bodies, and the like. Same melanomas 
can be diagnosed microscopically with ease but 
in many cases the diagnosis cannot be made 
readily. Microscopically, a melanoma may show 
(1) an inflammatory infiltrate at the periphery 
of the lesion, (2) more than an oceasional mitotic 
figure, (3) giant cells with a single bizarre 
nucleus, (4) marked pleomorphism, (5) gen- 
eral enlargement of all tumor cells and (6) 
tumor cells and mitoses in the epidermis.*! 
Pigment may not be present. 

Melanoma patients often seem to have multi- 
ple primary tumors. That is, biopsy of a clinically 
benign nevus, distant from the primary mela- 
noma, often shows malignant changes micro- 
scopically. Perhaps systemic chamges occur in 
these patients so that the melanecytes appear 
more malignant. 

The question has been raised as to whether or 
not it is possible to distinguish between mela- 
nomas and non-malignant pigmented lesions on 
the basis of the quantity or activity of tyrosinase 
present. When large pieces of fresh melanoma 
tissue are incubated in solutions cf tyrosine or 
dopa under the proper conditions, melanin is 
formed and the tissue turns dark. This experi- 
ment has not been done with melanomas from 
an albino. If tumors other than melanomas are 
incubated with dopa, pigment may form be- 
cause dopa is oxidized readily. However, the 
reaction is much more specific with tyrosine. 

When the tyrosine and dopa reactions are 
carried out on thin sections of fresh melanoma 
tissue, microscopic examination shows that the 


substrates are converted to melanin. Here again 
the tyrosine reaction is more specific but less 
sensitive than that with dopa. Whether or not 
the total or active tyrosinase per melanocyte or 
melanin granule is greater in melanomas than in 
normal melanocytes remains to be proved. 


NON-MELANOCYTE MELANIN 


In this paper primary attention has been 
given to melanin formed from tyrosine when the 
principal reactions take place in the melanocyte. 
In considering natural pigments in micro- 
organisms, plants and animals, it is necessary 
to define melanin in a broad sense as a dark 
pigment formed by the oxidation and poly- 
merization of a polyhydroxy (or polyamino) 
aromatic compound with hydroxy or amino 
groups in the ortho or para positions. With this 
broad definition, one can say that the pigment 
in patients with ochronosis, phenol poisoning 
and melanosis coli is melanin. Ochronosis 
occurs in patients with alkaptonuria who have a 
genetic lack of homogentisase. They are unable 
to split the ring of homogentisic acid, which is 
a normal oxidation production of tyrosine in the 
liver, to form fumarylacetoacetic acid.'® Homo- 
gentisic acid, a paradihydroxyphenyl compound, 
accumulates and is oxidized in tissues such as 
cartilage to a dark pigment. The oxidation 
probably occurs as a non-specific reaction in the 
presence of oxidizing systems such as cyto- 
chrome C-cytochrome oxidase. 
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Exposure to phenol and related compounds 
can result in increased pigmentation of the skin. 
It is likely that polyhydroxy phenol derivatives 
are formed from phenol and oxidized to a 
pigment. 

Melanosis of the large bowel occurs in persons 
who have used cascara as a laxative for long 
periods of time. Cascara contains emodin, 
an anthraquinone, which is probably oxidized 
in the presence of microorganisms in the colon to 
a black pigment that becomes attached to 
proteins of the mucosal wall. 
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SUMMARY 


The mechanisms of normal and abnormal 
melanin pigmentation are discussed, with special 
reference to the cytology of melanocytes, 
enzymic factors concerned with melanin forma- 
tion and hormonal and neurogenic control of 
melanocyte activity. An attempt is made to 
integrate these factors in order to explain clinical 
variations in pigmentation. 
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ULTIPLE modifications of insulin, par- 
M ticularly the protamine zinc, NPH and 
A. globin preparations, have been avail- 
able for several years. Recently, the number of 
modified insulins has been further augmented 
by the introduction of the insulin-zinc suspen- 
sions or lente insulins. The physician must think 
of the effects of each modification and of certain 
combinations of them, not only in respect to 
the physiologic activity of insulin in general but 
also in terms of the three special dimensions of 
action, namely, promptness, intensity and dura- 
tion. With so many variables to be considered 
the insulin situation is inherently confusing and a 
brief review, with emphasis on the new insulin- 
zinc preparations, seems to be in order. 

The insulin-zinc suspensions have become 
available at a time when there is no pressing 
need in this country for such modifications. 
Physicians already . have at their disposal 
preparations which, either singly or in combina- 
tions, have timing characterisücs which fit 
reasonably well the needs of virtually all diabetic 
patients under almost all circumstances. Now, 
however, there is a plethora of modified insulins, 
with considerable duplication of the effects 
of certain preparations. As Colwell! has pointed 
out, had the lente modifications been discovered 
some twenty years ago it seems doubtful that any 
of the protein depot insulins ever would have 
emerged at all, for the newer preparations 
promise to provide all the gradations of timing 
of action that previously were offered by prota- 


mine zinc, NPH and globin insulin, alone or in 
mixtures with zoluble insulin. 

Nevertheless, the lente insulins are un- 
doubtedly with us to stay and probably offer 
certain advantages over their predecessors. In 
this article an =ffort will be made to review the 
background fo- the development of these modi- 
fied insulins, tc comment briefly on their clinical 
use, and to inculge in some speculations regard- 
ing the future of modified insulins. 


SOME GENERAL OBSERVATIONS 


It is not aways recognized that there is a 
great variabili-y in response to treatment among ` 
diabetic patients who require insulin. The rea- 
sons for this variability are not well understood. 
Perhaps variations in response indicate that 
there are different forms of diabetes, different 
etiologic factcrs, or possibly only differences in 
the intensity 5f the disease. In any event, it is 
important to be aware of the inherent ease or 
difficulty of therapy in different patients before 
one chooses a program of insulin administration 
for any giver. patient, and particularly before 
one passes judgment on the scope «f usefulness 
of any modification of insulin which is to be 
employed in a large group of patients. Hallas- 
Mgller and his associates?^? have recently 
presented exzensive data on the behavior of 
the blood sugar in response to various insulins in 
sixty-five pat.ents with severe diabetes. Among 
other things, their data re-emphasize the varia- 


* From the Mayo Clinic and Mayo Foundation, Rochester, Minn. The Mayo Foundation is a part of the Graduate 
School of the University of Minnesota. 
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tions in response of different patients to the same 
insulin. 

It should also be recognized that blood sugar 
curves, even if obtained under -he most carefully 
controlled conditions, are not specific indexes 


of the action of the insulin unde study but rather : 


are an expression of the interaction of a number 
of factors. These include, in addition to the 
preparation of insulin emploved, the patient 
as a whole, the type of diabetes which affects 
him, his diet, his physical activity or lack of it, 
his emotional state, the technic and site of injec- 
tion of insulin, and perhaps other factors. In the 
brittle or unstable diabetic patient there may be 
variable and unpredictable alterations in some 
of these factors from time to time. Clinical 
experience has shown that nc preparation of 
insulin can be expected to overcome all sources 
of variation in the behavior of this type of 
diabetes. It has often been stated that the 
ultimate goal in the developmert of insulin is an 
“automatic” insulin, that is, a preparation the 
rate of absorption of which from the site of 
subcutaneous injection will be determined by the 
level of the blood sugar or some other index of 
metabolic need. Unfortunately, there is no 
immediate praspect for the development of an 
insulin with such a high order of intellect and 
the physician must therefore make the best possi- 
ble use of insulins which are currently available. 
Any discussion of the niceties of action of 
insulin in clinical practice must be preceded by 
consideration of the question, Is control of 
diabetes impor-ant? This is not the place for a 
detailed discussion of this vital ard controversial 
question. However, there is a growing impres- 
sion, and some moderately conviacing evidence, 
that poor control of sugar in -he blood and 
urine may be a factor in the cevelopment of 
the degenerative complications of diabetes and, 
conversely, that good control o? sugar in the 
blood and urin2 tends to prevert or delay the 
development of such complications. In any 
event, efforts to control diabetes seem to be 
advisable until such time as control has been 
conclusively Shown to be unimportant. The dis- 
cussion which follows is therefore predicated on 
the assumption that, in the present state of 
knowledge, control of diabetes is desirable. 


EVOLUTION OF THE MODIFIEL INSULINS 


If one concedes that control o? diabetes is a 
worth while objective, then the timing character- 
istics of the insulin or combination of insulins 
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employed in each case assume considerable 
importance. Obviously, precise control cannot 
be achieved with a reasonably simple program 
of insulin administration unless the timing of the 
action of the insulin is well fitted to the needs of 
the individual patient. 

The shortcomings inherent in the quick, 
intense and brief action of soluble insulin 
(regular and crystalline) and in the slow, weak 
and prolonged action of protamine zinc insulin 
are now generally appreciated. Intermediate- 
acting modifications were developed in response 
to a need for preparations the timing character- 
istics of which would be more consonant with the 
requirements of the majority of diabetic patients. 
The first such modifications which found wide 
use were mixtures of protamine zinc insulin and 
soluble insulin. The action and clinical use of 
such mixtures were. thoroughly studied and 
described by Colwell and his collaborators.4~® 
Mixtures, when prepared extemporaneously in 
the syringe, provided necessary flexibility of 
quick and slow action for varying needs. They 
were used extensively in our own practice^? and 
that of many others but obstacles were presented 
by their inconvenience and the difficulties which 
some patients experienced in mastering their use. 

The combining of quick and prolonged actions 
in one insulin with intermediate timing char- 
acter.stics was a step in the right direction. The 
first such insulin available for general use in this 
country was globin insulin. Although con- 
trolled studies!!! showed its timing character- 
istics to be essentially similar to those of 2:1 mix- 
tures of soluble insulin and protamine zinc 
insulin (the most commonly used proportions) 
and to those of NPH insulin, some observers 
gained the clinical impression that the action of 
a single morning dose of globin insulin was a 
little too short to maintain control of some cases 
of severe diabetes throughout the succeeding 
twenty-four hours. 

NP-1 or isophane insulin?? accurately repro- 
duced the action of 2:1 mixtures!}!3"l7 and 
promptly gained wide acceptance in this coun- 
try. In our own practice, and that of many 
others. the majority of patients who had been 
under treatment with mixtures were changed to 
NPH insulin when the opportunity presented 
itself. Generally speaking, the results were good. 
When necessary, the timing characteristics of 
NPH insulin could be altered in the direction of 
greater speed by the admixture of small amounts 
of soluble insulin. For the few patients who 
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required a less intense insulin action during 
the day than was provided by NPH insulin, 
either the admixture of protamine zinc insulin 
with NPH insulin (which was rarely done) or 
the use of mixtures of soluble and protamine zinc 
insulin in a ratio of less than 2:1 was possible. 

Thus insulins and combinations of insulins 
that fitted the needs of virtually all diabetic 
patients were at hand. Soluble insulin con- 
tinued to be available for use in emergencies. 
NPH and globin insulin were well adapted to 
the day-by-day needs of most diabetic patients. 
The action of either could be accelerated, when 
necessary, by the addition of soluble insulin. 
Mixtures of protamine zinc insulin and soluble 
insulin could be adjusted to provide any other 
desired timing of insulin action. Insulin allergy 
was an infrequent problem. One could reason- 
ably ask the question, What real need is there for 
additional insulin modifications? 

It is apparent that if one thinks only in terms 
of the timing characteristics of insulin action, 
there was no pressing necessity for the introduc- 
tion of the lente modifications. However, as will 
be brought out, these new modifications may 
provide slight advantages over other prepara- 
tions, namely (1) a greater degree of “purity” 
owing to the absence of such modifying agents as 
protamine and globin, (2) a possibly diminished 
incidence of insulin allergy and (3) a possible 
ultüimate reduction in the number of insulins 
from which the harried physician must choose. 

The chemical characteristics of the currently 
available insulin modifications are shown in 
Table 1. It will be noted that the essential consti- 
tuents of all the modifications prior to the lente 
insulins were insulin, zinc, a buffer (except in the 
case of globin insulin) and a modifying agent in 
the form of either protamine or globin. 


THE LENTE INSULINS 


Probably the most unusual aspect of Hallas- 
Mgller's!*:1? discovery of the insulin-zinc modi- 
fications was his astute observation that the 
simple omission of phosphate or citrate buffer, 
and the employment of acetate buffer instead, 
enabled relatively small amounts of added zinc 
ion to exert a depressing effect on the solubility 
of insulin and hence on the rate of absorption of 
‘the hormone from sites of injection. Since the 
affinity of zinc for phosphate and citrate is 
greater than for insulin, the presence of these 
buffering agents effectively prevents or impedes 
the combination of zinc and insulin. Scott and 
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Fisher?! had shown in 1935 that the addition 
of rather large amounts of zinc to solutions of 
insulin contairing phosphate buffer caused a 
pronounced prolongation of the action of the 
hormone when injected subcutaneously in 
rabbits. Rabinowitch and associates?! had 


TABLE I 
CONTENT OF ZI4C, BUFFER AND MODIFYING PROTEIN 
OF VARIOUS INSULINS 








Zinc 
Content Modifvi 
Insulin Lescription |. (mg. per Buffer scien ic 
Protein 
1,000 
units) 
Sheri Action 
Amorphous...... | Folution 0-0.4 | None None 
Crystalline....... Solution 0.16-0.4 | None None 
Semilente........ Suspension 2-2.5 | Sodium None 
1 acetate 
Intermediate Action 
NPH  ouecsver ds Suspension | 0.16-0.4 | Sodium Protamine 
phosphate i 
Globins ds 3olution 2.5 -3.5 | None .Globin 
LeniBé.oiu uas Suspension 2 -2.5 | Sodium None 
acetate — | 
i 
Prolonged Action 
Protamine zinc.,.| Suspension 2 -2.5 | Sodium Protaminz 
phosphate 
Ultralente....... Suspension 2 -2.5 | Sodium None 


acetate 





demonstratec the- prolonged action of such 
preparations in diabetic patients. However, the 
amounts of zinc which it was necessary to add 
were large (400 to 1,000 mg. per 1,000 units) 
and the preparations were not considered suit- 
able for clinscal application. 

Hallas-Me¢ller’s work elucidated a new con- 
cept of the caemical relation of zinc and insulin. 
It conclusively demonstrated that the solubility 
of insulin can be lowered and its action pro- 
longed simply by the addition of zinc under 
appropriate chemical conditions, without re- 
course to protamine or comparable basic 
substances. In the lente insulins the concentra- 
tion of zinc, although remarkably low, is never- 
theless approximately ten times the amount 
necessary for the formation of soluble zinc- 
insulin crystals. (Table 1) By careful adjust- 
ment of th» pH a number of crystalline and 
amorphous preparations can be produced. 
The crystzline compounds are much more 
insoluble taan the amorphous, and therefore 
much longer-acting. 
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Lente Preparations. Of the many different 
types of insulin-zinc suspensions which can be 
prepared under different chemical conditions, 
three have now had clinical tria.. The name given 
to each utilizes the basic term “fente” to indicate 
‘slow action. 

1. Semilente, which is a susoension of zinc- 
insulin crystals in an amorphous state. Its 
action is intermediate betweem the actions of 
soluble insulin and NPH insulin in terms of 
promptness, intensity and durarion. 

2. Ultralente, which is a suspension of zinc- 
insulin crystals of a size of .0 to 20 y. Its 
action is slow, prolonged and of low intensity, 
similar to that of protamine zin? insulin. 

3. Lente, which is a mixture bf the foregoing 
two preparations in proportions of 30 per cent 
semilente and 70 per cent ultralente. As already 
indicated, the timing of its action is almost 
precisely the same as that of NPH insulin. 

Inasmuch as the lente modificetion or mixture 
is the only one currently available on the market 
in this country, and the one which has had the 
most extensive clinical trial bere and else- 
where,?:*:22-65 most of the comments which 
follow will be limited to this preparation. In 
addition, some predictions of the ultimate place 
of semilente and ultralente modifcations, which 
no doubt soon will be available, vill be made. 

Experience to date indicates that lente insulin 
and NPH insulin can usually be used inter- 
changeably. In an occasional cas2 the action of 
lente insulin has seemed a little less intense and 
more prolonged than that of NPH insulin. 
Generally speaking, however, it -s our current 
impression that one must look esewhere than 
timing characteristics for advantages of lente 
insulin over other preparations with inter- 
mediate action. 

Is the “Purity? of Lente Insulin an Important 
Advantage? | Lente insulin, containang as it does 
no modifying protein, fits in with a developing 
trend toward purity in drugs and hormones for 
clinical use. That such a trend actually exists is 
attested by the gradual replacement in clinical 
medicine of such agents as digitalis leaf by pure 
cardiac glucosides, relatively crade . adreno- 
cortical extracts by synthetic steroid hormones in 
crystalline form, plant antispasmcdics such as 
belladonna by a variety of syrthetic anti- 
spasmodics, and many similar examples. At 
present, it is difficult to assess the iraportance of 
the purity of lente insulin. It has been speculated 
that prolonged administration of protamine in 
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the form of protamine zinc insulin or NPH in- 
sulin might be a factor in the development of the - 
degenerative complications of diabetes but there 
is actually little or no basis for this supposition. 
With the possible exception of the incidence of 
insulin allergy, which is low with any insulin, 
there are no good yardsticks for the appraisal of 
the importance of the purity of lente insulin. 

Insulin Allergy. The literature on lente insulin 
to date suggests that its use is probably attended 
by a lower incidence of local and general 
sensitivity reactions than in the case of insulins 
containing modifying proteins. This is what 
would be anticipated, for protamine and globin 
are undoubtedly responsible for some of the 
sensi-ivity reactions to insulins containing these 
substances. However, it seems likely that any 
insulin made from animal pancreas, no matter 
how pure it might be, will be antigenic in a 
small number of diabetic patients. Hallas- 
Møller and associates!? and others (Murray and 
Wilscn,? Nabarro and Stowers,?? Jersild and 
associates,?? Lawrence and Oakley,*4 and Oak- 
ley*!) have apparently not observed any in- 
stances of insulin allergy among patients treated 
with lente insulin. Their reports were based 
mainly on experience with the Danish prepara- 
tion. Subsequent reports by some of these 
investigators and others (Armstrong and Lloyd*$ 
Greenhouse,9 Holcomb and associates, *$ Peck 
and associates," Gurling and  associates,5 
Stowezs and Nabarro*?) have indicated that the 
British and American lente insulins are capable 
of inducing sensitivity reactions. It appears that 
an insufficient number of cases in which lente 
insulin from various commercial sources has 
been vsed and which have been carefully ob- 
served with respect to the development of 
insulin allergy have yet been reported to provide 
an estimate of the incidence of sensitivity 
reactions. 

Modtification of the Timing Characteristics of 
Lente Insulin. Because of its intermediate timing 
characteristics, lente insulin, like NPH insulin, 
is undoubtedly a suitable preparation for a high 
proportion of all diabetic patients who require 
treatment with insulin. There are, however, a 
few patients for whom its action is either too 
slow and prolonged or too rapid and short. For 
these patients the action of lente insulin must be 
either accelerated and shortened or retarded and 
prolonged. 

Limited experience to date indicates that 
accelera-ion of action can be achieved by mixing 
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small amounts of soluble insulin with lente 
insulin. Apparently the independent actions of 
the two insulins are preserved in the mixture, 
provided that the amount of added soluble 
insulin is small. Colwell! has cautioned that the 
addition of large amounts of soluble insulin to 


TABLE I 
USE OF LENTE INSULINS AT HVIDGRE HOSPITAL, 
,COPENHAGEN, DENMARK 
(REPORT OF JULY, 1954) * 











: Per 

Patients Gent 

Adjusted on the lente insulins...... 1,030 1001 
(Average daily dose, 40 units) 

Dismissed with one injection daily.. 990 961 

Dismissed with two injections daily. 40 4T 


Types of Insulin Employed in the Group Receiving 
One Injection 


Semilente alone. .............0.- 0 Of 
Lente-semilente mixtures......... 93 Ot 
Lente alone................0006; 790 801 
Lente-ultralente mixtures. ........ 100 101 
Ultralente alone. .............L.. | 7 1f 


* Data from Hailas-Mgller.5* 
T Per cent of 1,030, 
t Per cent of 990. 


lente insulin may alter the size and form of the 
insulin-zinc crystals in an unpredictable manner, 
and therefore the rate of release of the hormone 
from sites of injection. In other words, not 
enough is yet known about the action of mix- 
tures of soluble and lente insulin in varying 
proportions to warrant final statements regard- 
ing their clinical application. 

For the future, a more promising method for 
tailoring the timing of insulin action to the 
needs of individual patients may be the prepara- 
. tion of mixtures containing semilente and ultra- 
lente insulins in varying proportions. The two 
insulins can be mixed in any desired proportion 
without altering the chemical or physical prop- 
erties of either. Ultralente and semilente in a 
70:30 proportion (lente insulin) fit the needs of a 
high proportion of all patients who require 
insulin. It should be possible to regulate pa- 
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tients who require a more rapid insulin action 
during the day ən mixtures containing a higher 
proportion of semilente insulin, while the few 
who require a slower action can be regulated on 
mixtures containing a higher proportion of 
ultralente insulin. Hallas-Mgller has recently 
reported on the frequency with which lente- 
semilente and lente-ultralente mixtures have 
been employed in the treatment of a large num- 
ber of diabetic patients in Denmark. (Table 1.) 

The desirec proportion of semilente and 
ultralente insulin in a mixture can be obtained 
either (1) by mixing semilente and ultralente 
insulin or (2) by mixing lente with either semi- 
lente or ultralemte insulin. Careful education of 
the medical profession, to say nothing of 
diabetic patients, will be necessary if confusion is 
to be avoided in the preparation of such 
mixtures. 


OBSERVATIONS ON 100 CONSECUTIVE PATIENTS 
TREATED WITH LENTE INSULIN 


A review of the records of 100 consecutive 
ambulatory diebetic patients who have been 
treated with lente insulin at, the Mayo Clinic 
since January 1. 1955, tends to confirm many of 
the foregoing cbservations.* Most of the 100 
patients had no- previously been under our care 
and came to us on a variety of different pro- 
grams of insulin administration. The principal 
reasons for the decision to treat them with lente 
insulin were as follows: (1) Inadequate control 
of daytime glycosuria and occurrence of noc- — 
turnal hypoglycemic reactions during treatment 
with protamine zinc insulin alone or with 
mixtures of protamine zinc insulin and soluble 
insulin which ccntained too high a proportion of 
protamine zinc insulin (twenty-four patients). 
(2) Greater convenience of one daily dose of 
lente insulin as compared with mixed doses of 
protamine zinc insulin and soluble insulin (five 
patients). (3) Iaadequacy or inconvenience of 
multiple doses cf soluble insulin (four patients). 
(4) Daytime reactions and inadequate over- 
night control during treatment ,with globin 
insulin in single morning doses (four patients). 
(5) Local allerzic reactions to NPH insulin, 
protamine zinc insulin or soluble insulin (six 
patients). (6) Patients arbitrarily changed from 
NPH insulin or protamine zinc insulin to lente 
insulin for no clear-cut reason (sixteen patients). 

* Supplies of lente insulin for preliminary studies were 


kindly provided by the Lilly Research Laboratories, 
Indianapolis, Ind. 
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(7) Patients not previously treated with insulin 
and arbitrarily chosen for treatment with lente 
insulin (twenty-six patients). (8) Patients al- 
ready under treatment with lente insulin when 
first seen (fifteen patients). 

... Yt will be noted that the reasons for the em- 
ployment of lente insulin in preference to other 
intermediate-acting insulins were usually not of a 
compelling nature. The principal gains from 
the change to lente insulin, if any occurred, 
were increased convenience and improvement of 
control. In most instances one or both of these 
advantages could as well have been achieved by 
the use of one of the other intermediate-acting 
insulins. For example, patients whose previous 
control with protamine zinc insulin alone had 
been inadequate could have been treated as well 
with one o: the other intermediate-acting 
preparations as with lente insuiin. There was no 
discernible advantage in changing from NPH 
to lente insulin. In a few instances, lente insulin 
seemed to provide better control than globin 
insulin by virtue of a less intense and more pro- 
longed action. 

Observations in Six Cases of Insulin Allergy. As 
already indicated, six of the patients who were 
treated with lente insulin had experienced local 
allergic reactions to the preparation which they 
had previously employed. None of these derived 
. complete relief by the substitution of lente 
insulin. Two felt that their local reactions were 
as intense as before, while in the remaining four 
patients sligkt to marked diminution in the 
intensity of the local reaction was reported. 
Among the latter four patients was one with 
insulin atrophy. Subsequent observation of this 
patient, however, indicated taat lente insulin 
was producing mild but definite atrophy as well 
as local sensitivity reactions. 

Mixtures of Lente and Soluble Insulin. Such 
mixtures were employed in seven cases. In each 
of these the ratio of units of lente to units of 
soluble insulin was high, the lowest ratio being 
7:3. As far as could be determined, the use of 
relatively small amounts of soluble insulin 
produced a. satisfactory acceleration of insulin 
action without noticeably altering the depot 
characteristics of the lente insulin. The possibil- 
ity exists, however, that employment of larger 
amounts of soluble insulin in such mixtures, with 
consequent alteration of pH, might change the 
character of the crystals of lente insulin and 
therefore their depot 'effect. 

The Use of Two Doses of Lente Insulin. It has 
long been our belief that improved control can 
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be achieved in a small group of patients with 
unstable diabetes by the use of two daily doses of 
intermediate-acting insulin. It has been our 
practice to administer the two doses before 
breakfast and before supper; others have admin- 
istered the evening dose at bedtime. We know of 
no data which demonstrate which of these 
methods is to be preferred. | 

In the present series of 100 patients five were 
treated with two daily doses of lente insulin. All 
five had unstable diabetes which had not been 
well controlled on any program involving a 
single morning dose of insulin. The morning 
doses were from two to six times as large as the 
evening doses. In one instance the morning dose 
was a mixture of lente and soluble insulins. In 
the other five instances lente E alone was 
employed. 

The advantages of the use of lente and other 
intermediate-acting insulins in this manner in 
some cases of unstable or brittle diabetes seem to 
outweigh the disadvantage of two daily injec- 
tions of insulin. In our opinion, it is a method of 
treatment which deserves more extensive ap- 
plication to severe diabetes than it now has. 


THE FUTURE PLACE OF INSULIN-ZINC SUSPENSIONS 


For the manv physicians who treat only a few 
diabetic patients and who find it difficult to 
focus their attention on the finer subdivisions of 
the insulin field, the addition of three new modi- 
fications of insulin to those already available is 
more likely to 5e confusing than helpful. From 
this point of view, the introduction of semilente, 
lente and ultralente insulin is to be viewed with 
some misgivings, especially since their advan- 
tages over existing preparations are not great 
and, indeed, in the individual case will usually 
be difficult to recognize or demonstrate. 

On the other hand, with the passage of time it 
is not unlikely that the new preparations, by 
substituting for and replacing existing prepara- 
tions, may help to bring about a reduction in 
the number of insulins from which the physician 
must choose. Insulin manufacturers might well 
do what they can to hasten the replacement of 
some of the existing preparations with the lente 
insulins. Certainly the new insulins will make 
it possible for patient and physician to obtain 
any desired timing of insulin action either by 
using lente insulin alone or by using semilente 
and ultralente insulin in proper proportions. 
As Colwell! has pointed out, it remains to be 
determined whether predictability of action and 
consistency of response to these insulins will be 
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greater than in the case of the protein-precipi- 
tated insulins. If the insulin-zinc suspensions are 
not inferior in this respect, and there is no reason 
to anticipate that they will be inferior, there is no 
compelling reason why they should not eventu- 
ally take the place now held by the protein- 
precipitated insulins in the therapy of diabetes. 
They will not, of course, replace soluble insulin 
for the treatment of emergencies such as diabetic 
acidosis. 


SUMMARY 


For some time the physician who is con- 
cerned with the treatment of diabetes has had at 
his disposal good preparations of insulin with 
timing characteristics which are suitable for 
almost all diabetic patients under almost all 
circumstances. In the past fifteen years there has 
been increasing appreciation of the fact that 
insulins with timing characteristics intermediate 
between those of soluble insulin and protamine 
zinc insulin provide excellent replacement 
therapy for the great majority of patients who 
require insulin. These preparations include 
NPH insulin, globin insulin and appropriate 
mixtures of soluble insulin and protamine zinc 
insulin. 

While one's first reaction to the introduction of 
the new insulin-zinc suspensions is likely to 
emphasize the confusion resulting from the 


availability of additional insulins, it is not: 


unlikely that the new preparations, by virtue of 
their freedom from modifying proteins and their 
probable adaptability to the needs of almost 
all diabetic patients, may eventually substitute 
for and replace all of the existing preparations 
except regular insulin and crystalline insulin. 
Such a course of events, while it might take a 
long time, could be accelerated by the insulin 
manufacturers and would simplify a confusing 
situation. 

Observations on 100 consecutive patients 
with diabetes mellitus treated with lente insulin 
are presented. 

With the introduction of the insulin-zinc 
suspensions, it is difficult to conceive of any 
further important practical developments in the 
field of injectable modified insulins, short 
of an “automatic” insulin whose rate of release 


from the site of injection would be determined by: 


the level of the blood sugar. We know of no 
prospect for the development of such an insulin 
in the foreseeable future. At present the most 
fruitful field for improvement of the treatment of 
diabetes is the clinical use of currently available 
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insulins to the best possible advantage of the 
patient. 
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ASCULAR disease is generally recognized 
\ ) as the most important problem in 
clinical diabetes today. Seventy per cent 
of diabetic deaths in Joslin’s clinical cases? and 
47 per cent in Bells? postmortem series were 
caused by arteriosclerosis. By comparison, 30 per 
cent of deaths in the general population are 
ascribed to this cause.? What is more striking, 
indeed appalling, is the high incidence of 
vascular degeneration in young patients with 
long-standing diabetes. White and Waskow,* 
for example, found that of 200 such patients 
whose diabetes had begun in childhood and who 
had survived for twenty years or more, 92 per 
cent were so affected. It is apparent that 
senescence plays a far lesser role than does 
diabetes itself, or some factor associated with it, 
in the vascular disorders of this disease. 


THE LESIONS AND THEIR CLINICAL EFFECTS 


The clinically important vessels involved are 

for the most part the medium-sized arteries of 
the myocardium, lower limbs and brain; the 
arterioles, especially of the kidney; and the 
capillaries of the renal glomeruli and retina. . 
- Atherosclerosis and Arteriolosclerosis. ‘The char- 
acteristic lesion of the medium-sized arteries in 
diabetes is atherosclerosis.5 This term is used to 
describe focal thickenings of the intima which 
contain greater or lesser amounts of lipids and, in 
the later stages, calcium. It is these lesions that 
are responsible for most of the occlusive vascular 
phenomena which constitute the largest single 
cause of death in the diabetic population. 

Arteriolosclerosis of the kidney, affecting par- 
ticularly the afferent and efferent vessels of the 
glomeruli, is marked by hyalinization of the 
arteriolar wall. Although often observed in other 
conditions, such as chronic glomerulonephritis 
and essential hypertension, it occurs with greater 


frequency and with much greater intensity, ac- 
cording to Bell, in long-standing diabetes, par- 
ticularly in vounger patients with hypertension. 
Intercapillery Glomerulosclerosis. Notwithstand- 
ing the importance of disease of the arterial 
system, which after all occurs commonly enough 
in non-diabe-ic persons, disease of the capillaries 
has receivec :ncreasing attention because certain 
forms of it are almost uniquely an accompani- 
ment of the diabetic state. | 
Characterstic alterations of the renal glom- 
eruli were cescribed in association with diabetes 
in 1936 by Kimmelstiel and Wilson," who called 
the condition “intercapillary glomerulosclero- 
sis." Their andings were quickly and widely 
confirmed tut there has been disagreement as to 
whether the -esions arise between the glomerular 
capillaries, as the original term implies, or in the 
basement membrane of the capillary itself. At 
any rate there occurs, probably as the earliest 
change, an axial thickening in the supporting 
structure of the glomerular tuft. This has been 
referred to as the diffuse form of the disease,‘ 
and it may progress in extent and severity with- 
out the development of nodules. In many cases, 
however, the process goes on, by steps as yet 
unknown,® to the formation of spheroid nodules 
resembling hyaline. These stain pink with 
hematoxylir and eosin and readily accept the 
periodic acid-Schiff reagent, a property which 
suggests that they contain a carbohydrate, 
probably a mucopolysaccharide.’ That they are 
not composed of the usual hyalinesis indicated by 
the fact that they are more resistant than this 
material to digestion with trypsin.'° Some of 
the nodules are laminated, and many of them 
contain lipids, according to Wilens,! who has 
proposed that the deposition of fatty substances 
may be primary in their pathogenesis. Dila- 
tations of zhe capillaries,? which have been 


* For a more detailed treatment of this subject, as well as a more comprehersive bibliography than this article provides, 
the reader is referred to the excellent review o7 LeCompte.! 
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likened by FriedenwaldP to the microaneurysms 
of the retina, have been described. 

The diffuse type of glomerular involvement, 
while seen far more commonly in diabetes than 
- in other conditions, does not seem to be specific 
for that disease for similar lesions are found in 
some cases of glomerulonephritis*4^ and in aged 
individuals.!* The nodular type, however, par- 
ticularly when severe, is for all practical purposes 
confined to the kidneys of diabetic patients. !° 

The frequency with which intercapillary 
glomerulosclerosis is found among diabetics at 
necropsy has been variously reported to be from 
2018 to 641” per cent. This variation is doubtless 
explained in large part by differences in the 
stringency of the histologic criteria adopted for 
diagnosis. 

The clinical manifestations of intercapillary 
glomerulosclerosis, when fully developed, con- 
sist of albuminuria, edema and hypertension. 
Retinopathy, which is basically “diabetic” 
in appearance and origin but may have “hyper- 
tensive” elements, is the rule. Doubly refrac- 
tive fat, both in the free form and in casts, is 
usually found in the urine.'* Anemia is common, 
hypoproteinemia less so, and azotemia appears 
with the advent of renal insufficiency. 

Considering the difficulties of fixing the time 
at which the renal disease actually begins, it is 
safe to state that its course is relatively slow. 
Henderson and his collaborators,'^ in a review of 
postmortem records, found that patients sur- 
vived for months to years after the syndrome had 
been recognized, whereas the terminal illness 
of patients with glomerulonephritis was of one to 
four months’ duration. ‘The chronology of events 
in thirteen fatal cases of “diabetic nephropathy” 
(vide infra) has been summarized by Wilson, 
Root and Marble as follows:!? In terms of 
average patient age, diabetes began at 14.2 
years, “nephropathy” at 22.0 years and death 
occurred at 33.0 years. Among the sixty-one 
cases studied by Henderson!* death was.caused 
by cardiovascular disease in 52.5 per cent and by 
renal insufficiency in only one case. It is impor- 
tant to realize? however, that the average age of 
these patients at death was sixty years. In studies 
of younger patients based on clinical records, 
Root”? found “nephritis”? to be the cause of 
death in 30 per cent and heart disease in 32 per 
cent of 531 patients with onset of diabetes prior 
to thirty years of age and duration over fifteen 
years; and Joslin and Wilson?! report death from 
“nephritis” in 52 per cent of 135 juvenile 
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diabetic patients who died between 1944 and 
1949. Thus renal disease seems to account for a 
higher proportion of deaths as age at death 
decreases. It should be noted that the term 
“nephritis,” and later “nephropathy,” (as used 
by the Joslin group) includes nephrosclerosis and 
pyelonephritis as well as intercapillary glomer- 
ulosclerosis. This renders impossible a strict 
comparison of tbeir clinical data with those on 
only intercapillary glomerulosclerosis obtained 
at necropsy. Such terminology, however, seems 
unavaidable in view of the lack of complete 
correlation between clinical manifestations and 
the histologically proved presence of the Kim- 
melstiel-Wilson lesion. Biopsies of the kidney 
during life,?*?? as well as postmortem studies, !:*4 
reveal that not all patients with this lesion ex- . 
hibit symptoms and not all patients with sug- 
gestive symptoms have the lesion. 

Zubrod, Eversole and Dana?* have made the 
interesting observation that diabetes tends to be, 
or become, mild and acidosis rare in individuals 
with proved intercapillary glomerulosclerosis. 
However, the fact that younger patients with 
long-term diabetes of great severity—a group but 
scantily represented in that study—have a high 
incidence of renal disease prevents acceptance 
of the authors conclusions as being generally 
applicable. They have indeed been challenged 
by Runyan and co-workers?® who reported in a 
similar study of necropsy and clinical records 
that patients with and without the specific 
glomerular lesion experienced much the same 
changes in their insulin requirements as the 
illness became terminal, approximately 26 per 
cent of both groups needing more, 38 per cent 
less and 34 per cent the same amount of insulin 
as: compared with their earlier requirements. 
The laiter authors also found that twenty-five 
episodes of acidosis had occurred in the fourteen 
patients with specific renal disease and eleven 
episodes in the nine patients without it. They 
have provided a probable explanation for the 
diminished insulin requirement in some cases 
by following the dietary histories of five living 
diabetic patients during the onset and progres- 
sion of kidney disease and demonstrating a 
marked. diminution of food intake. They suggest 
that failure to lose weight, cited by Zubrod as 
evidenc2 against a decreased consumption of 
food, may be due to progressive edema. 

Diabetic Retinopathy. Retinopathy comprises 
the other great class of capillary lesions in 
diabetes. Its earliest manifestation is the appear- 
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ance of tiny saccular dilatations arising from the 
venous side of the capillary bed in the inner 
nuclear layer of the retina. These micro- 
aneurysms, as they have been termed by Bal- 
lantyne and Lowenstein,?’ vary in size from 30 
to 90 u in diameter, hence many of them can be 
seen with the ophthalmoscope. Some of them are 
undoubtedly what used to be described as 
“punctate hemorrhages.” While the latter 
certainly occur, and definite distinction is often 
difficult during life, the microaneurysms have 
borders that are sharply circumscribed instead 
of fuzzy and they may be seen in exactly 
the same place for months or years instead of 
undergoing absorption and scarring. The walls 
of some are thin and presumably rupture easily, 
while others have thick walls that appear to 
contain hyaline, an observation which suggested 
to Friedenwald'* that these aneurysms and the 
glomerular nodules of the Kimmelstiel-Wilson 
lesion may be chemically, and even patho- 
genetically, related. In addition to the capil- 
laries, the veins are frequently involved, being 
rather uniformly dilated in the early stages 
and later showing marked tortuosity and bead- 
ing. Sclerosis of the arteries also occurs but is 
less specific and less striking than the venous 
lesions. Disease of both capillaries and veins 
leads to retinal hemorrhages which vary in 
size from minute to massive, sometimes invading 
the vitreous. Exudates, which appear “hard” 
and yellowish in contrast to those of hyperten- 
sion and glomerulonephritis, are of common 
occurrence. Extensive growth of new vessels 
(retinitis proliferans) and scar formation may 
result in retinal detachment. 

As in the case of intercapillary glomerulo- 
sclerosis, retinal microaneurysms are not entirely 
specific for diabetes but they are seen far more 
commonly in this condition than in others.?? 
They have been reported in cases of severe 
hypertension, in patients with glaucoma and 
even in supposedly normal individuals, and 
have been observed both experimentally and 
clinically in occlusion of the central vein of the 
retina.?? What role, if any, venous stasis plays in 
the production of microaneurysms in diabetic 
persons is conjectural. Certainly they occur 
frequently in the absence of both arterial hyper- 
tension and retinal arteriosclerosis.?? 

Henderson and his colleagues! have called 
attention to. the disturbing increase in the 
incidence of retinopathy among diabetic pa- 
tients as revealed by a succession of studies at the 
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Mayo Clinic. In 1921 the frequency was 8.3 per 
cent; in 1934, 17.7 per cent and in 1945, 30.6 
per cent. These figures are for all age groups and, 
moreover, do not take account of the duration of 
diabetes which is a factor of the greatest impor- 
tance in determining the development of 
retinopathy. It is surely, at least in part, the 
short duration of life, as well as of diabetes, that 
explains the low incidence of retinopathy in 
1921, just as the much longer duration of both 
contributes to its high incidence in the present 
day. 

The clinxal symptoms of retinopathy vary 
from minimal disturbance of vision to complete 
blindness. The latter may occur within a few 
months of onset but usually the course of the 
disease is measured in years. The author has 
observed a number of patients with minimal 
retinopathy which has apparently remained 
stationary cver periods up to five years. In the 
more sever? cases secondary glaucoma is not 
uncommon 

The close, although not universal, association 
between diabetic retinopathy and intercapillary 
glomerulosclerosis is well established. Hender- 
soni! reports retinopathy. in 68.8 per cent of cases 
in which th» presence of the nodular renal lesions 
was proved by necropsy but in only 22.8 per cent 
of cases in which the absence of such lesions was 
so proved. This means that nearly one-third of 
patients with unquestionable intercapillary glo- 
merulosclerosis had no clinically recognizable 
retinopathy. It must be pointed out, however, 
that retinopathy, or lack of it, in these cases had 
been determined ophthalmoscopically during 
life. When Ashton,? and later Friedenwald,*! 
examined both the kidneys and the retinas of 
diabetic patients microscopically, no Kimmel- 
stiel-Wilson lesions were found in the absence of 
retinal microaneurysms. On the other hand, the 
existence cf retinopathy does not guarantee the 
presence of the renal lesions, for when the kidneys 
of patienc: with microscopically demonstrated 
retinal arcurysms were examined intercapillary 
glomerulosclerosis was found in oply 58 per cent 
by both Ashton and Friedenwald. 

The involvement of the capillaries of the 
kidney and retina led Ashton to a search for 
similar lesions in other tissues.2? The results 
were negative. While increased capillary fragil- 
ity has been demonstrated by the tourniquet 
test in patients with diabetic retinopathy,?? 
structural changes in the cutaneous capillaries 
have not been described. Ditzel??9* has reported 
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abnormal patterns in the conjunctival vessels of 
living diabetic patients and, in some cases, their 
blood relatives. This potentially important 
observation awaits confirmation. 


CIRCUMSTANCES AFFECTING THE OCCURRENCE OF 
VASCULAR DISEASE IN DIABETES 


Heredity. Primary among the many questions 
of which our problem is composed is that of 
whether susceptibility to vascular Cegeneration is 
a result of the diabetic state or whether it is 
hereditary or constitutional, being passed on to 
succeeding generations along with the tendency 
to diabetes itself. Conceivably, both might be 
true, one factor reinforcing the other. If diabetes 
alone were responsible, one would expect to find 
a correlation between the frequency and severity 
of vascular disease on the one hand and, on the 
other, the duration and magn:tude of the 
metabolic disturbances. There is in fact some 
such correlation and its importance is very great 
but it appears to fail in a significant number of 
cases. Vascular lesions are seen in some patients 
with presumably early and certainly mild 
diabetes and are sometimes not demonstrable 
in patients whose diabetes is of long standing, 
severe and habitually under poor control. It is 
these facts that have raised the question of an 
hereditary influerce. Actually, meaningful data 
on this subject are non-existent so that it must 
remain for the present a topic for speculation. 

On the other hand, there is evidence in both 
man and animals that diabetes per se, acci- 
dentally or intentionally produced under condi- 
tions which nearly or completely exclude 
genetic influences, sometimes leads to vascular 
degeneration. Lawrence*s cites cases of this kind 
in which diabetes was brought on by gross 
pancreatic disease, and Sprague?5 has described 
a patient in his early forties with a negative 
family history in whom diabetes appeared dur- 
ing the course of chronic relapsing pancreatitis, 
followed by neuritis after seven years, 
diabetic retinopathy after ten years and the 
manifestations of intercapillary glorxerulosclero- 
sis after eleven vears of diabetic symptoms. 
Hudson?! has reported retinal microaneurysms 
in a fifty year old diabetic patient with hemo- 
chromatosis of fifteen years duration. The 
experimental induction of diabetes has been 
followed by sclerosis of the aorta?$ and coronary 
arteries? in dogs and by lesions resembling 
intercapillary glomerulosclerosis in dogs*^! and 
rats.*^** No claim has been made in any case that 
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these lesions were identical with those found in 
man but the observations remain highly 
significant nevertheless. 

Sex. Coronary disease among non-diabetic 
persons occurs several times more frequently in 
males than in females. Diabetes not only in- 
creases by two- or threefold the over-all incidence 
of this disorder but also eliminates the sex 
difference, so that the ratio of males to females 
experiencing myocardial infarction is approxi- 
mately one to one.‘4~47 The same is true for 
arteriosclerosis of the legs, which among non- 
diabetic persons is observed predominantly in 
males**:#9 but among diabetic persons, as 
evidenced by gangrene, occurs as often in wo- 
men as in men.*7.9? 

Although some authors have reported no sex 
difference in the frequency of “chronic renal 
disease" ^" and “nephritis’®! among diabetic 
individaals at necropsy, the majority who have 
confined their studies to intercapillary glomer- 
ulosclerosis have found the percentage of occur- 
rence from one and one-half to two times as great 
in women as in men.9.19,46,52 

Diabetic retinopathy seems to afflict males 
and females with about equal frequency.*”** 
This is surprising in view of the close relation- 
ship between retinopathy and intercapillary 
glomerulosclerosis and the somewhat greater 
predilection of the latter for women. 

The Time Factor: Age of Patients and Duration of 
Diabetes. It is difficult to discuss the effect of 
age on vascular disease without considering 
the effect of duration of diabetes, for the latter, at 
any given age, is a factor more potent than any 
other we know, and within different age groups 
has different degrees of influence. 

Age alone, of course, plays its own role, par- 
ticularly in arterial disease. It is evident from 
Table 1, compiled from the report of Root and 
his colleagues,** that the incidence of coronary 
occlusion at necropsy is nearly four times higher 
in diabetic patients between forty and sixty 
years of age than in those under forty. ‘The cor- 
responding figures for non-diabetic persons, 
however, show a tenfold increase in the older as 
compared with the younger ages, indicating that 
advanced age is of less importance in the pres- 
ence of diabetes than in its absence. Conversely, 
for ages under forty diabetes increases the fre- 
quency of coronary occlusion tenfold while for 
those over forty the increase is only fourfold. 
Diabetes, then, has a more profound effect on 
coronary disease in younger persons than in 


AMERICAN JOURNAL OF MEDICINE 


Degenerative Vascular Disease in Diaketes—Aicketts 


older ones. It seems to have a similar effect on 
peripheral arteriosclerosis in relation to age, for 
- Bell*? has shown that the incidence of gangrene 
is 156 times greater in diabetic than in non- 
diabetic persons between the ages of forty and 
fifty but only eighty-five times greater at ages 


TABLE I 
INCIDENCE OF CORONARY OCCLUSION AT NECROPSY 
IN OLDER AND YOUNGER SUBJECTS WITH AND 
WITHOUT DIABETES * 


Per cent of Cases 
Age under 40 | Age 40 to 60 


Diabetics. ..........0.. 6 23 
Non-diabetics.......... 0.6 6 


* From Root, Bland, Gordon and White.*4 


fifty to sixty and fifty-three times greater at ages 
Sixty to seventy. 

Concerning the vascular lesions that are more 
specific for diabetes, some studies indicate that 
intercapillary glomerulosclerosis occurs predomi- 
nantly in the older ages.*59? No doubt this is 
true, for the older diabetics outnumber the 
younger, but tbere is a growing realization, as 
pointed out by Wilson, Root and Marble,? 
that the highest incidence of this form of renal 
disease is in patients in their thirties and forties 
with long-standing, poorly controlled diabetes. 
In Goodof's study! the frequency of the Kim- 
melstiel- Wilson lesion rose with age between ten 
and thirty years but then leveled off until age 
seventy when a rise occurred in both diabetics 
and non-diabetics. There was no appreciable 
difference in incidence between age thirty and 
ages sixty to seventy, suggesting that senescence 
does not increase susceptibility to this disorder. 
The same seems to be true for retinopathy.?9:17.94 

The dominant part played by long duration of 
diabetes has been thoroughly established.?/1.5.15, 
20,28,$1,55,58 The studies of White and Waskow* 
are most striking. Among 200 patients having 
onset before the age of fifteen and surviving 
for more than twenty years they found the 
following: “nephritis” in 50 per cent, calcified 
arteries in 75 per cent and retinal hemorrhages 
in 80 per cent. These consequences or con- 
comitants of diabetes are uncommon in the early 
years of the disease but between the tenth and 
twentieth years of diabetes they assume alarming 
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‘proportions. After twenty to twenty-five years 


increasing duration is less effective in augment- 
ing the frequency of vascular lesions.5:57 

The inter-relationship between duration of 
diabetes and age at death as they affect renal 
disease is brcught out by BelL5 Table u, taken 


TABLE Uu 
INCIDENCE OF INTERCAPILLARY GLOMERULOSCLEROSIS AT 
NECROPSY IN RELATION TO AGE AT DEATH AND 
DURATION OF DIABETES * 


Per cent of Cases 


Age at. 
Death 
(yr.) Duration Less | Duration 10 |. Duration 
than 10 yr. to 20 yr. Over 20 yr. 
20 to 40 3 51.4 100 
40 to 60 19.8 41.7 65 
60 to 90 20.3 36.5 41.4 


* From Bell 5 


from his daza, shows that for durations under ten 
years the inzidence of intercapillary glomerulo- 
sclerosis increased from 3 per cent at ages twenty 
to forty to 20.3 per cent at ages sixty to ninety, 
whereas for durations over twenty years it 
decreased, oddly enough, from 100 per cent 
at ages twenty to forty to 41.4 per cent at ages 
sixty to nicety. Expressed in other terms, for 
short durat.on age increases frequency seven- 
fold, while for younger ages long duration in- 
creases frequency thirty-three fold. Bells data? 
for renal arz:eriolosclerosis reveal similar trends, 
as do those of Root” for nephriüs." Here again 
it is eviden- that long-standing diabetes has its 
greatest effects in younger patients. 

Finally, cespite what has just been said, long 
life with ciabetes does not necessarily spell 
disaster. Be_l* found that twenty-eight of ninety- 
three persons who lived more than twenty 
years after onset did not have serious vascular 
disease at necropsy. And although 92 per cent of | 
White’s* long-term patients had lesions of one 
sort or anaxther, many of these were not severe 
and 8 per cent of the patients had none. 

Severity of Diabetes. The statement is often 
made that severity of diabetes has no relation to 
the occurrence of vascular lesions. 14.74.28 "This 
statement needs examination. How is severity 
determinec? Usually it is judged by insulin 
requiremert because this is the only way in 
which it can be expressed in numerical terms. 
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No one would deny that the diabetic patient who 
requires no insulin has the disease in mild form. 
It is even reasonable to suppose that in patients 
who do take insulin there is some rough, over-all 
correlation between severity and insulin dosage. 
But instances in which this correlation fails are 
fairly numerous and very important. The true 
test of severity is che behavior of the disease when 
insulin is withheld. There are many patients, 
chiefly those with onset of diabetes at a young 
age, who require doses of less than 40 units daily 
but in whom acidosis develops promptly when 
treatment 1s stopped. On the other hand, many 
patients with high requirements, principally in 
the older age groups, tolerate the withdrawal of 
insulin for days or weeks with no more than 
moderate glycosuria. Surely the former group 
represents the more severe degree of diabetes, 
and it is in these younger patients with long- 
standing disease that the incidence,!? and one 
might add the seriousness, of vascular disease is 
most marked. The use of insulin requirement as 
an index of severity, and the preponderance in 
postmortem material of older subjects with mild 
diabetes but.a considerable incidence of vascular 
lesions, due.in part to aging, have no doubt con- 
tributed to the impression of pathologists that 
such lesions are as frequent in mild as in severe 
diabetes. Illuminating and indispensable as 
the observations of the pathologist are, it 
might be questioned whether he is in a position 
to evaluate severity as well as the clinician. 
Although severity is probably more important 
in predisposing to vascular disease than has been 
generally realized, it must be granted that a 
good many. patients with indisputably mild 
diabetes suffer from degenerative changes while 
others whose disezse is obviously severe escape. 
Control of Diabetes. The argument over the 
role of control is much like that over the role of 
severity, except that it is more heated, and 
the same kinds of questions presen: themselves. 
What is control? Are there more than a handful 
‘of “juvenile” diabetics who can be well con- 
trolled at all times? Is good control in severe 
diabetes the equivalent of poor control in mild 
diabetes? Can the pathologist, or anyone else for 
that matter, tell from a retrospective search of 
clinical records what the habitual degree of con- 
trol has been in a patient who has seen his 
physician on only one day of thirty, ninety or 
365 over a period of twenty years? The lack of 
satisfactory answers to these questions should be 
borne in mind in reviewing repor:s which at- 
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tempt to relate degree of control of glycosuria to 
the occurrence of degenerative disease. l 

Perhaps it is well to start by reminding our- 
selves that in the few instances in which arterial 
and glomerular lesions have been observed in 
experimental diabetes, glycosuria has been 
relatively or entirely uncontrolled.?37*? Similar 
experiments in which good control had been 
carefully maintained have not been described. 

The notion that all diabetics, if they live long 
enough, eventually fall prey to vascular disease 
received strong support from the findings of 
Dolger in 1947.54 In a group of 200 patients 
examined at frequent intervals for periods up to 
twenty-five years, none escaped retinopathy 
“regardless of age of onset, severity of diabetes or 
type of treatment used.” Fifty per cent had 
hypertension and clinical evidence of renal 
disease at the time retinal hemorrhage first 
appeared. The group included fifty-five patients 
with onset of diabetes before the age of twenty. 
These fell into three subgroups of roughly equal 
size with glycosuria under excellent, fair and 
poor control, respectively. Retinopathy devel- 
oped after ten to thirteen years in all the patients 
without relation to control, and there was little 
difference between the subgroups in the inci- 
dence of hypertension and no difference in 
arterial calcification. Albuminuria, however, 
occurred twice as frequently in those poorly 
controlled as in those very well controlled. No 
evidence that poor control favors or good control 
protects against vascular disease was found by 
Bell? for arteriosclerosis, Wagener, Dry and 
Wilder*? for retinopathy, Henderson, Sprague 
and Wagener! for intercapillary glomerulo- 
sclerosis or Lundbaek‘*’ for all lesions except 
retinopathy. 

Those who take the opposite view offer im- 
pressive evidence of a clinical nature. Among the 
200 young patients of White and Waskow;,* 
diabetic coma, certainly the epitome of poor 
control, had occurred in 17 per cent of those 
without degenerative lesions, in 38 per cent of 
those moderately affected and in 74 per cent of 
those incapacitated. A lower incidence of 
retinopathy in well controlled as opposed to 
poorly controlled patients was found by Spoont 
and his associates,®** by Lundbaek^" and by 
Jackson et al.,9* the latter demonstrating also a 
smaller proportion of arterial calcification. 
Respecting “nephropathy,” Root, Pote and 
Frehner® found the incidence of this condition 
among 451 patients with diabetes of ten to 
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thirty-four years’ duration to be zero (eleven 
cases) for those with excellent control, 2 per cent 
(fifty cases) with good control, 17 per cent 
(ninety cases) with fair control and 28 per cent 
(298 cases) with poor control. 

TABLE nl 


RETINOPATHY IN 189 PATIENTS WITH DIABETES OF TWENTY 
TO TWENTY-NINE YEARS’ DURATION * 





Per cent of Cases 


Degree of | Number of 


Control Cases Nau Parco 
Slig ht, Extreme 
Retinopathy | R etinopathy 
Good....... 32 76 24 
Fair........ 41 52 39 
Poor....... 116 33 67 


* From Root, Pote and Frehner.$? 


These authors carried out similar investiga- 
tions of retinopathy. Table n, which summarizes 
their results, deserves special attention. It shows 
that of patients under good control retinopathy 
was absent or minimal in 76 per cent and moder- 
ate, marked or extreme in 24 per cent, while of 
those under poor control retinal lesions were 
absent or minimal in 33 per cent and moderate, 
marked or extreme in 67 per cent. Granted the 
difficulties, mentioned previously, of adequately 
evaluating control, it is probable that these 
workers have done it as well as is presently 
possible. Their data show clearly that a high 
incidence of severe retinopathy is associated with 
poor levels of control and a low incidence with 
good levels. However, they show just as clearly 
that one-fourth of the patients with good control 
had serious retinal damage and one-third with 
poor control had almost none despite very long- 
standing diabetes. These figures may be taken as 
representing fairly the relationship of control to 
the occurrence of vascular disease. They strongly 
suggest that the maintenance of a sugar-free 
urine will minimize the frequency and severity 
of vascular disease but that this alone is not 
sufficient in all cases. They suggest also that 
there is between individuals an inherent differ- 
ence in the ability of the blood vessels to with- 
stand insults of approximately equal degree and 
duration. 

Adrenal and Pituitary Hormones. The capillary 
lesions of the retina and glomerulus, as has 
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already been indicated, have much in common. 
Their concu-rence, while not quite universal, is 
extremely frequent, aneurysmal dilatations have 
been. described in both, and both apparently 
contain mucopolysaccharides as revealed by 
staining reactions. It is therefore natural 
to suspect that they have a similar pathogenesis. 
A number o` recent observations have tended to 
implicate adrenocortical hormones or their 
pituitary trcphic substances. Several cases have 
been reported®!—® in which diabetic retinopathy 
first appeared or became much worse during 
pregnancy znd in some instances subsided after 
delivery, smggesting that some disturbance 
of steroid metabolism may be involved. In 1952. 
Rich*! described lesions resembling the Kim- 
melstiel-Wibon type in a non-diabetic subject 
who had received large doses of corticotropin for 
long periods of time. In that same year Becker, 9? 
working with Friedenwald, reported the ap- 
pearance oz similar renal lesions, as well as 
retinal microaneurysms, in alloxan-diabetic 
rabbits treazed with corticotropin. Alloxan alone 
was ineffeczual. These results have been con- 
firmed in part by Bloodworth and Hamwi® who 
demonstrated both nodular and diffuse glo- 
merular lesions in normal and alloxanized rabbits 
treated with cortisone. The lesions, however, 
tended to disappear after six weeks even though 
treatment ~vas continued. These authors make 
no statemeat about retinopathy. Extending his 
investigations of the adrenal glands, Becker® 
has found that diabetic patients with retinop- 
athy exhibit heavier adrenal weights with more 
cortical vacuolization, excrete more oxysteroids 
in the urme and more consistently show a 
normal eosinopenic response to corticotropin 
than do patients without retinopathy. 

In 1953 Poulsen?' reported the now famous 
case of a voman who had acquired diabetes in 
1924 at the age of nine years. In 1945, at the 
age of thirty, diabetic retinopathy was found. 
In the same year a pregnancy, resulting in a 
stillborn fetus, was followed by severe uterine 
hemorrhage with the subsequent development 
of Sheehar’s syndrome. By 1949 the retinopathy 
had dimin.shed and by 1951 it had disappeared. 

It is not surprising that the sum total of these 
observations has led to attempts to ameliorate 
diabetic vascular disease by removal of the 
pituitary and adrenal glands. A series of hy- 
pophysectomies reported in 1953 by Luft and 
Olivecrona! included four cases of juvenile 
diabetes, three with advanced vascular disease. 
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Postoperative suzvival was brief in three patients, 
however, and no significant data respecting 
vascular disease are available in the fourth. In 
1954 Kinsell and his co-workers** published an 
account of four patients with diabetes in whom 
hypophysectomy had been performed for severe 
renal and retinal disease. A number of inter- 
esting and expected metabolic results ensued 
but even one year later, after eigateen months’ 
observation in some cases, the authors were 
unable to say that any unequivocal, permanent 
improvement in vascular status had taken 
place.” Also in 1954, Wortham and Head- 
stream’! reported on bilateral adrenalectomy 
.in seven similar cases. Of these, two are said to 
have shown minor reversals of retinal changes 
and diminished blood pressure, proteinuria, 
azotemia and edema; in three cases the process 
was considered arrested; and two patients 
experienced progressive renal failure terminat- 
ing in death from vascular accidents. Taken 
together, the results of these surgical procedures 
are not impressive as of this date. 

It might be expected that examination of the 
retina in patients with either acromegaly or 
Cushing's syndrome and diabetes would be 
revealing. Only two such studies are available. 
Of twenty-one patients with acromegaly and 
diabetes, McCullagh and Alivisatos’? found 
diabetic retinopathy in three after eight, five and 
two years of known diabetes, respectively; and 
of twenty-one patients with Cushing’s syndrome 
and diabetes, diabetic retinopathy appeared in 
two after nine and eight years of known diabetes, 
respectively. Ricketts’® found diabetic retinop- 
athy in two of three patients with acromegaly 
and diabetes, and in none of seven patients with 
Cushing’s syndrome and diabetes. Thus diabetic 
retinal disease is apparently infrequent in 
. combination with hyperactivity of either the 
anterior pituitary or adrenal cortex, although it 


has occurred unusually early in the course — 


of diabetes in some of the patients who showed it. 
Comparable investigations of hypopituitarism, 
with the exception of Poulsen’s,*’ and of Addi- 
son’s disease do not seem to have been published. 

It is of the greatest importance that a method 
of experimentally producing capillary lesions 
resembling those of human diabetes has finally 
been discovered. It is still quite uncertain, 
however, to what degree, if any, adrenocortical 
substances are resvonsible for these lesions in 
man. The evidence adduced by Becker® is at 
this point only suggestive. The results of deter- 


minations of urinary steroids in diabetes are 
conflicting,997?73 and there certainly is no 
reason to believe on clinical grounds that the 
long-term diabetic patient is suffering from 
adrenal hyperactivity. It may be that the role of 
the adrenal is a permissive one, merely allowing 
the development of lesions whose primary 
etiology lies in other areas. 


BIOCHEMICAL FACTORS 


Asid2 from any consideration of endocrine 
influences, the fact that the incidence and degree 
of vascular lesions are clearly related to the 
duraticn of diabetes and probably to its 
severity and control, suggests that there may be 
some associated biochemical abnormality which, 
acting over long periods of time and with 
considerable intensity, favors, if it does not 
determ:ne, the development of such lesions. The 
obvious abnormalities are hyperglycemia and 
hyperlipemia. 

Hyperglycemia. No one has ever seriously 
proposed that concentrations of blood sugar, 
such as prevail in long-term diabetes, are in 
themselves injurious to intimal tissue, although 
it has been postulated without proof that extreme 
fluctuations may be harmful. It is possible, how- 
ever, that some factor related to hyperglycemia 
may be implicated. In this connection attention 
has been directed to the mucopolysaccharides 
because of their presence in both retinal micro- 
aneurysms and the glomerular lesions of Kim- 
melstiel and Wilson. Earlier work in diabetic 
patients which indicated a direct relationship 
between levels of blood glucose and glucosa- 
mine,” a component of mucopolysaccharides, 
has not been conclusive.” Berkman and others?? 
nevertheless demonstrated higher levels of 
protein-bound polysaccharides and glucosamine 
in the serum of patients with clinically apparent 
vascular disease than in those without. Nielsen 
and Poulsen”! found increased concentrations of 
similar compounds in the blood of diabetic 
patients without complications as well as in 
those with renal disease. These results were 
confirmed by Keiding and Tuller’? who found 
in addition that levels in patients with *nephrop- 
athy" were higher than in those showing degen- 
erative lesions without nephropathy. Gilliland 
et al.2° report some parallelism between poly- 
saccharice levels and the degree of vascular 
disease kut also some increase in levels before 
such disease was clinically manifest. Investiga- 
tions of the urinary excretion of these substances 
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have shown no correlation with diabetes or its 
complications.?! In view of the increased con- 
centrations of serum mucopolysaccharides that 
are known to occur in conditions characterized 
by tissue destruction and repair,’’ it is possible 
that the higher values observed in diabetes may 
be the result of degenerative disease, either 
patent or occult, rather than its cause. Regard- 
less of such cautionary considerations, the sub- 
ject deserves the further study that it is certain 
to receive. 

Hyperlipemia.* Except for the presence of fat 
in a considerable proportion of the lesions of 
intercapillary glomerulosclerosis,! there is little 
reason to believe that hyperlipemia has any 
etiologic significance for that condition or for 
diabetic retinopathy. Its relationship to athero- 
sclerosis in general has been the subject of a vast 
body of literature. The tendency of diabetic 
individuals toward both abnormal fat metabo- 
lism and atherosclerosis has often been used as an 
argument favoring a causal relationship between 
the two even in non-diabetic persons. It is 
pertinent to inquire, however, as to the fre- 
quency of high levels of serum lipids in the 
ordinary diabetic patient. “For our present 
purposes, we are not interested in the character- 
istic lipemia of the untreated diabetic or of the 
diabetic in acidosis. If the lipids have any signif- 
icance for vascular disease, it must be by virtue 
of the levels which prevail in the treated diabetic 
over a long period of years. The literature con- 
tains surprisingly few reports on this subject, 
and those that we have are not only conflicting 
but are based on analyses made at only a single 
point in time.T 

* Chaikoff and others’? compared serum cho- 
lesterol, phospholipids and fatty acids in twenty- 
three normal children and twenty-six children 
with diabetes under good control with diet and 
insulin. They found no appreciable difference 
between the two groups, nor did the duration of 
diabetes or the daily insulin requirement (10 to 
68 units) have any relation to the cholesterol 
levels. Man and Peters?* found the serum choles- 
terol normal or below in 64 per cent of seventy- 
nine diabetics not suffering from dehydration or 
acidosis. Of nineteen patients who showed rather 
marked hypercholesterolemia, sixteen had com- 
plicating conditions such as cirrhosis or nephritis 


* The ensuing passages indicated by quotation marks 
are taken from an earlier review of this subject by the 
author. 

1 See footnote, page 942. 
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which in themselves might have explained the 
high cholesterol levels. Among the uncompli- 
cated cases “he cholesterol did not exceed 304 
mg. per cert—certainly not a striking figure. 
Pomeranze and Kunkel® recently examined two 
hundred seventy-three diabetics in various 
clinics in New York City. Almost exactly half 
had total lipids above 750 mg. per cent (the 
upper limit of normal) while the other half had 
levels below this." Among 614 diabetic patients, 
Barach and Lowy? found 42 per cent with 
normal and 58 per cent with high cholesterol 
values. Lunibaek*’ found the average serum 
cholesterol concentration in 151 long-term pa- 
tients to be only 256 mg. per 100 ml. In patients 
below the aze of forty, values were from 30 to 
40 mg. higker in diabetic than in normal per- 
sons, but above the age of forty there was no 
significant dafference. 

“These data suggest that in children with well 
controlled cabetes there is little if any increase 
in blood li»ids but that among adults, with 
diabetes of varying severity and under varying 
degrees of control, the lipids are elevated, al- 
though not markedly so, in 35 to 58 per cent of 
the cases. 

*Respectng lipoproteins in diabetes, Barach 
and Lowy* report the Sf 12-20 fraction above 
50 mg. per cent in 33 per cent of males and 43 
per cent o: females. Hanig and Lauffer®’ were 
unable to find any significant difference between 
normal persons and diabetics. The data of 
Keiding and associates*? would justify a similar 
conclusion, although they do not state it in so 
many worZs. Among the diabetics themselves, 
Sf 12-20 levels tended to be higher in patients 
under poor control than in those under good 
control. 

“The next question is whether the diabetics 
who do hzve hyperlipemia are the ones who 
also have vascular disease. Among the cases 
studied by zhe New York group,** 78 per cent of 
the patiexs with hyperlipemia had severe 
atherosclerosis as shown by electrocardiographic 
evidence of coronary disease, calcified vessels 
or retinal zrteriosclerosis. Twenty-two per cent 
were classzd as having moderate atherosclerosis 
or none. On the other hand, of the patients who 
had normal serum lipids about 40 per cent had 
severe atherosclerosis and 60 per cent had a 
moderate amount or none. We are left, then, 
with the dilemma of what caused the vascular 
disease in the 40 per cent without hyperlipemia. 

“Referring again to the lipoproteins, Barach* 
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found the Sf 12-20 fraction eleveted in 45 per 
cent of one hundred sixty-two diabetics with 
vascular calcification. This is no: significantly 
different from the incidence of elevated Sf 12-20 
levels in the entire group of diabetics. Essentially 
the same results were reported >y Keiding,? 
with the additional surprising fincing that lipo- 
proteins were distinctly increased in patients 
with retinopathy. It is not stated how many of 
the patients with retinopathy also had the 
Kimmelstiel- Wilson lesion—a condition in which 
the Sf 12-20 levels are almost unifcrmly high.” 3° 

Finally, studies of quite a diffrent sort by 
Hirsch and his colleagues*? have shown that in 
diabetic persons the esterified fatty acids of the 
blood, in contrast to cholesterol anc lipoproteins, 
rise abruptly after a fat meal and that the 


increase is greater during periods of hyper- 


glycemia than during normoglycemic periods. 
The fasting levels, moreover, whea determined 
day after day in patients with unstable diabetes, 
rise and fall pari passu with the -asting blood 
glucose. If it were established that arterial 
disease is in fact induced by hyperlipemia, these 
observations would provide a pcwerful argu- 
ment for strict control of the blood sugar. 

To summarize, hyperlipemia is not a promi- 
nent feature of treated diabetes. It & present to a 
greater extent in patients with poorly controlled 
than in those with well controlled glycosuria. 
Studies of its relation to vascular disease have 
yielded inconsistent results. Respecting athero- 
sclerosis, there are no available data on serial 
determinations of serum lipids m the same 
diabetic patients over a period of years. * Single 
analyses suggest some association between 
elevated lipid concentrations and ihe presence 
of atherosclerosis, but such association is lacking 
in a large number of cases. Even a good cor- 
relation would not prove a cause and effect 
relationship. Patients with presumed inter- 
capilary glomerulosclerosis have higher lipid 
levels than those without, but lipids are also 
elevated in non-diabetic persons with otber 
forms of nephritis. It is probable that the hyper- 
lipemia of some patients with recinopathy is 
explained by the presence of renal cisease. 


* In a study of intercapillary glomeralosclerosis, in 
which data for atherosclerosis are not given, Mann, 
Gardner and Root?! report that in patients for whom 
information on cholesterol was available, values were 
normal when the patients first came under treatment and 
remained so for the first ten years of diabetes, rising to 
abnormal levels only with the onset of symptoms of 
nephritis. 


SUMMARY 


Diabetes, or some factor related to it, markedly 
hastens the onset and increases the frequency and 
severity of arterial and arteriolar sclerosis. In 
additicn, it gives rise to capillary lesions of the 
renal glomeruli and retina that belong almost 
exclusively to the diabetic state. Rates of death 
and disability from these causes are increasing as 
diabetic patients live longer. 

Diabetes increases susceptibility to athero- 
sclerosis to a greater extent in women than in 
men, and the former have a higher incidence of 
intercapillary glomerulosclerosis but not of 
retinopathy. 

Although instances of vascular disease are 
observed in greater numbers among older 
patients, its incidence and seriousness in younger 
patients with long-standing diabetes are striking. 
Duration of diabetes stands out as the most 
important single factor, and its effects are 
greater in younger than in older persons. 

The parts played by severity and control of 
diabetes are still in dispute. ‘The best evidence 
indicates that the highest frequency of advanced 
lesions 2ccurs in severely diabetic patients with 
prolonged, heavy glycosuria. It is clear, how- 
ever, that some patients with mild, well con- 
trolled diabetes have manifest vascular lesions 
while their opposite numbers seem to escape. 
These inconsistencies lend support to the con- 
cept, as yet incapable of proof, that hereditary 
tendencies may be as important as diabetes 
itself. 

The experimental production of both glomer- 
ular ard retinal lesions with cortisone and 
corticotropin strengthens the possibility that 


they have a common pathogenesis in man and 


raises tae question of whether their clinical 
occurrence is related to adrenal hyperactivity. 
Evidence on this point is contradictory. 

Muccpolysaccharides are increased in the 
blood of diabetic patients with vascular, 
especially renal, disease but to some extent in 
those without it and may be related to the 
pathogenesis of retinopathy and intercapillary 
glomerulosclerosis. 

Hyperlipemia in the treated diabetic patient 
is neither so frequent nor so marked as has been 
commonly supposed. To the extent that it does 
exist its association with atherosclerosis is loose 
and inconstant and in many cases is lacking 
entirely. Elevated lipid levels in intercapillary 
glomeru.osclerosis are probably a result rather 
than a cause of the disease. 
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The etiology and pathogenesis of diabetic 


vascular disease remain obscure. 


Me 


23. 


REFERENCES 


LeCompte, P. M. Vascular lesions in diabetes 
mellitus. J. Chron. Dis., 2: 178, 1955. 


. Josu, E. P., Root, H. F., Wurrg, P. and MARBLE, 


A. Treatment of Diabetes Mellitus, p. 186. 
Philadelphia, 1952. Lea & Febiger. 


. Bert, E. T. A post mortem study of vascular disease 


in diabetics. Arch. Path., 55: 444, 1952, 


. Warre, P. and Waskow, E. Clinical. pathology of 


diabetes in young patients. South. M. J., 41: 561, 
1948. 


. Warren, S. and LeCompte, P. The Pathology of 


Diabetes Mellitus. Philadelphia, 1952. Lea & 
Febiger. 


. Berit, E. T. Renal vascular disease in diabetes 


mellitus. Diabetes, 2: 376, 1953. 


. KIMMELSTIEL, P. and Wirsow, C. Intercapillary 


lesions in the glomeruli of the kidney. Am. J. Path., 
12: 83, 1936. 


. Guugo, J. and Grisuman, E. Phase microscope 


studies of renal glomeruli Am. J. Path., 29: 199, 
1953. 


. McManus, J. F. A. Medical Diseases of the Kidney. 


Philadelphia, 1950, Lea & Febiger. 


. ALLEN, A. C. The Kidney. Medical and Surgical 


Diseases. New York 1951. Grune & Stratton, Inc. 


. Wiens, S. L., Exsrer, S. K. and Baker, J. P. 


Glomerular lipidosis in intercapillary glomerulo- 
sclerosis. Ann. Int. Med., 34: 592, 1951. 


. AsHTON, N. Vascular changes in diabetes with par- 


ticular reference to retinal vessels. Brit. J. Ophth., 
33: 407, 1949. 


. FRIEDENWALD, J. 5. Diabetic retinopathy. Diabetes, 


2: 237, 1953. 


. HENDERSON, L. L., SPRAGUE, R. G. and WAGENER, 


H. P. Intercapillary glomerulosclerosis. Am. J. 
Med., 3: 131, 1949. 


. Goopor, I. I. Intercapillary glomerulosclerosis. 


Ann. Int. Med., 22: 373, 1945. 


. Roszins, S. L. Renal lesions in diabetes mellitus. 


Bull. New England M. Center, 10: 78, 1948. 


. LaiePrv, T. C., Errzen, O. and Durra, F. R. Inter- 


capillary glomerulosclerosis. Arch. Int. Med., 74: 
354, 1944. ] 


. Ruexin, H., Lerrer, L. and Berxman, J. Diabetic 


Glomerulosclerosis. Springfield, IH., 1952. Charles 
C Thomas. 


. Wuson, J. L., Root, H. F. and Mansrz; A. Diabetic 


nephropathy: a clinical syndrome. New England J. 
Med., 245: 513, 1951. 


. Root, H. F. Diabetes and vascular disease in youth. 


Am. J. M. Sec., 217: 545, 1949. 


. Josuin, E. P. and Wirsow, J. L. Lessons for future 


treatment from 472 fatalities in diabetic children. 
Brit. M. J., 2: 1293, 1950. 


. Brun, C., Gormsen, H., Hupen, T., IVERSEN, P. 


and Raascuou, F. Diabetic nephropathy: kidney 
biopsy and renal function tests. Am. J. Med., 15: 
187, 1953. 

Tart, H. P., Fincks, E. S. and Joske, R. A. A 
biopsy study of the kidney in diabetes mellitus. 
Australasian Ann. Med., 3: 189, 1954. 


DEGEMBER, 1955 


24. 


25. 


26. 


27. 


28. 
29. 
30. 


31. 


32. 


33. 


34. 


35; 


36. 


3f. 
38. 
39; 
40. 


41. 
42. 


43. 


44. 


45. 


46. 


47. 


943 


Rocers, J. and Ronzms, S. L. Intercapillary 
glomerudosclerosis: a clinical and pathologic study. 
Am. J. 4ed., 12: 688, 1952. 

ZuBROD, C. G., EvrensoLE, S. L. and Dana, G. W. 
Amelioration of diabetes and striking rarity of 
acidosis in patients with Kimmelstiel- Wilson 
lesions. Vew England J. Med., 245: 518, 1951. 

Runyan. I. W., Jr., Hugwrrz, D. and Rozains, S. L. 
Effect oc Kimmelstiel-Wilson syndrome on insulin 
requirements in diabetes. New England J. Med., 
252: 383, 1955. 

BALLANTYNE, A. J. and LOWENSTEIN, A. Pathology of 
diabetic retinopathy. Tr. Ophth. Soc. U. Kingdom, 
63: 95, 1943. 

Wacener, H. D. Retinopathy in diabetes mellitus. 
Proc. Art. Diabetes A., 5: 203, 1945. 

AsHTON, N. Retinal microaneurysms in nondiabetic 
subjects. Brit. J. Ophth., 35: 189, 1951. 

BECKER, 3. and Post, L. T., Jr. Retinal vein oc- 
clusion Am. J. Ophth., 34: 677, 1951. 

FRIEDENV’ALD, J, Diabetic retinopathy. Fourth 
Francis I. Proctor Lecture. Am. J. Ophth., 33: 
1187, 1950. 

Ropricu=z, R. and Root, H. F. Capillary fragility 
and diabetic retinitis. New England J. Med., 238: 
391, 148. 

DrrzEr, -. Morphologic and hemodynamic changes 
in the smaller blood vessels in diabetes mellitus. 1. 
Considerations based on the literature. New Eng- 
land J. Med., 250: 541, 1954. 

DITZEL, -. and Sacitp, U. Morphologic and hemo- 
dynamic changes in the smaller blood vessels in 

' diabetes mellitus. 11. The degenerative and hemo- 
dynamic changes in the bulbar conjunctiva of 
normatensive diabetic patients. New England J. 
Med., 250: 587, 1954. 

Lawrence, R. D. Types of human diabetes. Brit. 
M. J.. 1: 373, 1951. 

SPRAGUE, R. G. Diabetes mellitus associated with 
chronic relapsing pancreatitis. Proc. Staff Meet., 
Mayo Olin., 22: 553, 1947. 

Hupsox, J. R. Ocular findings in haemochromatosis. 
Brit. o. Ophth., 37: 242, 1953. 

Dracstept, L. R. The role of the pancreas in 
arteriesclerosis. Biol. Symposia, 11: 118, 1945. 

Ricketis, H. T. Unpublished observations. 

Luxens, F. D. W. and Donan, F. C. Experimental 
pituitary diabetes of five years! duration with 
glomerulosclerosis. Arch. Path., 41: 19, 1946. 

Conn, J. W. Personal communication. 

Foeta, G. V., ManciNI, R. E. and CARDEZA, A. F. 
Glomerular lesions in the diabetic rat. Arch. Path., 
50: 7€, 1950. 

MANN, >. V., Gopparp, J. W. and Apams, L. The 
renal lesions associated with expqrimental diabetes 
in the rat. Am. J. Path., 27: 857, 1951. 

Root, H. F., Brann, E. F., Gorpon, W. K. and 
Wur, P. D. Coronary atherosclerosis in diabetes 
mellirus: a post mortem study. J. A. M. A., 113: 
27, 1839. 

CLAwscN, B. J. and Bett, E. T. Incidence of fatal 
cororary disease in nondiabetic and in diabetic 
persons. Arch. Path., 48: 105, 1949. ` 

Aarseta, S. Cardiovascular Renal Disease in Dia- 
betes. Mellitus. Oslo, 1953. Bøhler & Larsen. 

LunpgeEK, K. Long-term Diabetes: The Clinical 


944 


48. 


49. 


50. 


51. 


32. 
53. 


54. 


55. 


56. 


57s 


58. 


59. 


60. 


61. 


62. 
63. 
64. 


65. 


66. 


67. 


Picture in Diabetes Mellitus of 15-25 Years’ 
Duration. London and New York, 1953, Lange, 
Maxwell & Springer, Ltd. 

Hines, E. A., Jr. and Barker, N. W. Arteriosclerosis 
obliterans. A clinical and pathologic study. Am. J. 
M. Sc., 200: 717, 1940. 

Laxe, M., Prarr, G. H. and Wricnz, I. S. Arterio- 
sclerosis and varicose veins. Occupational activi- 
ties and other factors. J. A. M. A., 119: 696, 1942. 

Bzrr, E. T. Incidence of gangrene of the extremities 
in nondiabetic and in diabetic persons. Arch. Path., 
49: 469, 1950. 

Roor, H. F., Sixpen, R. H. and Zanca, R. Factors 
in the rate of development of vascular lesions in the 
kidneys, retinae and peripheral vessels of the 
youthful diabetic. Am. J. Digest Dis., 17: 179, 1950. 

KIMMELSTIEL, P. and Porrer, W. B. Intercapillary 
glomerulosclerosis. New England J. Med., 238: 876, 
1948. 

WAGENER, H. P., Dry, T. J. S. and Wirpzz, R. M. 
Retinitis in diabetes. New England J. Med., 211: 
1131, 1934. 

Dorcer, H. Clinical evaluation of vascular damage 
in diabetes mellitus. J. A. M. A., 134: 1289, 1947. 

Fanconi, G., BorszTEJN, A. and Kousmine, C. 


Nephropathie bei kindlichen Diabetes mellitus. 


Helvet. paediat. acta, 3: 341, 1948. 

STEARNS, S., SCHLESINGER, M. J. and Rupy, A. The 
incidence and clinical significance of coronary 
artery disease in diabetes mellitus. Arch. Int. Med., 
80: 463, 1947. 

Jostun, E. P. Studies of living diabetes with onset 
under forty years of age. J. A. M. A., 147: 209, 
1951. 

SroourT, S., Dyer, W. W., Day, R. and Biazer, H. 
Incidence of diabetic retinopathy relative to the 
degree of diabetes control. Am. J. M. Sc., 221: 490, 
1951. 

Jackson, R. L., Harpin, R. C., WALKER, G. L., 
Henpricks, A. B. and Kerry, H. G. Degenerative 
changes in young diabetics in relationship to level 
of control. Proc. Am. Diabetes A., 9: 309, 1949. | 

Root, H. F., Porte, W. H., Jr. and Freuner, H. 
Triopathy of diabetes: sequence oz neuropathy, 
retinopathy and nephropathy in 155 patients. 
Arch. Int. Med., 94: 931, 1954. 

Lawrence, R. D. Acute retinopathy without 
hyperpiesis in diabetic pregnancy. Erit. J. Ophth., 
32: 461, 1948. 

BreetHam, W. P. Diabetic retinopathy in pregnancy. 
Tr. Am. Ophth. Soc., 48: 205, 1951. 

Becker, B. Diabetic retinopathy. Ann. Int. Med., 37: 
273, 1952. 

Ricu, A. R. Johns Hopkins Hosp. Clin. Path. Conf., 
February, 1952. Cited by Becker. 

BroopwonrH, J. M. B., Jr. and Hawwi, G. J. 
Histopathology of experimental glomerular lesions 
simulating human diabetic glomerulosclerosis. 
Am. J. Path., 31: 167, 1955. 

Becker, B., Magncwyn-Daviss, G. D., Rosen, D., 


FRIEDENWALD, J. S. and Winter, F. C. The. 


adrenal cortex and  B-vitamins in diabetic 
retinopathy. Diabetes, 3: 175, 1954. 

PoursEeN, J. E. Recovery from retinopathy in a case 
of diabetes with Simmond's disease. Diabetes, 2: 7, 
1953. 


68. 


69. 


70. 


71. 


ds 


T3. 


74. 


45. 


76. 


T 


78. 


219. 


80. 


81. 


82. 


83. 


84. 


85. 


Degenerative Vascular Disease in Diabetes—Ricketts 


Lurr, R. and Ottvecrona, H. Experiences with 
hypophysectomy in man. J. Neurosurg., 10: 301, 
1955. 

KiNszLL, L. W., LAwRENCE, L., Bakeca, H. E. and 
WzvLAND, R. D. Hypophysectomy in human 
diabetes: metabolic and clinical observations in 
diabetics with malignant vascular disease. Drabetes, 
3: 358, 1954. 

KINSELL, L. W., LAwrence, L. and WzvLANp, R. D. 
Hypophysectomy in severe juvenile diabetics: 18 
mcnth progress report. Presented at the fifteenth 
annual meeting of the American Diabetes Asso- 
ciation, Atlantic City, June 4, 1955. To be 
published. 

WORTHAM, J. T. and HEApsTREAM, J. W. Adrenal- 
ectomy in human diabetes: effects in diabetics with 
advanced vascular disease. Diabetes, 3: 375, 
1954, 

VENNING, E. A. and Browne, J. S. L. Excretion of 
glycogenic corticoids and of 17-ketosteroids in 
various endocrine and other disorders. J. Clin. 
Enéocrinol., 7: 79, 1947. 

SHADAKSHARAPPA, K., CarLowav, N. O., KYLE, 
R. H. and Keeton, R. W. Excretion of steroidal 
substances by the adrenal cortex in various dis- 
eases. J. Clin. Endocrinol., 11: 1383, 1951. 

McCoLLacn, E. P. and ArivsaTOS, J. G. Diabetes of 
anterior pituitary and adrenal cortical origin. 
Diabetes, 3: 349, 1954. 

Ricxerrs, H. T. The problem of vascular disease in 
diabetes. Proc. Am. Diabetes A., 8: 151, 1948. 

Jacosms, H. R. The bound glucosamine of serum 
mucoid in diabetes mellitus: fluctuations observed 
under the influence of insulin. J. Lab. & Clin. 
Mea., 34: 116, 1949. 

BERKMAN, J., Rirxin, H. and Ross, G. The serum 
polysaccharides in diabetic patients with and 
without vascular disease. J. Clin. Investigation, 
32: 415, 1953. 

Nrevsen, G. H. and PourseN, J. E. The protein- 
bound carbohydrates in serum from diabetic 
patients and the relation to the duration of 
diabetes and the vascular complications. Rep. 
Stene Memorial Hosp., 5: 71, 1953. Cited by Le- 
Compte.! . 

Keripinc, N. R. and TuLLeR, E. F. Protein-bound 
carbohydrate in serum of diabetic patients with 
and without vascular complications. Diabetes, 
4: 37, 1955.. 

GiuiLand, I. C., Hanno, M. G. and SrRUDWICK, 
J. I. Protein-bound polysaccharides in diabetes 
with and without complications. Proc. Biochem. 
Soc., Biochem. J., 56: XXXIIL 1954. 

CRADDƏCK, J. G., JR. and Kersy, G. P. Urinary 
excretion of acid mucopolysaccharides by diabetic 
patients. J. Lab. & Clin. Med., 46: 193, 1955. 

Ricxetrs, H. T. Serum lipids and atherosclerosis. 
Diabetes, 2: 316, 1953. 

Cuarkarr, I. L., Suvru, F. S. and Grass, G. E. The 
blood lipids of diabetic children. J. Clin. Investiga- 
tion, 15: 627, 1936. 

Man, E. B and PETERS, J. P. Serum lipids in diabetes. 
J. Clin. Investigation, 14: 579, 1935. 

POMERANZE, J. and KunKEL, H. G. Serum lipids in 
diabetes mellitus. Proc. Am. Diabetes A., 10: 217, 
1950. 


AMERICAN JOURNAL OF MEDICINE 


Degenerative Vascular Disease in Diabetes—Ricketts 945 


86. BARACH, J. H. and Lowy, A. D. Lipoprotein 
molecules, cholesterol and atherosclerosis in 
diabetes mellitus. Diabetes, 1: 441, 1952. 

87. Hanic, M. and Laurrer, M. A. Ultracentrifugal 
studies of lipoproteins in diabetic sera. Diabetes, 1: 
447, 1952. i 

88. Kemio, N. R., Mann, G. V., Root, H. F., Lawry, 
E. Y. and MARBLE, A. Serum lipoproteins and 
cholesterol levels in normal subjects and in young 
patients with diabetes in relation to vascular 
complications. Diabetes, 1: 434, 1952. 


DECEMBER, 1955 


89. ENGrLBEBG, H., Gorman, J. and Jones, H. Serüm 
lipids and lipoproteins in diabetic glomerulo- 
sclerosis. Diabetes, 1: 425, 1952. | 

90. HinscH, E. F., Purpss, B. P. and CARBONARO, L. 
Paralle relation of hyperglycemia and hyper- 
lipemia (esterified fatty acids) in diabetes. Arch. 
Int. Mei., 91: 106, 1953. 

91. Mann, C. V., GARDNER, C. and Root, H. F. 
Clinica. manifestations of intercapillary glomer- 
ulosclerosis in diabetes mellitus. Am. J. Med., 7: 
3, 1949. 


Clinico-pathologic Conference 





Hypertension, Abdominal Pain and Nausea, 


Syncope and Shock 


TENOGRAPHIC reports, edited by Albert I. Mendeloff, m.p. and David E. Smith, M.D. 

of weekly clinico-patkologic conferences held in the Barnes and Wohl Hospitals, 

are published in each issue of the Journal. These conferences are participated in jointly 

by members of the Departments of Internal Medicine and Pathology of the Washington 
University School of Medicine and by Junior and Senicr medical students. 


forty-six year old white married housewife, 

was admitted to the Barnes Hospital for the 
first time on December 20, 1953, with a chief 
complaint of “blackout spells? two Fours prior to 
admission. 

The patient was said to have had hypertension 
during both of her pregnancies. However, blood 
pressure returned to normal between preg- 
nancies. Two years prior to admission she had a 
hysterectomy, appendectomy and €cphorectomy 
because of persistent metrorrhagia. At that time 
she was found to have sustained hypertension 
and cardiac enlargement. Following this opera- 
tion she had repeated episodes of hot flashes for 
which she was given oral hormones intermit- 
tently without relief. She had occasional head- 
aches and episodes of epistaxis. About six to 
eight weeks prior to admission she began to have 
attacks of irregular beating of her heart and an 
uncomfortable feeling of fullness in her head, 
‘like everything was rushing into my head." She 
would feel as if she were going to faint but never 
did. She also noted ringing in her ears and oc- 
casionally an unsteady feeling. On the day prior 
to admission she had such an episode which 
passed off without sequelae. Because of her 
palpitation and the finding by her attending 
physician several weeks prior to admission of 
ventricular premature contractions, she was 
placed on quinidine, 0.2 gm. four times a day, 
which did not seem to affect the frequency of 
occurrence of her palpitations. A blcod pressure 
reading in her physician’s office several weeks 
prior to admission was in the range of 240 to 
250/110 to 120. 

Two hours prior to admission, while lying 
down, a feeling of fullness in her head developed 
and she became unconscious. There were no 


pss: H. H., (History No. 230473), a 


other premonitory symptoms. She did not 
convulse, bite her tongue or injure herself and 
there was no incontinence of urine or feces. She 
did, however, stop breathing and a neighbor 
began to breathe into ber mouth. Police were 
called and an inhalator was used. Her attending 
physician arrived approximately thirty-five 
minutes after the onset of her unconsciousness. 
He found her in “pulmonary edema" with a 
very weak pulse. She was given 150 mg. of 
aminoprylline intravenously. Prior to this 
episode the patient had never had any symptoms 
of cardiac decompensation such as orthopnea, 
paroxysmal nocturnal dyspnea, dependent 
edema, or dyspnea on slight to moderate 
exertion. 

Her past history was notable in that eight 
years prior to admission she had episodes of 
nausea without pain and was said to have had a 
peptic ulcer which was treated with a bland diet, 
pills, and non-absorbable antacids, following 
which her symptoms subsided. Several months 
prior to admission she had an episode of 
epigastric tightness and distress, most marked in 
the right upper quadrant. Roentgen examina- 
tions of the gastrointestinal tract, gallbladder 
and kidmeys were said to be negative. She was 
told several months prior to admission that her 
episode of abdominal distress was probably a 
recurrence of her ulcer, and she was advised 
to follow a bland diet again. One stool was 
found to contain blood but she had never noted 
gross blood or melena although she had looked 
for it. There was no jaundice. 

The family history disclosed that her mother 
died at the age of seventy and her father at the 
age of sixty-nine, both of strokes. 

Physical examination at the time of admission 
revealed the patient's temperature to be 37.1?c.; 
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pulse, 100; respirations, 16 and blood pressure; 
150/100. 'The patient was apprehensive, slightly 
cyanotic and confused. She was well developed, 
well nourished, acutely ill and coughing fre- 
quently. There was no lymphadenopathy. 
Examination of the eyes revealed normal extra- 
ocular movements. The pupils were round and 
equal and reacted to light. Examination of the 
fundi revealed slight arteriolar-venous nicking 
without papilledema, hemorrhages or exudates. 
On the right posterior oral pharyngeal wall were 
yellow punctate lesions, each of which was 
surrounded by an area of erythema. Her neck 
was supple and the thyroid was not palpable. 
‘There were a few fine rales at the left lung 
base. The heart was enlarged to the anterior 
axillary line with a well localized point of 
maximum impulse in the fifth intercostal space. 
There was a harsh, grade 1 systolic murmur best 
heard in the region of the pulmonic area. There 
was a regular diastolic gallop rhythm at the 
apex. The sounds were of poor quality. No 
masses or organs were palpable on abdominal 
examination. Examination of the extremities 
revealed slight cyanosis of the nail beds. There 
was no edema or clubbing. Pedal pulses were 
present. ‘The remainder of the physical examina- 
tion, including the neurologic examination, was 
not remarkable. 

The laboratory data were as follows: red 
blood cell count, 6,320,000 per cu. mm.; hemo- 
globin, 16.8 gm. per cent; white blood cell count, 
21,050; differential count: stab forms, 3 per cent; 
segmented forms, 75 per cent; lymphocytes, 19 
per cent; monocytes, 3 per cent. Urinalysis: 
specific gravity, 1.008; pH, 7.0; protein, 2+. 
Serologic test for syphilis: negative. Sputum 
culture: moderately heavy growth of neisseria, 
sight growth of staphylococci and  aipha 
hemolytic streptococci. Electrocardiogram: left 
ventricular strain, question of subendocardial 
myocardial injury, sinus tachycardia and quini- 
dine effect. Blood chemistry: non-protein nitro- 
gen, 22 mg. per cent; fasting sugar, 106 mg. per 
cent; two-hour postprandial sugar, 96 mg. per 
cent; carbon dioxide combining power, 31 
mM/L.; prothrombin level, 80 per cent of 
normal. Erythrocyte sedimentation rate, 4 mm. 
per hour, corrected. 

Ihe patient was given oxygen by nasal 
catheter, following which there was an immedi- 
ate disappearance of cyanosis and an increase in 
alertness; nasal oxygen was continued for four 
days. An electrocardiogram on the second 
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hospital daz showed no change from the one 
taken on tke first. Venous pressure on the second 
hospital day was 45 mm. of water; arm-to- 
tongue circi lation time was twenty-two seconds. 
On the third hospital day the patient's lungs 
were clear zo auscultation. An electrocardiogram 
on the fourth hospital day showed T wave 
inversion arross the precordium compatible with 
anterior myocardial ischemia or pericarditis; 
subendocardial myocardial injury was no longer 
evident, and there was less evidence of quinidine 
effect. A reoeat blood count on the fourth hos- 
pital day was as follows: red blood cell count, 
4,690,000; Lemoglobin, 13.5 gm. per cent; white 
blood cell count, 9,300; differential count: 
eosinophils, 2; stab form, 1; segmented forms, 
56; lymphccytes, 40; monocyte, 1. Red blood 
cells showed slight hypochromasia. On the fifth 
hospital dav a pericardial friction rub was heard 
in the secoad and third left intercostal spaces 
along the left sternal border. This rub persisted 
to the fifteenth hospital day. During this time 
the patient's lungs were otherwise clear on 
physical examination. The systolic gallop rhythm 
heard at the apex of the heart persisted. An 
electrocardiogram on the eleventh hospital day 
was interpreted as showing reappearance of 
subendocardial myocardial injury, left ventric- 
ular strait and sinus tachycardia. Subsequent 
electrocard:ograms revealed resolving subendo- 
cardial myocardial injury, then left ventricular 
strain with a question of anterior myocardial 
injury, thea left ventricular strain with a question 
of anterior myocardial ischemia, and finally 
only an abaormal form of ventricular complex 
on the fiftv-ninth hospital day. Quinidine in 
doses of 0.2 gm. four times a day and later three 
times a day was continued throughout her 
hospitalization. 

During tae first week of the patient's hospital 
course her »5lood pressure ranged from a high of 
180/120 to a low of 130/90. On the third hospital 
day apreso-ine® in doses of 25 mg. three times a 
day was started. This dose was gradually 
increased ind on the eleventh hospital day 
hexamethoaium chloride was administered. The 
patient's b.ood pressure continued to fluctuate 
considerably until approximately the last two 
weeks of hzspitalization when her blood pressure 
stabilized in the approximate range of 160 to 
170/90 to 100. The patient remained on absolute 
bed rest until the twenty-eighth hospital day 
when gradually increasing ambulation was 
begun. Repeated determinations of the blood 
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non-protein nitrogen were within normal limits. 
The erythrocyte sedimentation rat2 was normal 
until the thirty-second hospital dav when it was 
23 mm. per hour; on the forty-second hospital 
day it was 28 mm. per hour. On the fifty- 
second hospital day the phenolsulfonphthalein 
excretion was 24 per cent in fifteen minutes and 
67 per cent in two hours. Urine concentration 
test at eighteen hours produced a specific 
gravity of 1.012. The patient tolerated her 
medication quite well and was discharged on 
February 18, 1954, on doses of 'apresoline, 100 
mg. every four hours (except at 2 2.M. when the 
dose was to be omitted) and he-amethonium 
every four hours, the dose not to éxceed 200 mg. 
every four hours according to the blood pressure 
which was to be determined by her husband. 
She was also given a sedative and a non- 
absorbable antacid. ü 

Ihe patient continued her anthypertensive 
therapy and had no untoward complaints until 
one week prior to her second admission when she 
first noted epigastric “fullness amd tightness” 
and a “cold?” which she treated with aspirin, 
bicarbonate of soda and a bland ciet. She had 
no fever or sore throat. She was admitted on 
September 24, 1954. 

Physical examination on this admission 
recorded the patient's temperature 10 be 36.6?c.; 
pulse, 88; respirations, 18 and blood pressure 
180/120. She appeared chronically ill and com- 
plained of abdominal discomfort. Zxamination 
of the abdomen revealed diffuse tenderness most 
marked in the mid-epigastrium without muscle 
guarding, rigidity or rebound tenderness. Bowel 
sounds were normal. In the right upper quadrant 
there was felt to be a tender cystic mass which 
moved with respirations. The remzinder of the 
physical examination was otherwise as on her 
previous admission. 

The laboratory data were as folows: hemo- 
globin, 14.0 gm. per cent; white blocd cell count, 
12,650; differential count: segmented forms, 69 
per cent; lymphocytes, 28 per cent. monocytes, 
3 per cent. ljrinalysis: specific gravity, 1.017; 
pH, 7.5; protein, 1+; sugar, negétive; micro- 
scopic examination: two to four whice blood cells 
per high power field. Stool examina-ion: guaiac- 
negative. Blood chemistry: non-protein nitro- 
gen, 30 mg. per cent; fasting sugar 71 mg. per 
cent; cholesterol, 262 mg. per cert; albumin, 
4.3 gm. per cent; globulin, 2.7 gm. per cent; 
alkaline phosphatase, 8.1 Bodansky units; total 
bilirubin, less than 0.8 gm. per cent; icterus 
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index, 21.7 units; cephalin cholesterol floccula- 
tion, negative; thymol turbidity, 0.9 units. An 
electrocardiogram on admission showed a full 
auriculoventricular conduction time but was 
otherwise within normal limits. Roentgen 
examination of the chest revealed bilateral 
upper -obe fibrocalcific tuberculosis. Routine 
cholecystograms revealed cholelithiasis; the 
gallbladder was well visualized. 

The patient vomited food and liquids on sev- 
eral occasions but her symptoms gradually 
subsided. It was felt on subsequent examinations 
that the “mass”? in the right upper quadrant 
was only rectus muscle. Blood chemical deter- 
minations done on the fourth hospital day were 
as follows: alkaline phosphatase, 3.2 Bodansky 
units; amylase, 200 units; prothrombin level, 80 
per cent of normal. Her blood pressure was 
within rormal limits through most of her hospital 
stay with only an occasional rise to hypertensive 
levels. She was discharged asymptomatic on the 
seventh hospital day, September 30, 1954. 

The patient had apparently continued her 
antihypertensive therapy, varying the dose 
according to the blood pressure. She took only 
125 mg. of hexamethonium chloride on the day 
prior to admission; she had taken none on the 
day of admission. About 6:30 a.m. on October 11, 
1954, ske began to bave generalized cramping 
abdominal pain, most marked in the suprapubic 
area, associated with vomiting on one occasion 
and gagging. The cramping was also associated 
with the desire to defecate but she was unable 
to do so. She gave herself a small enema without 
recovery of the enema fluid. There had been 
no bowel movement on the day prior to admis- 
sion. However, there was a normal bowel move- 
ment the day before that. The cramping con- 
tinued intermittently all during the day of 
admissicn. 

On this admission the patient's temperature 
was 37.5?c.; pulse, 104; respirations, 22 and 
blood pressure 120/80. The patient appeared 
chronically ill and preferred to have her knees 
and legs flexed while lying on her side. On 
abdominal examination a mass thought to be the 
sigmoid colon full of feces was felt in the left 
lower quadrant. In the right lower quadrant 
there was tenderness without rebound. Bowel 
sounds were hypoactive. There was no hyper- 
peristalsis associated with cramping. The re- 
mainder of the physical findings had not 
changed from the last examination on the 
previous admission. 
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The laboratory data were as follows: hemo- 
globin, 16.8 gm. per cent; white blood cell 
count, 22,525; differential count, stab forms, 
12 per cent; segmented forms, 80 per cent; 
lymphocytes, 7 per cent; monocytes, 1 per cent. 
Urinalysis: specific gravity, 1.010; pH, 7.4; 
protein, negative; sugar, negative; microscopic 
examination: occasional hyalin cast, occasional 
epithelial cell, few phosphate crystals; bilirubin, 
negative. Stool: guaiac-negative. Urine culture: 
few colonies of coagulase-negative Staphylococ- 
cus albus. Blood chemistry: non-protein nitro- 
gen 33 mg. per cent; fasting sugar, 131 mg. per 
cent; amylase, 89 units; cephalin cholesterol 
flocculation, negative; thymol turbidity, 1.5 
units; total serum bilirubin, less than 0.8 mg. 
per cent; albumin, 5.2 gm. per cent; globulin, 
3 gm. per cent; alkaline phosphatase, 8.4 
Bodansky units; calcium, 11.3 mg. per cent; 
phosphorus, 5.9 mg. per cent; sodium, 137.9 
mEq./L.; potassium, 3 mEq./L.; chloride, 
94 mEq./L.; carbon dioxide combining power, 
20.8 mM/L. An L.E. cell preparation was 
negative. Blood culture: no growth. An electro- 
cardiogram was interpreted as follows: “The 
marked positional changes with the tall R 
wave in AVR point strongly toward a pul- 
monary embolus.” Posterolateral myocardial 
infarction, indeterminate heart position with 
marked clockwise rotation and sinus tachy- 
cardia were also diagnosed. 

The patient’s blood pressure after admission 
was extremely labile, reaching a height of 
220/140 three hours after admission, but early 
on the morning of the second hospital day it 
began to fall. Concomitant with the fall in blood 
pressure her temperature began to rise. Ten 
milligrams of vasoxyl® given: intramuscularly 
produced only a transient rise in her blood 
pressure with a prompt return to a level in the 
range of 70 systolic, the diastolic pressure being 
unobtainable. The patient continued to have 
abdominal pain and vomited guaiac-positive 
material. She was given intravenous fluids to 
which nor-epinephrine was added on the morn- 
ing of the second hospital day. Her blood pres- 
sure responded only transiently. Her level of 
consciousness decreased progressively; on the 
morning of her second hospital day she became 
totally unconscious. Despite the addition of 
increasing amounts of nor-epinephrine to the 
intravenous fluids, her blood pressure con- 
tinued to fall. Her temperature increased to 
42.5°c. She was placed in a refrigerated oxygen 
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tent and icebags were placed on her abdomen 
and axillas. Her respirations became increasingly 
more gasping and on the morning of her second 
hospital day they ceased entirely, her heart 
sounds coukl not be heard and her blood pres- 
sure was wiobtainable. An intracardiac injec- 
tion of 1 cc. of 1:1000 epinephrine failed to 
produce a response. Blood chemical determina- 
tions obtaired prior to her death on the second 
hospital day were as follows: non-protein 
nitrogen, 6C mg. per cent; chloride, 90 mEq./L.; 
carbon diozide combining power, 15.6 mM/L. 
She died or. October 12, 1954. 


CLINICAL DISCUSSION 


Dr. Epwarp REimNHARD: We should perhaps 
first consider what type of hypertension this 
patient hac. She was said to have had hyper- 
tension ducing her two pregnancies, with a 
return to normal blood pressure between 
pregnancies. There was no information in the 
chart as to how long ago either of these preg- 
nancies occurred. In 1951, two years prior to her 
first admission to the Barnes Hospital, she was 
found to kave sustained hypertension when she 
was hospitalized for hysterectomy. Following 
this operation she had occasional headaches and 
episodes o: epistaxis. From that time until 
twenty-four hours before her death she had a 
variable tut definite hypertension. Several 
months prior to her first admission intravenous 
pyelograms were taken elsewhere and were 
said to have been normal. During her first 
admission -o the Barnes Hospital she had 2+ 
proteinuria on one occasion; forty-eight hours 
later there was no proteinuria. Her blood non- 
protein nitrogen concentration was normal then, 
and remained so until she went into shock 
twenty-four hours before her death. The history 
at the time of her first admission stated that the 
patient hac been emotionally very unstable and 
subject to anxiety attacks since her hysterectomy; 
these were more severe after her mother died of a 
cerebral hemorrhage in February, 1953. We 
have no information about the patient's 
emotional status prior to the onset of her hyper- 
tension. Bcth the patient's mother and father 
are stated t5 have died of strokes. Dr. Schroeder, 
do you think the hypertension we are dealing 
with here is essential hypertension? That was the 
clinical diagnosis. Do vou see any reason to 
doubt it? 

Dr. Henry A. SCHROEDER: I never make a 
diagnosis of essential hypertension. It is very 
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hard to tell from the protocol just what kind she 
had. I would suspect that she had what we might 
call neurogenic hypertension, associated with 
overactivity of the autonomic nervcus system, or 
she may even have had an endocrin? component. 
She had had a hysterectomy and kad hyperten- 
sion with her pregnancies; it is possible that she 
may have had adrenal hyperplas a or even a 
small adenoma. 

Dr. Remnsarp: Does anybody have anything 
to add to this? We can agree with Dr. Schroeder 
that the data available do not perm.t us to define 
the hypertension much more precisely. 

Dn. Epwarp Massie: Dr. Reinhard, I would 

like to ask Dr. Schroeder if this patient could 
have had a pheochromocytoma? She was 
young, she had arrhythmias, abdominal pain 
and many other features described in patients 
with that disease; perhaps we have information 
about her only at the stage of her disease when 
the blood pressure was persistently elevated. 
. Dr. Scuroeper: That is a very zood sugges- 
tion, Dr. Massie. The history of hot flashes and 
palpitation could be consistent with either 
neurogenic hypertension or with pheochromo- 
cytoma. I suspect that when one zives a gan- 
glionic blocking agent to a patien” with pheo- 
chromocytoma the blood pressure does not 
come down. As a matter of fact, there drugs may 
make the tumor cischarge. I have rot had that 
experience myself but it has been reported. 

Dr. Remar: In view of the fact that no 
tests were performed to make the diagnosis of 
pheochromocytoma, Į believe ws can only 
say that this is a possibility here. Let us consider 
the blackout spells which were the immediate 
cause of this patient’s first admission. Six to 
eight weeks prior to admission she began to have 
attacks of irregular beating of her heart, an 
uncomfortable feeling of fullness in her head, a 
ringing in her ears, and a feeling shat she was 
going to faint although she never did. One 
day prior to admission she had an episode of this 
sort which passed off without ary sequelae. 
Because of her palpitation and the finding by her 
attending physician several weeks prior to 
admission of ventricular premature contractions, 
she was placed on quinidine, .2 gm. four times 
a day; this did no: seem to affect the frequency 
or severity of the palpitations. Blcod pressure 
readings in her physician’s office several weeks 
prior to admission were 240 or 250 systolic and 
110 or 120 diastolic on several examinations. 
Two hours prior to admission, while she was 
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lying quietly on a divan, a feeling of fullness in 
her head developed and she became unconscious. 
She did not convulse, did not bite her tongue 
and did not injure herself. There was no in- 
cóntinence of urine or feces. She did, however, 
stop breathing, and a neighbor began to breathe 
into her mouth. Police were called and an 
inhalator was used. Her attending physician 
arrived approximately thirty-five minutes after 
the onset of her unconsciousness. He found the 
patient to be in pulmonary edema with a very 
weak pulse. She was given 150 mg. of amino- 
phylline intravenously. Prior to this episode she 
had never had any symptoms of cardiac decom- 
pensation. The house officers who admitted this 
patient to the hospital thought this attack of 
unconsciousness was due either to a sudden 
cardiac arrhythmia or to decreased cerebral 
blood flow due to the cardiac decompensation. 
However, although the heart was enlarged, the 
liver was not; there was no edema and there 
was no very convincing evidence of cardiac 
decompensation. Dr. Massie, I believe you have 
studied this patient's electrocardiograms. Would 
you tell us what the electrocardiograms on this 
admission showed, and then explain to us what 
you think these attacks of palpitation, as well as 
the single episode of unconsciousness, might have 
been due to. Were these due to the same cause or 
to different causes? 

Dr. Massie: Looking over the eleven electro- 
cardiograms I would say this patient suffered 
successively myocardial ischemia, left ventric- 
ular strain, myocardial injury and then subse- 
quently developed a fairly normal record. In the 
first set of tracings ischemia is seen primarily, 
and I can go no further than to blame coronary 
insufficiency as the cause of the electrocardio- 
graphic findings. I would not necessarily 
incriminate the heart as the cause of the blackout 
spell. 

Dr. REINHARD: This patient did have a 
pericardial friction rub from the fifth to the 
fifteenth hospital day. How do you account for 
this? 

Dr. Mass: I do not believe that this patient 
had a myocardial infarction. Therefore, I 
would not make a diagnosis of pericarditis 
resulting from myocardial injury and infarction. 
I cannot explain why she had pericarditis; the 
electrocerdiogram is not very impressive, and I 
wonder whether she did have it. The friction 
rub may have been something else. I presume it 
was not a pleural-pericardial friction rub? 
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Dn. REINHARD: Dr. Wilson, was this a friction 
rub? 

Dr. Kerru Wirsow: I thought it was a peri- 
cardial friction rub. 

Dr. Massie: In that case, I cannot explain it 
on the basis of what I see in the protocol or the 
electrocardiogram. We would have to ascribe 
it to an arrhythmia. In these eleven electro- 
cardiograms we have no arrhythmia. I do not 
know how cerebral syncope occurs in cardiac 
disease without shock, without acute infarctions 
or without arrhythmias. 

Dn. Reinuarp: Dr. Wilson, did this patient 
ever have an arrhythmia when you saw her in 
the office? 

Dr. WirsoN: No, but I saw her only about 
two weeks before she entered the hospital. 

Dr. Jonn SurrH: The remark she made that 
there was a feeling of fullness in her head “like 
everything was rushing into my head" is 
extremely reminiscent of venous congestion, and 
one wonders whether or not these were episodes 
of sudden vasodilatation which were occasioned 
by some type of vagal depressor response. One 
wonders whether the carotid sinus might have 
been active in a patient like this, there being 
particularly a cerebral type of response; the 
palpitation therefore would follow in natural 
sequence to it. 

Dr. REINHARD: We may be comforted by the 
thought that there may be no pathologic changes 
to account for this attack of unconsciousness, but 
perhaps we will not have to apologize for that. 
We certainly cannot explain this adequately. 
Let us proceed now to the patient’s second 
hospital admission seven months later in Septem- 
ber, 1954. The chief complaint that brought 
the patient to the hospital this time was epi- 
gastric fullness and a tightness of the epigastrium, 
without any real pain, of one week’s duration. 
The patient also had a cold. She apparently had 
been nauseous and had vomited several times 
during the two days before admission. Eight or 
nine years prior to this, at the age of thirty-eight, 
the patient had several episodes of nausea with- 
out pain. Apparently no x-rays were taken at 
that time, but she was told that she had a peptic 
ulcer and was treated with antacids and a diet 
following which her symptoms subsided, In the 
fall of 1954 she had episodes of epigastric tight- 
ness and right upper quadrant distress at which 
time gastrointestinal x-rays were obtained 
elsewhere; these were said to have been normal. 
We have not seen them. However, she was told 
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that she prebably had a recurrence of her ulcer 
and was put on a bland diet. She never had 
gross blood .n her stools or melena, but one stool 
was-guaiac positive at the time of her second 
admission to the hospital or just before it. An 
electrocardi»gram taken on the day of admission 
to the hospital showed prolonged conduction but 
was otherwise not remarkable. Six stool speci- 
mens examined while the patient was in the 
hospital were all guaiac-negative. I think the 
protocol meations only one. This is a good time 
to see the x-rays, as no films were taken of this 
patient except during the second hospital 
admission. 

Dn. WiLL-AM B. Seaman: On the first day of 
the second hospital admission the patient had 
examinations of the chest and abdomen. The 
examination of the chest showed a cardiac 
shadow tha: lay within the upper limits of nor- 
mal. It migat perhaps have been slightly en- 
larged, but without previous films it was impos- 
sible to say. She had calcified peritracheal nodes, 
a small focal parenchymal calcification lying in 
the subpleural position in the apex of the lower 
lobe, and ir both upper lobes there were small 
focal areas of calcification. These all were com- 
patible with an old calcified tuberculosis. The 
lungs were o-herwise clear. The examination of 
the abdomen revealed a gas pattern in the 
intestinal tract which was not remarkable. The 
liver shadow extended down a little below the 
iliac crest; there was no evidence of calcified 
gallstones. TLere were a few calcifications over- 
lying the kidney on the right side, but in the 
lateral view they seemed to lie within the sub- 
stance of the liver rather than in the kidneys. 
Kidney shadaws were normal in size. Three days 
later a cholecvstogram showed normal visualiza- 
tion of the gallbladder, but overlying its shadow 
were some radiolucent areas which could have 
been stones. 

Dr. Remesar: Dr. Wilson, this was your pa- 
tient. Did you think the symptoms at the time of 
her second azmission to the hospital were due 
to cholelithiasis or cholecystitis?, That was the 
favorite clinical diagnosis while the patient was 
in the hospita.. You will recall that the patient 
had an icterus index of 21 on the day of admis- 
sion to the hospital, which in the presence of 
gallstones would certainly suggest common duct 
obstruction; however, the patient was not 
clinically jauadiced, and the total serum bili- 
rubin on the seme day was less than 0.8 mg. per 
cent, so one would suspect the icterus index 
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was due to some other factor. What was your 
impression at this time? 

Dr. WirsoN: I did not see her at that ime, but 
apparently everyone thought she had some 
process going on in her abdomen, most HEC) in 
the gallbladder. 

Dr. REINHARD: Dr. Mendeloff, would you like 
to make any comments about the probable cause 
of this patient's symptoms at this time? 

Dr. ALBERT I. MENDELOFF: None of the data 
we have, Dr. Reinhard, would allow me to state 
that her symptoms were due to gallstones, if she 
had them, or to an ulcer. 

.. Dr. RziNHARr: The alkaline phosphatase was 
elevated at the time of her admission to the 
hospital, and four days later it was back to nor- 
mal; however, during the patient’s terminal 
hospital admission the alkaline phosphatase was 
again elevated. Would you like to comment on 
possible causes for the elevated alkaline phospha- 
tase, Dr. Shank? Is it the result of liver disease? 

Dr. RosERT E. SHANK: There is really no 
evidence of any liver disturbance in the protocol. 


Dr. REmnHARD: Dr. Mendeloff, how about the ` 


amylase of 200 Somogyi units on the fourth day 
of this hospital admission? Is this of any help? 
Dr. MENDELorF: An isolated amylase value of 
200 is not really abnormal. There was a later 
value of 89. These were the only two that were 
recorded on this patient, and together they do 
not help us very much. We do know that people 
with hypertension have marked changes in their 
pancreatic vessels, and a number of them have a 
certain amount of pancreatitis which is not 
clinically significant. This woman did have 
some findings which suggest that she might have 
had pancreato-biliary disease, and she was 
hypertensive, but there was little to make me 
believe that she had an acute pancreatitis. 
- Dr. REINHARD: The patient died twenty-two 
hours after the tnird and final hospital admission. 
She had apparently continued her antihyper- 
tensive therapy, varying the dose according to 
the blood pressure. She took only 125 mg. of 
hexamethonium chloride on the day prior to 
admission and had taken none on the morning of 
admission. At about 6:30 A.M. on the day of 
admission she began to have generalized cramp- 
ing abdominal pain most marked in the 
suprapubic area but involving other areas as 
well. This was associated with vomiting on one 
occasion and considerable gagging. T'he cramp- 
ing was also associated with the desire to 
defecate, but the patient was unable to move her 
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bowels. She gave herself a small enema without 
recover:ng the enema fluid. There had been no 
bowel movement on the day prior to admission, 
but there was a normal movement the day prior 
to that The cramping abdominal pain con- 
tinued intermittently all during the day of 
admission to the hospital The. significant 
physical findings on admission were a tempera- 
ture of 37.6?c. which rose rapidly thereafter. 
The blood pressure fluctuated widely for four or 
five hours from extreme hypertensive levels to 
almost normal or hypotensive levels, following 
which she went into shock and the blood pres- 
sure went down to shock levels and stayed there 
in spite of therapy. The abdominal pain was 
less severe when the patient lay on her side with 
her legs flexed. There was right lower quadrant 
tenderness without any rebound tenderness. The 
comment was made repeatedly in the progress 
notes that in spite of the cramping pain there was 
no hyperperistalsis and, in fact, it was thought 
that the bowel sounds were rather definitely 
hypoactive. The lungs were clear. There was no 
significant hepatomegaly and there was no 
edema. Án electrocardiogram was taken shortly 
before the patient's death. 

Dr. Mass: This eleventh electrocardiogram 
showed a remarkable change from the previous 
tracing of September 25, 1954, which we called a 
normal record; this last one revealed a marked 
clockwise rotation which indicates that the 
patient probably had had a pulmonary embolus. 
She may have had a posterior myocardial in- 
farcticn or a lateral infarction, but in view of the 
marked degree of clockwise rotation I would 
favor the pulmonary embolus as the cause of this 
electrocardiographic change. 

Dr RxiNHanRD: Dr. Massie, this was origi- 
nally read as showing both pulmonory embolus 
and myocardial infarction. 

Dr. Massie: I would take away the myo- 
cardia! infarction and say that pulmonary 
embolus was the cause of this remarkable change. 
With the drop in blood pressure one might think 
that -his was a case of terminal myocardial 
infarction, but when you have electrical axis 
changes of this degree, a change from a hori- 
zontal heart position to almost a vertical heart 
position, I do not believe one can say the patient 
had :nfarction alone. If the patient had an 
infarction, she also had a pulmonary embolus, 


but I would prefer to hold to one diagnosis. 


DR. Remuarnp: Where did this embolus come 
from, Dr. Massie? 
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Dn. Massie: This is a rather strange case. As 
I listen to the gastroenterologists try to explain 
abdominal pain here without any objective 
proof of gastrointestinal trouble, I am reminded 
of a few patients I have seen with pheochromo- 
cytoma; they had abdominal pain and cramping 
as this patient did. As to where the pulmonary 
embolus came from, I do not know; perhaps it 
came from the legs. 

Dn. REINHARD: Dr. Smith, what do you think 
was the cause of this patient's electrocardio- 
graphic change? 

Dn. SmirH: I would agree with Dr. Massie 
entirely; this is a picture of extreme right 
ventricular enlargement and dilatation proba- 
bly due to acute pulmonary arterial obstruction. 
Now whether it was an embolus or whether there 
was a thrombus formed spontaneously within 
the pulmonary tree, I do not know. One 
wonders whether or not there was diffuse 
vascular disease of some sort going on with so 
many organ symptoms. 

Dr. MzNpELorr: In patients of this age and 
with this amount of vascular disease—if she 
really had this much over a period of time—one 
has to think about mesenteric thrombosis. 
Among the puzzling aspects of this case was the 
terminal temperature curve which suggested 
intracerebral rather than intra-abdominal dis- 
ease, but I should like to have a more detailed 
account of her abdominal findings. Apparently 
this pain started low down and ended up as a 
low, cramping sensation. Finally, she vomited 
blood. ‘This certainly would have been consistent 
with mesenteric thrombosis. She apparently 
passed no blood by rectum. 

Dr. Renard: The description of the ab- 
dominal findings is as follows: ‘“‘abdomen flat 
and soft with doughy consistency, apparently 
due to minimally distended colon throughout, 
moderate tenderness throughout, especially in 
the left lower quadrant and the right lower 
quadrant, liver down one fingerbreadth, hypo- 
active bowel sounds, no rebound tenderness." 
I must confess that in going over this case I 
thought mesenteric vascular occlusion, either 
venous or arterial, was a diagnosis that would 
have to be very seriously considered. After all, 
emboli to the mesenteric artery often originate 
in the heart as a result of myocardial infarction. 
They may originate in the aorta; they may 
originate in the pulmonary vein. As far as the 
clinical picture was concerned, it certainly 
seemed to be compatible with mesenteric 
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thrombosis. Mesenteric occlusion is character- 
ized by abdominal pain, usually cramping or 
colicky. This is a symptom which this patient 
had. Nausea and vomiting occur and tend to be 
mild. Thev often subside after a short period of 
time. The patient may have constipation and 
diarrhea; there may be moderate distention 
without abdominal rigidity. Later on the picture 
changes into one of intestinal obstruction, 
vomiting of bloody material often occurs, and 
there may be blood in the stools. The pain 
becomes constant and very severe. That may 
have been masked in this case by the uncon- 
sciousness. Peristalsis is often hyperactive in the 
early phase but then becomes hypoactive, and 
this patient would then fit the later stage of this 
syndrome. Fever usually occurs, although sub- 
normal temperatures have been reported. 
Leukocytosis is almost always present and may 
be very marked, the white count often reaching 
levels of thirty to forty thousand. This patient's 
leukocyte count was twenty-two thousand. 
Shock almost always occurs and usually does 
not respond to fluid replacement or to other 
medical procedures. Dr. Smith, does this appeal 
to you at all? 

Dr. Surru: Yes, I would say it is a very 
reasonable course of events. 

Dr. James Owen: I would like to suggest the 
possibility of a dissecting aneurysm. 

Dn. ReinsArRD: That is another possibility 
we have to consider. Some of the features of this 
case would fit in with it. First of all, dissecting 
aneurysm usually occurs in patients who have 
long-standing hypertension. Furthermore, if the 
aneurysm involves the ascending aorta, it may 
compress or dissect along the coronary seg- 
ments and produce findings compatible with 
myocardial infarction; however, if that were the 
case it would have to involve the ascending 
aorta, and I believe you would anticipate that 
the patient would have thoracic pain at least 
early in the process even though the pain might 
be abdominal later on. The clinical manifesta- 
tions of a dissecting aneurysm incjude a sudden 
onset, the pain reaching maximum intensity 
usually very quickly, although there is great 
variability in the pain. Moderate to severe 
prostration often occurs, with or without loss of 
consciousness. Death usually occurs within a few 
hours to a few days although an occasional 
patient may live even for months. It seems to me 
that the features against the diagnosis of dis- 
secting aneurysm in this patient are, first of all, 
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Fic. 1. The gross appearance of the tumor mass in the 
left adrenal is illustrated. The lesion occupies and re- 
places the greater part of the organ, only a narrow 
band of cortical tissue surrounding it at the periphery 
(light in the photograph). The cut surface of the mass 
presents a variegated appearance due to an inter- 
mixture of areas of necrosis (light) and hemorrhage 
(dark). The only portion of the adrenal unaffected is 
shown attached to the tumor below and to the left. 


that if vou attribute the evidence here for 
myocardial infarction (if there is such evidence) 
to an underlying dissecting aneurysm, it would 
have had to involve the ascending aorta, and the 
description of the pain was not suggestive of 
that. Second, how would vou account for the 
guaiac-positive vomitus if the patient had had a 
dissecting aneurysm? Third, if you say that this 
patient had a dissecting aneurysm of the aorta to 
account for her terminal events, there is no very 
good explanation for the electrocardiographic 
findings. One would have to say then that she 
had an independent pulmonary embolus or an 
independent myocardial infarction. I am assum- 
ing, Dr. Schroeder, that the terminal renal 
events here were just due to shock. Is there any 
further comment needed on that? The final 
house staff diagnoses were cholelithiasis; acute 
cholecystitis, suspected; hypertensive cardio- 
vascular disease; and infarction of myocardium 
due to arteriosclerotic coronary thrombosis. I 
personally think this patient had hypertensive 
cardiovascular disease. I believe she had an 
infarction of the myocardium due to arterio- 
sclerotic and coronary thrombosis. I am at- 
tracted by the possibility that she might have had 
occlusion of the mesenteric artery due to an 
embolus from the left ventricle. 


PATHOLOGIC DISCUSSION 


Dr. RoBEeRT C. AHLVIN: The surface of the 
body of this well developed, asthenic white 
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woman was not remarkable except for the 
presence of a well healed, lower abdominal scar. 
The heart was hypertrophied (470 gm.) and 
dilated. Coronary arteries were sclerotic and 
stenosed but not occluded. The myocardium, 
particularly that of the right ventricle, was dif- 
fusely infiltrated with fat, but infarcts were not 
demonstrable. The lungs were heavy, bright red 
and crepitant; thrombi were not encountered. 
Uterus, tubes and ovaries had been removed 
surgically. The liver was slightly congested. 
The gallbladder contained two rather large soft 
stones; its wall was normal and the extrahepatic 
portion of the biliary tree was widely patent. 
The surfaces of the kidnevs were finely granular, 
but the organs were otherwise normal. 

The right adrenal was normal, but the left 
weighed 50 gm., and had been partially replaced 
by an orange-yellow mass 4 cm. in diameter (Fig. 
1) containing soft, hemorrhagic areas. Bright 
vellow cortical tissue surrounded the nodule. 

Dr. W. STANLEY Hartrort: Microscopically, 
the tumor in the right adrenal presents a uniform 
appearance (Fig. 2) interrupted by dilated 
vessels and hemorrhage. (Fig. 3.) Remnants 
of cortex at the periphery contain lipid. The 
cells are arranged in pseudoacini, supported by 
well defined basement membranes. (Fig. 4.) 
Nuclei possess prominent nuclear membranes, 
nucleoli and chromatin; the abundant cyto- 
plasm contains granules. They are blackened by 
osmic acid and give a positive chromaffin 
reaction. In many respects the tumor resembles 
normal adrenal medulla (Fig. 5) and is most 
certainly a secreting pheochromocytoma. The 
cortex of the opposite adrenal (left) contains a 
small adenoma and the organ weighed 10 gm., 
indicating that it had probably undergone 
compensatory hyperplasia. 

In frozen sections of the heart (left ventricle) 
stained for lipid, fatty degeneration of the 
myocardium was appreciable. (Fig. 6.) Fatty 
infiltration, on the other hand, was unusually 
prominent in sections of the right ventricle 
(Fig. 7), although the patient was far from 
obese (110 pounds). In cases of pheochromo- 
cytoma, myocardial degeneration is not in- 
frequently present and may even progress to 
necrosis. 

Renal parenchyma was relatively normal but 
for minimal degrees of cortical scarring of a non- 
specific nature. However, many arterioles 
exhibited hyperplasia and even necrosis. (Fig. 8.) 

Basophils in the anterior pituitary are 
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Fics, 2 to 5. These photomicrographs illustrate the appearance of the pheochromocytoma and afford a comparison with 
the medulla of the contralateral normal adrenal (right). All photographs are of paraffin sections stained with hema- 
toxylin and eosin, photographed through Wratten B and G filters. Figure 2 shows the appearance of one of the better 
preserved regions of the tumor (original magnification X 200). The acinar arrangement of the cells and large vessels is 
shown. Figure 3 illustrates another portion of the tumor at the same magnification. Most of the field is taken up by a 
large area of hemorrhage. A small portion of necrotic tumor tissue occupies the upper right hand corner. Figure 4 
illustrates the cytology of the tumor at higher magnification (original magnification X 500). The cells are arranged in 
acinar forms supported by basement membranes. Note the relation of the tumor cells to the vessel in the upper left. 
Figure 5 illustrates the appearance of the contralateral, normal adrenal at the same magnification as in Figure 4. The 
tumor cells closely resemble those of the normal medulla. 
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Fics. 6. to 8. These photomicrographs illustrate changes in the cardiovascular system which are probably the result of the 
hormonal imbalances produced by the secreting tumor cells. Figure 6 is a photomicrograph of a frozen section of left 
ventricle stained with Oil Red O and Light Green (Wilson). The myocardial fibers are swollen, degenerating and filled 
with innumerable droplets of stainable fat (black in picture) (original magnification X 400). Figure 7 illustrates fatty 
infiltration present in the auricles of the heart. There has been extensive replacement of destroyed myocardium by 
infiltrating adipose tissue Wratten B and G filters; hematoxylin and eosin stain (original magnification X 200). Figure 
8 illustrates the appearance of the renal arterioles. To the right of the glomerulus (upper left) is an afferent arteriole 
cut in cross section. Recent necrosis is present in its media. Below to the left is another portion of the same vessel at the 
point where it enters the glomerular root. The hyperplastic vacuolated cells probably represent an altered juxta- 
glomerular unit. The macula densa does not appear in the plane of this section. Masson stain; Wratten B and G filters 
(original magnification X 500). 
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vacuolated, enlarged and increased in number. 
Beta cells of pancreatic islets are normal and 
their degree of granulation is within normal 
limits. 

This patient suffered from the effects of an 
adrenal tumor which fulfills all the criteria for 
the diagnosis of a functional pheochromocytoma. 
The rest of her organs were unremarkable except 
that the consequent elevation in blood pressure 
is reflected by arteriolar hyperplasia with 
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necrosis in tke kidney and by cardiac damage 
(fatty degeneration and fatty infiltration of the 
myocardium. Vacuolization of basophils is a 
prominent feature of the pituitary sections and 
probably resulted from the hormonal imbalance 
produced by the tumor. 
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UR pulmonary function laboratory is 
( ) often asked to help ir determining 
whether polycythemia is primary in 
nature or secondary to anoxemia caused by 
pulmonary disease. Originally we Eelieved that 
this differential diagnosis could be made solely 
on the basis of careful measuremen':s of arterial 
Os saturation. This belief was based both on 
theoretical and practical considerations. Theo- 
retically, uncomplicated polycythemia vera 
should not lead to arterial anoxemia because 
diffusion across the normal alveolar capillary 
membranes permits the transfer of enough Os 
to saturate fully even twice the usta number of 
red blood cells per unit of blood pec unit time. 
Furthermore, simple pulmonary vascular con- 
gestion, which is believed to accompany the 
plethoric state in polycythemia, should not lead 
to any decrease in the diffusing capacity of the 
lungs. Practically, it has been shown that in the 
great. majority of patients with severe polycy- 
themia the arterial Os saturation is within 
normal limits.! We have confirmed this in our 
studies. We considered, therefore, the normal 
arterial Os saturation at rest and during exercise 
in a patient with polycythemia zs strongly 
suggesting that polycythemia is primary. 

It seemed logical to conclude also that reduced 
arterial Os saturation in a patient with poly- 
cythemia indicates polycythemia is secondary to 
anoxemia. However, this conclusiom is ques- 
tionable on several grounds: (1) Patients with 
polycythemia vera are usually more than fifty 
years of age. Healthy persons in this age group 


may have a slight reduction in arterial O» 
saturation.” Further, polycythemia vera may 
coexist in patients with slight to moderate 
anoxemia caused by pulmonary disease. The 
problem in these patients is to determine whether 
the degree of anoxemia present is likely to have 
caused the degree of polycythemia. (2) Patients 
with »olycythemia vera occasionally have 
arterial anoxemia which is considered to be 
secondary to polycythemia itself.#~® | 

This paper contains a report of a patient with 
polycythemia referred to us by another doctor ] 
who wished to know whether the polycythemia 
in this patient was secondary to anoxemia. 
Arteria. blood studies showed that the patient 
was indeed anoxemic and this suggested that he 
had secondary polycythemia. However, more 
complete studies led to the conclusion that 
anoxemia was caused by localized damage to the 
medullary respiratory center, possibly caused 
by emboli or thromboses. 

We are also reporting briefly on twenty-four 
other patients with polycythemia vera who had 
little or no arterial anoxemia or pulmonary 
disorders; we wish to stress that anoxemia 
secondary to polycythemia vera is uncommon 
and not, as might be inferred from a recent 
report,* a frequent occurrence. 


GASE REPORT 


Patient N. M. was a large man (S. A. = 2.1 sq. M), 
sixty-threz years old. His first complaints were in 1957 
when he developed frequent hiccoughs, sometimes 


t Dr. Rodney Kirk of the York Hospital. 


* From the Department of Physiology znd Pharmacology, Graduate School of Medicine, University of Pennsyl- 
vania, Philadelphia, Pennsylvania. Supported in part by a contract between the office of Naval Research and the 


University of Pennsylvania. 
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followed by vomiting and blood spitting. However, he 
was able to work regularly on a farm until July, 1955 
when he had a severe hemorrhage, possibly originating 
in esophageal varices. He also complained of arthritis 
and, a few months later, of numerous attacks of numb- 
ness and tingling on the right side of his body asso- 


TABLE I 
PULMONARY FUNCTION STUDIES ON PATIENT N. M. 











à Nor- | Patient 
Studies ma I N.M 
Lung Volumes: 
Inspiratory capacity (ml.)........ 3,280 | 3,490 


Expiratory reserve (ml.)..........| 820 610 


Vital capacity (ml.)............. 4,100 | 4,120 
Residual volume (ml.)........... 1,840 | 1,930 
Total lung capacity (ml.)........ 5,940 | 6,030 
RV/TLG X 100 (95). .......... 42 32 
Functional residual capacity (ml.).| 2,660 | 2,540 
Respiratory dead space (ml.)..... 180-200| 270 
Distribution of Inspired Gas: 
Single breath O; test (95 INS). .... 2.0 123 
Pulmonary Nz emptying rate, 7’ 
lest (05 NI) ess oer cu aban: 2.5 0.3 
Diffusion: l 
Fractional CO uptake (%)....... 50 48 
Diffusing capacity, single breath 
(ml. CO/min./mm. Hg)....... 20-40 | 30 
Mechanics: 
Maximum breathing capacity 
(LL POU) vas auda cts ar e dS 107 194 
1 second vital capacity (%)...... 81 79 
3 second vital capacity (95). ..... 95 92 
Maximum expiration flow rate | 
(1.2 min eese peni Mead 500 440 
Maximum inspiration flow rate 
(1. /minJ. «de seerued ai e hs 400 202 
Miscellaneous: 
Os consumption (ml./min.)...... 300 370 
Hematocrit (%)............005. 46 64.2 
Hemoglobin (gm./100 ml.)....... 15.6 18.6 
Os capacity (ml. 02/100 ml.).....| 20.9 24.9 
Venous pressure (cm. H2O)...... 4-11 8.0 
Circulation time, lung to ear (sec.) | 6-8 9 


Circulation time, arm to ear (sec.) | 12-16 | 20 


ciated with a failing memory. He had no dyspnea 
except for a short time in June, 1953. Pertinent find- 
ings on physical examination were purplish-red 
cyanosis of the face, numerous telangiectasia, moder- 
ate enlargement of the heart and liver (spleen was not 
palpable), venous engorgement in the optic fundi and 
Argyll-Robertson pupils. Serum and cerebrospinal 
fluid tests for syphilis gave negative results and cere- 
brospinal fluid pressure was within normal limits. 
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X-ray of the ckest showed increased markings through- 
out the lung itelds; these were attributed to mild pas- 
sive congestiom. Studies of the blood performed after 
the severe heraatemesis showed: red cells, 6.0 to 6.4 
million per cc. mm.; hemoglobin, 20.0 to 20.6 gm./ 
100 ml.; hematocrit, 67 to 70 per cent; white blood 


TABLE II 
BLOOD GAS ANI VENTILATORY STUDIES ON PATIENT N., M. 


Blood Gas Studies 9/29/53]11/10/53/6/10/54 




















Arterial Os satura.ion (air), 95.......... 82 74 62 
Arterial Os satura-ion (hyperventilation, 

airh Goi cox ca AR s RADO Sa en oon 99. — losysus 
Arterial Os saturacion (O3), 96.......... 100 100 99.8 
Arterial Qs saturation (exercise), 95......|....... |: Ss corer 
Arterial Os saturation (breath-holding), 95 |....... 39. Moea 
Arterial O2 saturation (7.5% COa in air), 

Cevunret ae ene nmunenne ene mene ee eee eee we epw ec ee oe | ODO | «^ 
Arterial PCO, num Hg (air)............. 75 68 62 
Arterial pH (3 iios es doro LAESA 7.24*| 7.20 7.29 

Ventibtory Studies 9/29/53/11/10/5316/10/54 











Respiratory minute volume (L./M*/min.).} 4.8 6.1 3.8 


Tidal volume (1., M?/min)............].. 0.218; 0.200; 0.136 
Respiratory (breachs/min.)............. 22 30 28 
Alveolar ventilatien (L./M3/min.)....... 1.7 1.8 0.056 


* This patient was not able to compensate for the respiratory acidosis; 
the reasons for th] have not been explored. 


count, 6850 ta 14,2000/cu. mm. and platelets, 140,000 
to 174,000/z1. mm, The measurements that were 
made on this patient are presented in Tables 1 and n. 

In our laboratory we classify pulmonary disorders 
on the basis of alterations in physiologic processes as 
follows:$ 


1. Disorde:s of ventilation 
A. Hypoventilation 
B. Uneven distribution of inspired gas (in re- 
lazion to pulmonary capillary blood flow) 
2. Impairrnent of diffusion of gases across alveolar 
capillary membranes 
3. Disorders of pulmonary circulation 
A. Uneven distribution of pulmonary capil- 
lary blood flow (in relation to alveolar 
ventilation) 
. B. Venous-arterial shunt 
4, Abnormalities in erythrocytes er hemoglobin 


It soon became apparent that hypoventilation was a 
major factcr in this patient. The evidence was as 
follows: (1) The patient had CO, retention as well as 
anoxemia. (z) His resting alveolar ventilation [(tidal 
volume —resoiratory dead space) X frequency] was 
abnormally lbw in relation to his Os consumption. In 
part this wa: due to^a moderate enlargement of the 
anatomic dead space to 270 ml. (as measured by the 
single breath test using the nitrogen meter’) but in 
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larger measure was due to a reduction ir: tidal volume. 
(3) The anoxemia in this patient cculd be relieved 
by voluntary hyperventilation with air, When he 
breathed at different tidal volumes (fequency main- 
tained relatively constant), the arteriz] D» saturation 
became normal for a man of his age group when the 
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Fic. 1. Relationship between alveolar ventilation and 
arterial Os saturation; these data are der-ved from the 
alveolar air equation and the standard oxygen dissocia- 
tion curve. The data for the bottom sca.e of alveolar 
ventilation (Va) apply when oxygen consumption (Voz) 
is 300 ml. /minute; those for the upper scalz apply to the 
alveolar ventilation in liters/minute for cazh 100 ml. O; 
consumption/minute. The values for -hz arterial Os 
saturation are the maximal possible valves at each level 
of alveolar ventilation because it js assumed that the 
arterial Os tension equals the alveolar O; tension. A low 
respiratory quotient tends to raise the saturation pro- 
duced by any given alveolar ventilation, but the effect is 
relatively small. It is meaningless to plot -aturations of 
patient N. M. on this diagram because wedo not know 
the oxygen consump-ion and respiratory jv otient during 
hypoventilation, nor do we know that the patient was in 
a steady state. However, the diagram ilustrates the 
theoretic basis for the experimental find-ng that during 
hypoventilation arterial saturation is verr sensitive to 
small changes in alveolar ventilation. (Tatie m.) 


alveolar ventilation reached normal values of about 
4.0 liters.* (Table m.) When no attempt was made 
to regulate his breathing, the total ventilation and 
alveolar ventilation were variable and the arterial 
Os saturation fluctuated widely with che alveolar 
ventilation. 

In normal subjects the sensitivity of the respiratory 
center to an increase in arterial Poo, prevents hypo- 
ventilation and anoxemia. When arteria. O, satura- 
tion is maintained in the normal range of 95 to 98 per 
cent large increases in ventilation prodwcs only slight 
changes in saturation. But when the respiratory center 
permits hypoventilation, as was the case here, the 


* It is of interest that an increase in alveolar ventila- 
tion, produced by inhalation of 7.5 per zent CO;, did 
not raise the arterial Oe saturation of this patient to the 
expected value; this may be due in part tc the acidosis 
produced, with a consequent shift in the 'O- dissociation 
curve. 
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arterial saturation is greatly changed by small changes 
in ventilation. This is illustrated by Figure 1 in which 
alveolar ventilation is plotted against the maximal 
possible saturation which it could produce. 

Despite this evidence, it seemed important to 
exclude other pulmonary disorders as contributing to 
this anoxemia. 


TABLE In 
EFFECT OF VARIATIONS IN ALVEOLAR VENTILATION UPON 
ARTERIAL O SATURATION 





% 
Satura- 
Respir- | Respir- Alveolar Alveolar tion 
atory | atory Ventilation/ Ventilation/ | Arterial 
Minute | Fre- Breath Minute Blood 


Volume | quency | (T. V) | (TV — DS)* | (TV — DS) X f| (oxim- 


(ml.) (f) (ml.) eter 
read- 
ing) 1 
4060| 22 | 185|  .....t |  ...... t 55 
' 4,400 22: h 300.]| aea || (xx t 65 
5,060 24 | ZO] el || aeweke T 80 
5,060 245 [I 22D nee || aeri T 65 
6,440 24 0 74 
6,530 23 345 89 
6,780 24 360 84 
7,010 25 250 87 
7,240 25 500 82 
8,320 28 700 86 
9,330 26 2,350 87 
9,630 27 2,300 90 
9,680 26 2,600 89 
11,600 29 3,770 94 
12,100 31 3,720 93 
17,450 30 9,300 95.5 
22,400 28 14,800 97 
24,500 29 16,650 96 
24,700 29 16,800 97 
24,150 25 17,350 96 
41,000 28 33,500 97 
60,400 26 53,300 96 





* A dead space value of 270 ml. is used in these calculations although 
it is probably greater at large tidal volumes and less at small tidal 
volumes. 

T When alveolar ventilation is computed in these cases from values for 
tidal volume and anatomic dead space, negative values are obtained. 
This occurs because inspired gas does not push the dead space gas ahead 
of it as a square front but pushes into the dead space as a wedge or cone 
so that some inspired gas reaches the alveoli before a volume equal to 


: dead space volume has been inspired. Therefore, when tidal volume is 


so small thet it does not completely flush the dead space, the alveolar 
ventilationsbreath is considerably greater than TV — DS.* Thus esti- 
mates of alveolar ventilation given in the upper half of this table are 
underestimates. 

} The arterial Oz saturations recorded in the table are all “oximeter” 
saturations. The patient was not necessarily in a steady state since the 
different races of ventilations were maintained for only two or three 
minutes in some cases. 


Uneven distribution of inspired gas to the alveoli 
was excluded by the single breath test utilizing the 
nitrogen meter? and by the pulmonary nitrogen 
emptying rate test. Furthermore, the lung volumes, 
RV/TLC ratio, maximum breathing capacity and 
maximal inspiratory and expiratory flow rates were all 
within narmal limits. 

Impairment of diffusion was ruled out by two tests 
of CO uptake.!9.11 Furthermore, the arterial Poo, of 
75 mm. Hg was incompatible with uncomplicated 
alveolar-capillary block. 
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It is possible that multiple pulmonary emboli, 
thromboses or sludges might produce anoxemia owing 
to uneven distribution of pulmonary capillary blood 
flow, even though distribution of inspired gas to the 
alveoli was uniform. However, calculations of dead 
space based on Bohr's equation and measurements 
of arterial and expired Poo, showed that the dead 
space volume so computed (240 ml.) was approxi- 
mately the same as the anatomic dead space (270 ml.). 
This indicates that the ventilation/blood flow ratios 
of this patient were not widely different in different 
parts of the lungs; since ventilation was uniform by the 
single breath test it is reasonable to assume that the 
pulmonary capillary blood flow was also fairly uni- 
form throughout the lungs. 

Venous arterial shunts were excluded as an impor- 
tant factor by the observation that the blood became 
fully saturated during hyperventilation with air or 
during the inhalation of 100 per cent Oz. To eliminate 
completely the possibility that a small shunt is present, 
not only should the hemoglobin of arterial blood 
become fully saturated with Oz during the inhala- 
tion of pure Os, but an additional 2.0 ml. 02/100 ml. 
blood should be present as dissolved O». This latter 
value was never quite attained in our studies on 
patient N. M. so that a small shunt was not ruled out; 
however, it could not possibly explain the degree of 
unsaturation in this case, 

Abnormal hemoglobin could not be detected by 
spectrophotometric studies. * The oxyhemoglobin dis- 
sociation curve was normal, considering the arterial 
pH, and studies of the rate of uptake of CO by the 
red blood cells showed this to be within normal limits. 

These studies confirmed our impression that hypo- 
ventilation was the patient's major difficulty. Our 
next step was to determine the reason for the hypo- 
ventilation. The fact that the patient had decreased 
alveolar ventilation despite the coexistence of three 
potent stimuli to respiration (anoxemia, acidosis and 
increased arterial Poo,) indicated that either there was 
a serious mechanical hindrance to breathing or that 
the neuromuscular mechanisms responsible for 
breathing were depressed. Clearly, since the patient 
had a maximum breathing capacity of 190 L./minute, 
there was neither mechanical limitation to breathing 
nor depression of his peripheral neuromuscular 
mechanisms, and the lesion, by exclusion, must be in 
the central respiratory mechanism. This was con- 
firmed by several tests. 

1. The patient had an unusually sluggish respira- 
tory response to inhalation of CO» on four occasions. 
The respiratory minute volume increased to only 
14 to 21 L./minute even after breathing 7.5 per cent 
CO: for twenty minutes. Dripps and Comroe!* found 
that healthy young men responded to the inhalation of 
7.6 per cent CO; by increasing their minute volume 
to 52 L./minute (standard deviation +15.4). There 
was considerable individual variation in the response 


* Performed by Dr. David Drabkin. 
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of this group but the response of our patient was less 
than the mezn minus 2 standard deviation. Morton!? 
found that tke average minute volume during inhala- 
tion of 7.2 pər cent CO» in air was 50 L./minute 
(standard deviation +16.3) and that practically 
every subject developed dyspnea and headache during 
inhalation; our patient had no complaints during 
inhalation of 7.5 per cent CO; for more than twenty 
minutes, 

2. Starr ard associates!“ found that adrenalin® in- 
creases respiratory minute volume; this is believed to 
be due to direct stimulation of the respiratory center. 
Subcutaneous injection of 0.5 mg. adrenalin produced 
no change in respiratory minute volume in the patient. 

3. Our petient’s respiratory response to exercise 
was also pocr, and arterial Ossaturation fell markedly. 
(Table n.) This, added to the finding that ventilation 
was voluntary at a rate of 190 L./minute, suggests that 
the voluntary hyperventilation did not require 
participatior of the medullary respiratory center that 
is responsive to CO», acidosis or anoxemic reflexes, 
but that the hyperpnea of muscular exercise did. 

4. The patient also had an abnormal response to 
breath-holcing. He was able to hold his breath for 
ninety seconds and experienced no serious discomfort 
during this period. The test was discontinued because 
of the development of extreme cyanosis; arterial 
blood drawn after eighty seconds of breath holding 
showed the arterial Os saturation to be 35 per cent at 
that time and the Poco, 77 mm. Hg. This failure to 
respond to anoxemia strengthens the belief that the 
respiratory response to stimuli from the carotid and 
aortic chemoreceptors was also reduced. 

There seemed to be no depression of the medullary 
vasomotor center because the patent did not have 
postural hypotension and responded normally to the 
feet-down ilt and cold pressor tests. No neuro- 
physiologic abnormalities could be detected: the 
electroencenhalogram was normal and his pain 
threshhold * was within normal limits. 

We have studied many patients with severe anoxe- 
mia, acidosis and CO; retention in whom hyper- 
ventilation was not possible either because of mechan- 
ical limitation or because of narcosis. This is the first 
patient we have observed who was ambulatory, 
highly cooperative and normal with respect to 
physiologic tests of his lungs, yet who failed to respond 
to these sizmull. For this reason we believe he had a 
lesion in the region of the respiratory center. This 
lesion might be due to (1) thrombdóSes resulting from 
primary polycythemia or (2) a primary neurologic 
or cerebra. vascular lesion leading to chronic depres- 
sion of respiration, chronic anoxemia and secondary 
polycythemia. The chief complaint of hiccoughs, 
dating frem 1937, may be supportive evidence of 
the existerce of a lesion in the region of the respiratory 
center. Eawever, we have no way of determining the 
cause of tke lesion during the lifetime of the patient. 


* Testec by Dr. James Hardy. 
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We have followed up the patient for more than nine 
months. During this time therapy has included bleed- 
ing, mechanical hyperventilation continuously for as 
long as four days, O; therapy, diamox® and the use 
of sympathomimetic drugs which have a stimulant 
effect on the central nervous system. None of these has 


tion and pulmonary function studies gave 
normal results in all of these except for one in 
which the smbject appeared to have some co- 
existing emphysema; however, the arterial O2 
saturation was normal for a sixty year old man, 
both during rest and exercise. The patient was 


TABLE V 
ARTERIAL BLOOD STUDIES IN PATIENTS WITH PCLYCYTHEMIA VERA 





Arterial Blood Studies 





Oxz Saturation (95; 


Á—Ó M Ó———À— Matt ái Á—!MMMnÀ | tÓ——ÀÁÁ P À— Pee O MH MM | ————— —M———— [|————MÓ—MM M M | MÓM M M risas 


Initials 
of Patients | O; Content | Os Capacity 
(vols. 95) (vol. %) 

Rest Rest Rest 
W. B. 24.9 25.0 99.6 
J. McA. 26.3 26.9 97.5 
R. C. 27.4 28.5 96.7 
F. B. 20.7 21.2 97.4 
Y S: 17.8 19.3 92.3 
B. D. 26.8 2T. 95.8 
H. B. 21.1 21.8 96.7 
M. B. 23.0 24.7 94.0 
LT., 21.9 22.8 96.1 
H. R. 21.5 22.8 94.5 
M. K. 25.5 25.1 93.7 
P. S. 22.1 23.4 94.7 
E. V. 23.5 23.8 98.5 
W. K. 20.8 21.4 97.0 
P. M. 20.7 21.4 96.6 
M. N. 29.1 30.0 97.3 
L. W. 21.2 21.6 98.2 
H. W. 24.2 29:7 95.8 
G. H. 17.8 17.9 99.0 
D. S. 23.8 25.0 95.0 
C. R. 24.1 25.0 96.0 
A. L. 24.1 24.9 96.0 
C. B. 23.2 24.1 96.0 
F. W. 19.9 2T 92.0 


Pcoe H 
(mm. Hg) Digo 
Exercise 10095 Os* Bet 

"T 37.0 7.39 

PEE 34.5 7.42 
TT 38.5 7.40 
OP NEA 40.8 7.36 
RERUM 43.0 7.37 
eck lcd 41.0 7.35 
ATE 40.0 7.37 
— 36.0 7.48 
No TES 43.0 7.35 
dii. 41.8 7.37 
1001.5 42.0. 7.39 
95.4 100179 46.9 7.34 
100*1.81 28.0 7.45 
onto 46.0 7.37 
96.2 100*1.39 39.0 7.38 
95.9 100+2-3 35.5 7.37 
"E MN Or 36.3 7.45 
96.2 =f we "Nen DE 
98.4 100*1.67 38.5 7.40 
95:5- F dressa 41.0 Taal 
97.5 100+1.53 37.0 7.39 
92.0 100*2.56 37.0 7.37 
sid 100*13? 35.0 7.42 
98.0 |  ...... 42.0 7.38 





* Superscript refers to ml. O;/100 ml. blood in excess of that required to saturate hemoglobin (i.e., dissolved Oz). 


increased the resting ventilation or respiratory response 
to CO:. Arterial saturation was lower during the last 
study and we suspect that the depression of the central 
nervous system is not only irreversible but may have 
become worse because of chronic anoxia and CO; 
retention. 


PULMONARY FUNCTION IN PATIENTS WITH 
POLYGYTHEMIA VERA 


Over a period of several years we have studied 
twenty-four patients who satisfied the criteria 
of the hematology section for diagnosis of poly- 
cythemia vera. (Table rv. T) Arterial Os satura- 

T On request more complete data can be obtained from 
the Ámerican Institute of Documentation. 
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considered to have had polycythemia vera. 
(Table v.) 

In this zroup of twenty-four patients vital 
capacity was 80 per cent or more of the pre- 
dicted valve in twenty-three, maximum breath- 
ing capacity was 80 per cent or more of predicted 
value in seventeen and arterial Poo, was 43 mm. 
Hg or less in all but two. The ratio RV/TLC 
was measured in eleven patients and was nor- 
mal for the age group in all but one. Distribution 
of inspired gas was measured in nineteen and 
was normal in all. Arterial O» saturation was 
measured during exercise in nine; it decreased 
below the resting value in only one. The uptake 
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of carbon monoxide (a test of d-ffusion across 
the alveolar capillary membranes) was normal 
in all four patients tested. 

These studies are included to show that serious 
derangement of pulmonary funcion is the 
exception rather than the rule in polycythemia 
vera. A gross abnormality was found in only one 
(N. M.) of the twenty-five patients studied, 
and we cannot yet determine whether the 
pulmonary disorder was primary or secondary. 

Possible disturbances in pulmonzry function 
which may be caused by polycytherria vera are: 

1. Central effects: Depression of the respiratory 
center owing to sludging or thrombcsis can lead 
to CO; retention, anoxia and further central 
depression. i 

2. Effects on the lungs: An overload of the 
oxygenating mechanism has been postulated but 
probably does not occur because total O» trans- 
fer per minute is not increased in th s disease. 

A. Decrease in diffusing capacity: Emboh or 
thrombosis may decrease the pulmonary capil- 
lary bed and so decrease the diffusing capacity 
of the lungs. Vascular congestion mzy decrease 
the vital capacity and maximum breathing 
capacity, but should not impair diffi sion. 

B. Variations in the ventilation/blosa. flow ratios 
throughout the lungs: It has been suggested that 
increase in blood volume may open additional 
capillaries, increase blood flow in these areas 
and so distort the normal relationship between 
alveolar ventilation and pulmonary capillary 
blood flow.’ Embolization of part cf the pul- 
monary vascular bed would also leac to altera- 
tions in these ratios in different verts of the 
lungs. 

3. Effects on the thorax: Sluggish Hood flow, 
caused by increased blood viscosity might lead 
to easy fatigue on the part of the respiratory 
muscles and a reduction in maximum breathing 
capacity. However, many patients with severe 
polycythemia have a normal maximum breath- 
ing capacity. The maximum breathinz capacity 
will certainly be reduced in semicomatose 
patients or patignts sick from other causes. 

= lt appears important, despite the rarity of 
pulmonary and respiratory derangements in 
polycythemia vera, to measure pulmonary 
function more frequently in such patients, with 
particular emphasis on the reactivity of the 
respiratory center. Patient 4 of Newman et al.’ 
was obviously somnolent, lethargic and apathetic 
and patient 5 of the same series had an in- 
capacitating degree of lethargy. In such cases 
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central depression is readily recognizable. In | 
our patient there was no indication of central 
depression except for the inability of the respira- 


TABLE VI 
HEMOGLOBIN AND HEMATOCRIT VALUES IN PATIENTS WITH 
CHRONIC ANOXEMIA CAUSED BY PULMONARY DISEASE 


95 Arterial Oc 
Saturation 


Hematocrit 
(95 cells) 


Hemoglobin 


./100 mi. 
Number of (gm./ ma 


Patients 


— á——À— a | . | ————————— | ————— 


47.6 |32,5-56.0 


26.8-59.0| 13.8 4 
.8| 48.6 137.6-63.0 
8 
1 


2 9.2 

75.7 |70.2-79.9| 15.9 |9.8 

29 86.6 |80 —89.9| 14.2 |9.2- 
92.7 |90.2-95.5| 13.6 |9.8 


46.8 |35.0-57.0 
43.5 |32.0-54.5 


tory center to respond to certain characteristic 
stimuli. Our studies also indicate the value of 
making estimates of alveolar ventilation as well 
as measuring the minute volume of breathing. 


DEGREE OF SECONDARY POLYCYTHEMIA 
IN PATIENTS WITH ANOXEMIA 


Because chronic pulmonary disease with 
anoxemia and secondary polycythemia is found 
frequently in the same age group as is poly- 
cythemia vera, we believe it may be helpful to 
record here our experience with patients with 
secondary polycythemia to indicate the degree of 
polycythemia associated with chronic pul- 
monary disease. Our data are included in Table 
vi. We have excluded patients with right to 
left shunts associated with congenital heart 
disease or pulmonary hemangiomas; in these, 
the red blood cell count, hemoglobin and hema- 
tocrit values have been uniformly high unless a 
hemorrhage has occurred. In our patients with 
chronic pulmonary disease the hemoglobin 
values rarely exceed 16.5 gm./100 cc. and the 
hematocrit usually does not exceed 55 per cent. 
Factors which limit the polycythemic response in. 
patients with anoxemia caused by chronic pul- 
monary disease may be (1) increased arterial 
Poo, values, which occur in many patients with 
uneven ventilation in relation to pulmonary 
capillary blood flow, and (2) chronic pul- 
monary infection.* On clinical grounds alone, 


* Hurtado et al.!5 studying residents of high altitude, 
have found that the polycythemic response is depressed 
when anoxemia is severe (arterial Os saturation less than 
60 per cent). We have not observed a similar effect in 
patients w:th severe anoxemia owing to venous-arterial 
shunts at sea level. 
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if venous-arterial shunts have been excluded, the 
diagnosis of polycythemia vera is likely in any 
patient who has a hematocrit greater than 60 per 
cent and a hemoglobin which exceeds 17 gm./ 
100 cc. 

SUMMARY 


Pulmonary function studies on a patient with 
polycythemia, arterial anoxemia and CO»; reten- 
tion showed that lung volumes, distribution of 
inspired air, distribution of pulmonary capillary 
blood, alveolar-capillary diffusion and mechan- 
ics of breathing were within normal limits. The 
only respiratory defect was an inability to venti- 
late involuntarily sufficiently to arterialize the 
venous blood. By exclusion a diagnosis of specific 
` depression of the medullary respiratory center 
was made. It is not known whether the postu- 
lated central lesion is primary or is secondary 
to thromboses related to polycythemia. 

The respiratory and pulmonary disorders 
which might be caused by polycythemia are 
discussed. In our experience these have been 
infrequent. Data obtained in this laboratory 
on the degree of secondary polycythemia 
associated with anoxemia of pulmonary origin 
are summarized. 
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Adrenal Cortical Carcinoma Producing 


Solely Mineralocorticoid Effect’ 


LAURANCE V. Fove, JR., M.D. and Tuomas V. FEICHTMEIR, M.D. 


San Francisco, Califcrnia 


by adrenal cortical hyperfunction are 

frequently associated with varying de- 
grees of electrolyte and water imbalance. These 
abnormalities, consisting of sodium retention, 
increased potassium excretion, expansion of the 
blood volume and, frequently, kypertension, 
have been reproduced in experimental animals 
and man by the administration o large doses of 
11-desoxycorticcsterone! or with aldosterone.?? 
The metabolic and virilizing abnormalities 
typical of the spontaneously occurring syn- 
dromes are not produced by the experimental 
use of the mineralocorticoids. 

The production of electrolyte and water 
defects by adrenal cortical hype-function or 
tumors in the absence of the metabolic or 
virilizing effects has not been -eported. The 
authors had the opportunity of studying a 
patient with an adrenal cortical carcinoma pro- 
ducing solely mineralocorticoid effect, presuma- 
bly due to excessive aldosterone secretion. 


T* familiar clinical syndromes produced 


METHODS 


^. The patient was maintained on a diet provid- 
ing 5 gm. sodium chloride daily throughout his 
hospitalization. Daily collections of twenty-four- 
hour urine specimens were made and serum 
sodium, potassium, chlorides and CO; analyses 
were performed daily during each period of 
changing clinical state or therapy. Analyses 
made on the urines included sodium, potassium, 
chloride, creatmine, 17-ketosteroids and total 
or free corticoids. During pericds of relative 
stability in the clinical status these measure- 
ments were performed two to thres times each 
week. 

Blood volumes were determined by the radio- 
chromium-tagged red cell method.* Excretion of 


17-ketosteroid in the urine was measured by the 
method reported by Drekter et al.? The Porter- 
Silber method was used to measure urinary 
free corticoids and the method of Norymberski? 
was used to determine total corticoids (17- 
ketogenic steroids). 


GASE REPORT 


Patient H. W., a sixty year old Negro man, 
entered the hospital on November 20, 1953, com- 
plaining of inability to walk for the previous 
eight or nine days. He stated that he had been 
in good health until approximately eight months 
prior to entry when he noted the gradual onset of 
severe thirst, polyuria and polydipsia. His 
appetite remained good and there was no weight 
loss. Approximately nine days prior to entry he 
noted the onset of rapid progression of aching 
and weakness in all extremities. He became 
unable to lift his arms above the horizontal 
positicn or to lift his feet from the floor when 
standing. There had never been any previous 
similar episodes. 

On his three previous admissions (for hemor- 
rhoidectomy and anoplasty) dating from May to 
October 1953, the urine was consistently nega- 
tive for sugar and acetone, and fasting blood 
sugars were normal on two occasions. An electro- 
cardiogram taken in July 1953, showed “LVH 
with persistent high U waves.” The patient had 
been hypertensive on all previous admissions. 
The blood pressure ranged from 200/135 to 
176/110. The specific gravity of his urine never 
exceeced 1.009. Serum urea nitrogen and 
creatinine determinations were normal on two 
occasions. In July 1953, a twenty-four-hour 
urine specimen measured 3,520 cc. and the 
creatinine clearance was 81 cc. per minute: 

Physical examination revealed a well devel- 
oped, moderately obese, ruddy-faced, elderly 


* From the Medical and Pathology Services, Veterans Administration Hospital, San Francisco, Calif., and the Univer- 
sity of Califcrnia and Stanford University Medical Schools. 
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man (Fig. 1), complaining of severe thirst. 
Blood pressure was 175/112. 

The skin was warm and dry and the mucous 
membranes were very dry. There was no lymph- 
adenopathy and no venous distention. The 
eyegrounds showed moderate A-V nicking and 
generalized arteriolar narrowing. The lungs 
were clear. The heart was enlarged 3 cm. to the 
left of the mid-clavicular line in the sixth inter- 
costal space; rhythm was normal and no mur- 
murs were heard. The abdomen was soft, 
without striae or masses. The liver was 1.5 cm. 
below the right costal margin on inspiration and 
was non-tender. The spleen was not felt. The 
genitalia were normal. Deep muscle reflexes 
were markedly hypoactive, especially the biceps 
and quadriceps. Muscle power was markedly 
decreased without evident wasting. The patient 
was unable to rise from a sitting position. The 
sensory system was normal. 

Laboratory studies on entry were as follows: 
white cells, 7,800; differential: neutrophils, seg- 
mented 78 per cent; non-segmented 3 per cent; 
lymphocytes, 17 per cent; monocytes, 2 per cent; 


DECEMBER, 1955 





z ea w-———r—-—— n ATP 


We si 


| A 





" features. 


hemoglobin, 15.1 gm. per cent; packed cell 
volume, 42 cc. per cent; and corrected sedi- 
mentation rate, 11 mm. per hour. Urinalysis 
revealed a pH of 6.5; specific gravity, 1.005; 
albumin, trace; sugar, negative; acetone, nega- 
tive; and centrifuged sediment, negative. Kahn 
and Kolmer tests were negative. Blood chemis- 
tries were as follows: urea nitrogen, 10.0 mg. per 
cent; creatinine, 1.3 mg. per cent; fasting blood 
sugar (Somogyi), 71 mg. per cent; blood sugar 
two hours postprandial, 89 mg. per cent; al- 
bumin, 2.4 gm. per cent; globulin, 1.8 gm. per 
cent; total cholesterol, 222 mg. per cent; 
cholesterol esters, 134 mg. per cent; sodium, 
150 mEq./L.; potassium, 1.8 mEq./L.; chlo- 
rides, 90 mEq./L.; CO» 53 mEq./L.; serum cal- 
cium, 4.55 mEq./L.; phosphorus, 0.74 mM./L.; 
alkaline phosphatase, 3.8 units (King-Arm- 
strong). Arterial oxygen saturation 87.0 per 
cent; venous oxygen saturation 79.5 per cent. 
Fasting eosinophil count, 36 and 12 per cu. mm. 
on separate occasions. X-ray of the chest re- 
vealed only moderate left ventricular enlarge- 
ment. Skull x-rays were normal. Intravenous 





—— ———— ——————— — $$ ae — —— — 


EDU E un 
- HELL IZ 








1 
ve IH ET TT 
- Hi Tr SERRE eal i 


Im - 





————_ 


TI 


M THEE UU 


LUI. 





al of the right adrenal tumor. 


mov 


MEDICINE 


AMERICAN JOURNAL OF 


| | | | | 
1 | | 
LU IE 
A! i | 


| 
| 
Bee 1 EYES 15] 
| [ I5! ———— Y—n O | adsl —À 
- MEI | Je il 
Saar kakt s | 
$ ee | 





Foye, Feichtmeir 


—— norsveaso— Y — 
E TTL ee 









































| 
| | 

| HEATER YT CT TB 
x | | EE! \ ios 
2: Lou BEER HOY HU EE EMT 
O —H None 1 L : 
— i | ee a | 
cj | | | ial | | | 

|] $4 | | 

O F | | 
Q | | | | | | / | | 
z XUL CoN HUM DERE), 
c: | | tr i Eaa 
ad I 
3 EAE LXI LE TII TERA 
E 


-- 
I — lM 


MER TIR it AN EE 












£33 R 2p 

auiun 34e2/ bw 
= suain z 
SQ!ON31SOL39-4! || y = jandino anian -3»viN! aina) 296 
| Wi as 
$30!0211802 | os 


Fic. 2. Summary of observations preceding and immediately following re 


Adrenal Cortical Carcinoma—Foye, Feichtmeir 







: ' - j PE P "ey 
PN, uf REA 
P if oh JP PY, 
‘ "ug oe 4 My Vip ie 
GF M9 — ete 4 5 
A "n. TT E Vin NL ^4", 


- 







Ww 
EN 











3A 


a Pa May CORR 
2 j c£ 
a A Ne í 





cross-striations and cellular infiltration. B, after potassium replacement showing normal muscle. 


pyelograms showed a normally functioning up- 
per urinary tract with no evidence of renal 
displacement. X-rays did not reveal any evidence 
of osteoporosis. An electrocardiogram revealed 
low T waves in V, through Vs with depression of 
the ST segment and U waves in V» through V; 
and was thought to be compatible with left 
ventricular hypertrophy. Urinary 17-ketosteroid 
studies were repeatedly normal, ranging from 6 
to 15 mg. per twenty-four hours. Urinary 
corticoid excretions were constantly elevated, the 
values being 25 to 60 mg. per twenty-four hours 
(Norymberski method: normal range, 9.6 to 
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19.2 mg. per twenty-four hours). (Fig. 2.) An 
electroencephalogram was reported as being 
mildly, non-focally abnormal. The blood vol- 
ume was £3 cc. per kg. (normale 66 cc. per kg.). 
Biopsy of the biceps muscle revealed swollen 
fibers shewing fatty infiltration and chronic 
inflammation. (Fig. 3A.) 

The fluid intake and urine output ranged be- 
tween 5 and 7 L. daily and were not influenced 
by pitressin intravenously or subcutaneously. 
The urine output responded immediately to 
restriction of the fluid intake with a resulting 
severe thirst. 
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Fic. 4. Retroperitoneal air study showing tumor mass 
occupying area of right adrenal gland. 


On December 3, 1953, the patient was started 
on a regimen of oral potassium chloride, 100 
mEq. daily, with immediate and marked im- 
provement in his thirst, weakness and abnormal 
reflexes. This therapy had no effect on the fluid 
intake and output, the patient’s weight, the 
steroid excretion, or the fasting blood sugar. 
The serum sodium decreased to 145 mEq./L.; 
the serum potassium increased to 4 mEq./L.; the 
chlorides increased to 105 mEq./L.; and the 
CO, decreased to 30 mEq./L. The urinary 
excretion of potassium rose from 30 mEq. per 
twenty-four hours to approximately 100 mEq. 
per twenty-four hours. The electrocardiogram 
showed return of the T wave and ST segment 
changes to normal and considerable cecrease in 
the size of theeU waves. The arterial oxygen 
saturation jncreased to 91 per cent and the 
venous oxygen saturation decreased to 57 per 
cent. 

On January 4, 1954, a retroperitoneal air 
study showed a right suprarenal, triangular 
mass which was thought to represent an adrenal 
tumor. (Fig. 4.) 

On January 18, 1954, bilateral adrenal 
exploration by the lumbar route was performed. 





Fic. 5. Adrenal tumor. The cut section was of a canary 
yellow color. 


The left adrenal was found to be normal in size 
and appearance. However, there was a 4 cm. 
mass replacing the right adrenal gland which 
was completely removed. (Fig. 5.) On section 
this tumor was canary yellow and there was a 
normal medulla and a small amount of residual 
cortex tissue. This tumor consisted of three 
distinct cellular patterns. (Fig. 6.) The patient 
did very well following surgery and his thirst, 
strength, fluid intake and output, serum electro- 
lytes, fasting eosinophil count, blood volume, 
muscle biopsy (Fig. 3B) and electroencephalo- 
eram returned to normal. The urine 17-keto- 
steroids remained normal and the urinary 
corticoids dropped to a level of 20 mg. per 
twenty-four hours. The U waves disappeared 
from the electrocardiogram. The patient was 
discharged without medications on February 27, 
1954. 

The patient was readmitted on April 17, 
1954, because of return of his thirst, polyuria and 
polydipsia over the previous ten days. Physical 
examination revealed a blood pressure of 172/ 
128, pulse 82 per minute, temperature 98.4^r. 
The liver was 3 cm. below the right costal 
margin and slightly tender. The neurologic 
examination was normal. Physical findings were 
otherwise unchanged since his previous entry. 
Repeat hemogram, urinalysis, fasting blood 
sugar and x-rays of the chest and skull were 
normal. Serum potassium was 2.0 mEmq./L.; 
sodium, 165 mEq./L.; chlorides, 96 mEq./L.; 
and CO;, 45 mEq./L. The electrocardiogram 
at this time showed high U waves and the 
electroencephalogram again was diffusely ab- 
normal. Excretion of 17-ketosteroid, which was 
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Fic. 6A to C. Sections of the adrenal tumor showing the three predominant cell types which were later found in the metastases examined at autopsy. 


Fic. 7. Section of metastasis in the liver (autopsy specimen). 







Y 
E 


US 
NE 3 NW 


DECEMBER, 1955 





"ec A 
te 





A 
5 
i 4^ 3 
> 4 
A " y 
‘ 
LJ 
~ F 
N > 
pissi 


: $,- x 


e ss. @. 


972 


normal initially, rose terminally to the markedly 
abnormal value of 278 mg. per twenty-four 
hours and the urinary corticoid excretion rose to 
31 mg. per twenty-four hours (Porter-Silber 
method: normal, less than 1 mg. per twenty-four 
hours). The fluid intake and output ranged from 
2 to 5 L. per twenty-four hours. Fasting eosino- 
phil counts showed a decrease from initially 
normal values to levels of five to twelve cells per 
cu. mm. A twenty-four-hour urine specimen was 
analyzed* for aldosterone content.’ The resulting 
value was 12 ug. per 100 minutes (normal 4.8 per 
100 minutes), DCA equivalent. 

The patient was again started on treatment 
with potassium chloride supplements, with 
moderate improvement in his symptomatology 
and a return to normal of the 1 and U wave 
changes present on the electrocardiogram. 
However, his condition rapidly deteriorated and, 
on August 15, 1954, masses were felt in the liver 
for the first time and a x-ray of the chest demon- 
strated a markedly elevated righ: diaphragm. 
Five days later the patient died. Autopsy exam- 
ination revealed a huge right retroperitoneal 
tumor mass with numerous metastases to the 
liver (Fig. 7), lungs and bone marrow. The left 
adrenal gland was approximately half the 
normal size. ‘The metastases histologically 
resembled the cell types present in the original 
right adrenal tumor. 


COMMENTS 


This case of adrenal cortical carcinoma is 
unusual in several respects. 

1. The patient on entry had symptoms of 
severe hypokalemia and clinical findings at- 
tributable to an excess of mmeralocorticoid 
activity. At no time did the patient demonstrate 
the ‘‘cushingoid”’ facies or fat distri ution, striae, 
increased venous pressure, generalrzed edema or 
impaired carbohydrate metabolism. To our 
knowledge a case of adrenal tumor producing 
an isolated mineralocorticoid excess has not 
been previously reported. 

2. The severity of the hypokalemia was such 
that the patient was incapacitated by muscular 
weakness; reflexes were nearly absent; muscle 
biopsy showed degenerative changes; electro- 
cardiogram showed U waves and ST-T wave 
changes; electroencephalogram was diffusely 
abnormal and the arterial oxygen saturation was 
markedly decreased as was the arteriovenous 
oxygen difference. All of these findings reverted 

* Performed by Dr. John Luetscher. 


Adrenal Cortical Carcinoma—Foye, Feichtmetr 


to normal upon the institution of oral potassium 
chloride replacement therapy. 

The disappearance of the electrocardiographic 
ST-T abnormalities upon repair of the potassium 
deficit was quite unexpected since these ab- 
normalities had been attributed to the left 
ventricular hypertrophy which clinically per- 
sisted. However, these electrocardiographic 
findings reappeared during the patient's relapse 
and again disappeared promptly when potas- 
sium supplements were again administered. 
(Fig. 8.) 

The diffuse electroencephalographic abnor- 
malitv consisted of the presence of regular, slow 7 


to 7!3 CPS waves. The electroencephalogram 
became normal with potassium replacement but 
upon relapse it again became diffusely although 
mildlv abnormal. (Fig. 9.) This record was 
characterized by irregular, slow activity which is 
probably characteristic of a more severe 
metabolic defect than the original electro- 
encephalogram. These changes have been re- 
ported in untreated cases of Addison's disease or 
in Addison's disease treated only with DOCA.! 

The increase in the arterial oxygen saturation 
(from 87 to 91 per cent) and the arteriovenous 
oxygen difference (from 7.5 to 34.0 per cent) 
with potassium replacement suggests that the 
degree of potassium deficit interfered with the 
ability of hemoglobin to take up oxygen at the 
lungs and to release it to the tissues. One of 
us (T. F.) has since produced severe hypo- 
kalemia in normal dogs and found a similar 
decrease in arterial oxygen saturation and 
A-V oxygen difference which was corrected by 
potassium replacement. 

It is also of interest that during the severe 
hypokalemia a biceps muscle biopsy revealed 
muscle cell degeneration and lymphocytic in- 
filtration, whereas after potassium replacement 
a biopsy from the same muscle was normal. 

We postulate that the abnormalities described 
are due to hypokalemia, which in turn causes 
intracellular acidosis and thereby interference 
with oxygen utilization. The resultant tissue 
hypoxia readily explains all the abnormalities 
that were corrected by potassium replacement 
in this patient. 

3. Diabetes insipidus was among the diag- 
noses initially considered in this case. However, 
the severe electrolyte abnormalities and the 
failure of the constant polyuria to respond to 
pitressin, either intravenously or subcutaneously, 
rapidly eliminated this diagnosis as a possibil- 
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Fic. 8. Leads V3 and V6 showing the alterations in the ST segment, T wave and U wave with varying 
serum potassium levels. A, November 23, 1953 (on entry): K* = 1.3 mEq./L.; CO» = 53.0 mEq./L. B, De- 
cember 18, 1953 (potassium replacement): K* = 3.0 mEq./L.; CO; = 33.4 mEq./L. C, February 5, 1954 
(after tumor removal): K+ = 4.3 mEq./L.; CO: = 28.1 mEq./L. D, April 20, 1954 (relapse): K* = 2.3 
mEq./L.; CO» = 46.4 mEq./L. E, August 6, 1954 (potassium replacement): K+ = 5.4 mEq./L.; CO; = 


30.4 mEq./L. 
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Fic. 9. Representative segments of the electroencephalograms taken at different phases of the pa- 
tient's illness. The record of June 28, 1954, was made after potassium therapy had been instituted 
for relapse. The urinary steroid excretion at this time was markedly elevated. A, November 25, 1953 


(on entry): K* — 


1.7 mEq./L.; CO» = 46.2 mEq./L.; “mildly, diffusely abnormal due to regular 


slow, 7-71$ CPS waves." B, February 25, 1954 (after tumor removal): K+ = 3.7 mEq./L.; CO; = 
30.9 mEq./L.; “normal EEG." C, June 28, 1954 (relapse): K+ = 3.9 mE. /L.: OO: = 333 
mEq./L.; “mildly, diffusely abnormal due to irregular, slow, 6-7 CPS waves.” 


ity. The 5 to 7 L. urine output dropped imme- 
diately to belqw 2,000 cc. when water was 
withheld, although this resulted in severe thirst. 
We believed that the polyuria was secondary to 
the severe thirst and resultant polydipsia 
caused by the marked hypernatremia. The 
hypernatremia, thirst and polydipsia improved 
somewhat on potassium replacement and re- 
turned completely to normal upon removal of 
the adrenal tumor. A *'diabetes insipidus-like" 
syndrome characterized by thirst, polydipsia, 


polyuria, sodium retention and potassium loss 
has been produced in normal dogs by the 
administration of DOCA.? 

4. Throughout the initial phase of the pa- 
tient’s illness and for three months after his 
adrenalectomy the urinary 17-ketosteroid ex- 
cretion remained normal. Then coincident 
with the onset of his gradual decline the excre- 
tion values began to rise, terminally reaching 
the value of 278 mg. per twenty-four hours. 
Throughout his course the urinary corticoids 
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were elevated and returned to normal levels 
only during the three months following adre- 
nalectomy. Thereafter they rose to markedly 
abnormal levels. During this latter period 
urinary aldosterone assays were also elevated. 
Since aldosterone is not measured in the 
17-ketosteroid or corticoid tests, and since there 
was no evidence in this patient of any effects 
not attributable to mineralocorticoid activitv, 
we are unable to explain the source of these 
urinary steroids. 


SUMMARY 


A case of carcinoma of the adrenal cortex 
producing solely mineralocorticoid effect is 
presented and some of the manifestations 
briefly discussed. The abnormalities produced 
by the resulting severe hypokalemia seem of 
special interest and suggest impairment of 
oxygen transport and utilization, with inter- 
ference with cerebral, myocardial and muscle 
metabolism. ) 


Acknowledgmenis: Many people contributed 
to the study of this case. Our special thanks to 
Dr. Forrest M. Willett, Dr. Robert Fischer and 
Dr. Peter Lewis for their assistance and advice, 
to Miss Barbara Chapman for the steroid 
analyses, and to Miss Kay Hyde for the prepara- 
tion of the charts. 
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Spontaneous Hypopotassemia, 


Hypomagnesemia, Alkalosis and Tetany due 


to Hypersecretion of Corticosterone-like 


Mineralocorticoid’ 


Ivan J. MADER, M.D., and Lrtovp T. Iseri, M.D. 
Detroit, Michigan 


with concomitant disturbances of car- 
bohydrate and protein metabolism, are well 
known and are explainable by excess:ve secretion 
of adrenal cortical hormones.!^* No case, how- 
ever, has been reported in which the disorder 
: has been limited to the electrolyte metabolism. 
The present study describes a case of spontaneous 
hypopotassemia, hypomagnesemia, alkalosis and 
tetany due to hypersecretion of corzicosterone- 
like or aldosterone-like mineral corticoids. f 


; BNORMALITIES of electrolyte metabolism 
in classic forms of Cushing's syndrome, 


CASE REPORT 


R. G. (27817), a thirty-three year old Negro 
woman, was admitted to Detroit Receiving 
Hospital on January 24, 1954, becaus= of painful 
tetanic contractions of her hands of one day's 
duration. For approximately two moaths before 
admission the patient had noticed muscle 
weakness, pain and cramps, together vith numb- 
ness of the extremities, restlessness and nervous- 
ness. Six months previously, during the fourth 
month of pregnancy, she had noticed intermit- 
tent spasms of her hands. There was no history of 
vomiting, diarrhea or ingestion of ary medica- 
tions except occasional salicylate com»ounds for 
headaches. She had had mild hypertension for 
five years and ptriodic frontal headacaes for ten 
years. Twelve weeks prior to admission mild 


T Dr. Jerome W. Conn, in his presidential address at 
the 27th Annual Meeting of the Central Society for 
Clinical Research, described a case identical with the case 
presented here, and called it “primary aldcsteronism." 


pre-eclamptic toxemia of pregnancy had devel- 
oped kut the patient delivered a normal fetus 
three weeks later at another hospital. During the 
confinement, prior to delivery, the patient was 
slightly edematous and the blood pressure was 
elevated to 170/108 mm. mercury. The plasma 
sodium was 131 mEq./L., potassium 3.35 
mEq./L., chloride 94.5 mEq./L., CO; com- 
bining power 53.2 vol. per cent, serum uric acid 
7.0 mg. per cent, and blood non-protein nitrogen 
26 mg. per cent. Shortly after delivery, bilateral 
tubal ligation was performed. 

Physical examination revealed a well devel- 
oped and well nourished patient, acutely ill with 
obvious tetany. A grade 2 hypertensive retinop- 
athy was present. A positive Chvostek sign was 
elicited. The heart was slightly enlarged and the 
blood pressure was 170 mm. Hg systolic and 
90 mm. Hg diastolic. No masses or organs were 
palpable in the abdomen. There was no evi- 
dence o? Cushing's syndrome or adrenogenital 
syndrome. 

Tetany was readily relieved by rebreathing 
her own expired air from a paper bag, but the 
Trousseau sign remained positive. Biochemical 
studies, summarized in Table 1, showed the 
presence of hypopotassemic alkalosis with 
plasma potassium concentration of 1.6, sodium 
143, chloride 84, and CO; content of 42 mEq./L. 
The serum calcium was 4.25 mEq./L. by a 
standard chemical method and 3.95 mEmq./L. 
by the spectrographic method.’ The serum 
magnesium was 1.1 mEq./L. and inorganic 
phosphorus 2.7 mg. per cent. The arterial blood 


* From the Departments of Medicine, City of Detroit Receiving Hospital and Wayne University College of Medi- 
cine, Detroit, Michigan. Presented before the 27th Annual Mecting of the Central Society for Clinical Research, 
Chicago, Illinois, October 29, 1954. Supported in part by grants from the National Institute of Health, the American 


Heart Association and the Michigan Heart Association. 
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H was 7.5 and the derived pCO. was 56 mm. 
Hg. The blood urea nitrogen was 13 mg. per cent 
and the fasting blood sugar on the second day 
was 76 mg. per cent. Serum albumin was 
4.4 and globulin 2.3 gm. per cent. 

The initial urinalysis (uncatheterized speci- 


TABLE I 
BIOCHEMICAL STUDIES BEFORE AND AFTER TWENTY-ONE 
DAYS OF INTERMITTENT POTASSIUM CHLORIDE THERAPY * 


"S After 
Blood and Urine Values Initial Treatment 

Plasma Na (mEg./L.).......... 143 150 
Plasma K (mEq./L.)........... 1.6 a1 
Plasma Cl (mEq./L.).......... 84 101 
Plasma CO: (mEq./L.)........ 42 28 
Serum Ca (mEq./L.).......... 4.25 4.75 
Serum Mg (mEq./L.).......... DAL ssori 
Serum P (mg.95) .............. 254 2.6 
Blood DI rerne pee ee eee es ae petes 
Blood pCO: (mm. Hg). ........ 56- H er eee 
Blood urea nitrogen (mg. 95)....| 13 | ...... 
Eine pile: iene is EA ue Ooo MW sasata 


* 6 gm./day. 


men) show a specific gravity of 1.014, albumin 
2 plus, sugar 1 plus, acetone 4 plus, and 
white blood cells of 15 to 18 per high power 
field. Catheterized urine on the following day 
showed a trace of albumin, no sugar, no cellular 
elements and specific gravity of 1.004. The 
blood hemoglobin was 12.4 gm. per 100 ml., 
white blood count 10,500 per cu. mm., with 
71 per cent neutrophils, 15 per cent lymphocytes, 
9 per cent monocytes and 5 per cent eosinophils. 
The total eosinophil count was 283 per cu. mm. 
The phenolsulfonphthalein excretion was 25 per 
cent in twenty minutes. The electrocardiogram 
revealed flat to inverted T waves, prominent U 
waves, and prolonged S-T segment, indicative 
of hypopotassemia and hypocalcemia. Intra- 
venous pyelographic studies were normal. Pre- 
sacral air insufflation studies were also normal. 

The patient was given 20 ml. of 10 per cent 
calcium gluconate intravenously without al- 
leviating the positive Trousseau sign. Infusion of 
40 mEq. of potassium chloride solution produced 
no change in the degree of muscle irritability. 

After supplementary potassium chloride 
therapy of 80 mEq. per day, the plasma sodium 
was 150, potassium 3.7, chloride 101, and CO, 
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content 28 mEq./L. Muscle irritability, as 
judged by the Trousseau sign, gradually disap- 
peared and muscle strength improved markedly. 
Further s:udies were carried out to deter- 
mine the mechanism of these biochemical | 
abnormalities. i 


METHODS 


Complete metabolic balance studies for Na, 
K, Cl, Mg aad N were conducted for thirty days 
following readmission on May 6, 1954. Intake 
was analyzed by a double tray technic, wherein 
a duplicate tray of food and leftovers of an 
identical trav served to the patient were analyzed 
separately. ‘Three-day pooled samples were 
homogenized and aliquot samples were obtained 
for analysis. Stools and urines were also pooled 
and analyzed every three days. Calculation of 
intracellular balance was made by assuming 
extracellular confinement of chloride.9" Cor- 
rections for nitrogen balance were not made 
because of irs relative stability. 

Serial specific renal function studies, using 
inulin’ and para-amino hippurate clearances, 
were made with two to three ten-minute col- 
lections of urine.® On one occasion endogenous 
creatinine clearance X 0.9 was used to estimate 
the rate of glomerular filtration. Tubular 
reabsorption of water and electrolytes was cal- 
culated from clearances of inulin. 

Urinary steroid excretion studies * were made 
on twenty-four-hour collections of urine, treated 
with ammonium sulfate, acidified to pH 2.0, 
and extracced four times (one minute each) 
with n-butanol (or 2:1 ether-ethanol mixture). 
Blue tetrazolium reducing chromogens were 
determined by a modification of the method of 
Chen, Whesler and Tewell,!? with incorporation 
of an intecnal standard in the analysis and 
thirty-mintte color development. Phenylhydra- 
zine reduciag chromogens were determined by a 
modificatian of the Porter-Silber reaction,!! 
carried out.at room temperature with addition of 
an internal standard control in the procedure. 

Bioassay: of salt-retaining urynary corticoids 
were made according to the method described by 
Johnson, using log K/Na values.'? 

Sodium and potassium were determined by 


* These studies were undertaken by Dr. William Q. 
Wolfson of the Department of Medicine, Wayne Univer- 
sity College of Medicine. 

t The bioassay studies were conducted by Dr. Harry 
W. Hays of he Department of Physiology and Pharma- 
cology, Wayne University College of Medicine. 
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means of the Beckman flame photometer, ac- 
cording to the method described previously.?? 
Chloride was determined bythe method of 
Schales and Schales!4 for plasma and urine, and 
Whitehorn!5 for stool and food. Serum and 
urine magnesium was determined by the Titan- 
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presence or absence of intrinsic organic renal 
disease, are depicted in Figure 1. Each of these 
studies was performed after withholding potas- 
sium chloride supplements for five to twenty days 
before the test. Thus at the time of each test there 
was an acute lowering of the plasma potassium 
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Fic. 1. Serial discrete renal unction studies depicted in per cent of normal, showing gradual 
improvement in glomerular filtration rate and Tmpau in spite of persistently recurring hypo- 
potassemia. Each study was carried out five to twenty days after temporary cessation of potas- 


sium chloride therapy. 


yellow method, using starch colloid stabilizer.'® 
Stool and food magnesium was dezermined in a 
similar manner after digestion with perchloric- 
nitric acid mixture. Nitrogen was analyzed by 
the macro-Kjeldezhl method. 
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Fic. 2. Relationship of urinary volume to urine potas- 
sium excretion. 


RESULTS 


Renal Function Studies. Serial discrete renal 
function studies, carried out to determine the 


to subrormal levels. The initial study on Feb- 
ruary 9, 1954, revealed a markedly depressed 
glomerular filtration rate (GFR 55.5 ml./min.), 
a moderately depressed effective renal plasma 
flow (RPF 445 ml./min.), and a slightly de- 
creased maximal capacity of the tubules to 
excrete para-amino hippurate (Tmpay 63.1 
mg./min.). Within three months both GFR and 
lmpag were normal, but RPF remained low at 
70 per cent of normal. 

Since the patient showed a moderate degree 
of polyuria, it was necessary to determine 
whether or not this was a factor in the develop- 
ment of hypopotassemia. Figure 2 illustrates the 
relationship of urine volume to urine potassium 
concentration and potassium excretion, deter- 
mined during a metabolic balance study on a 
50 mEq./day potassium diet. Sharp reduction 
of urine volume from 3.05 L. per day to 1.20 L. 
per day by restriction of fluid intake resulted in a 
sharp rise in the urinary potassium concentra- 
tion from 11.9 to 25.5 mEq./L. The specific 
gravity of the urine rose from 1.003 to 1.010. 
With unrestricted fluid intake and a consequent 
rise in urine volume, the urinary concentration 


AMERICAN JOURNAL OF MEDICINE 


Hypopotassemia, Hypomagnesemia, Alkalosis ard Tetany—-Mader, Isert 979 


of potassium again decreased and the specific 
gravity fell to 1.002. The total quantity of K 
excreted into the urine varied very little with 
changes in urinary volume. (Excretion of 
magnesium was also independent of urinary 
volume.) 


300 mEq/d 


Plasma Potassium mEq/L 





NO K SUPPLEMENT K SUPPLEMENT 


Serum Magnesium mEq/L 





AFTER Mg SO, 


plasma potassium levels and a control twenty- 
four-hour urine were obtained. (Table 1.) The 
patient was then given 80 mEq. of KC] supple- 
ments per dzy for eight days. Urine collections 
were obtained daily for the first two days and 
three-day pcoled urines were obtained during 


Em 


K SUPPLEMENT 


Plasma HCO mEq/L. 


NO K SUPPLEMENT 





e 


PLASMA SODIUM mEq. /L 


NO k SUPPLEMENT 





K SUPPLEMENT 


Fic. 3. Plasma potassium, sodium and bicarbonate levels before and afterpotas sium supplements, and 
serum magnesium levels before and after magnesium supplements. 


Studies on Potassium Metabolism. During the 
ten-month period of observation potassium 
chloride supplements were given intermittently 
and plasma potassium levels were determined 
serially. (Figure 3.) When K supplements were 
withheld, the plasma level fell to values between 
1.8 and 2.8 mEq./L. On several occasions a fall 
to subnormal levels occurred within five days 
after cessation of therapy. With 80 mEq. of 
potassium chloride supplements per day, low 
normal levels were usually obtained, but occa- 
sionally during outpatient visits subnormal 
values were observed. Supplements of 250 mEq. 
per day for six days raised the plasma potassium 
level to 5.3 mEq./L. and supplements of 72 
mEq. per day had no effect on the plasma level. 

Immediately upon initial admission to the 
hospital, the patient was given a diet calculated 
to provide 60 mEq. Kt per day. Two control 
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the next taelve days. The diet and stools were 
not analyzed in this phase of the study. 

The initial urine contained only 3.34 mEq. of 
potassium per liter and the urine/plasma 
potassium concentration ratio was 1.86. On the 
following day, with institution of potassium 
supplements, the urinary concentration was 
still only €.28 mEq./L., with a U/P ratio of 
2.50. Therzafter, a potassium U/P ratio less 
than 4.1 was never observed. 

Estimating approximately 20° mEq. of K in 
the stool pzr day, there was a positive balance 
of some 55 mEq. of K per day during the eight 
days of KCI therapy and a negative balance of 
about 15 mEq. per day during the six days 
without therapy. The plasma potassium con- 
centration rose from 1.8 to 3.7 mEq./L. with 
therapy zad fell again to 2.7 mEq./L. after 
cessation 07 treatment. 
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Sodium diuresis occurred wsh potassium 
therapy. This was most marked et the onset of 
treatment and much less after five days. 

A more precise metabolic balaace study, in- 
cluding analyses of stool and food, was con- 
ducted four months later. (Table m Fig. 4.) 


TABLE I 
EFFECT OF SUPPLEMENTARY KCL THERAPY DURING INITIAL 
ADMISSION ON URINARY ELECTROLYTE EXCRETION 


: Plasma 
U 
e ii sa M 
Day | Supple- 
ment* 
(mEq) | Vol. |, K Na | C wal Ki ct] co: 


(ml) | mEq.) | (mEq.) | (mEq.) 


BASE 











1 1,360 5 ó 6 1.6|84| 42 
2 80 | 3,230] 20 103 117 1.8] .. 

3 80 | 3,290] 72 244 | 244 2.5 42 
4 80 13,617! 64 143 147 2.5]. 

5 80 3,617] 64 143 | 147 2.6 96| 35 
6 80 | 5617] 64 143 | 147 2 

7 80 |3,768| 72 81 97 " 
8 80 |3,768| 72 81 97 3.4 34 
9 80 |3,768| 72 81 97 is 
10 3,547) 49 36 57 vh 

i1 ,8,547| 49 36 57 n" 

12 3,547] 49 36 57 3.7 

13 3,243] 58 42 52 

14 3,243} 58 42 52 

15 3,243| 58 42 52 

16 2.71 92| 33 





* Diet = 60 mEq./day. 


Plasma potassium concentration remained sub- 
normal all during the first four periods, each 
of three days, with an average potessium intake 
of 50 mEq. per day. Urinary and fecal excre- 
tion of potassium was exceedingly _arge at first, 
amounting to 98 per cent and 70 per cent of 
the intake, respectively, but gradually de- 
creased with time. The extremely low stool K 
during period rv was undoubted-y due to a 
temporary delay in passage of stool, as indi- 
.. cated by the small quantity passec during this 
period and the large quantity durinz the follow- 
ing period. 

As to total external exchange o: potassium, 
negative balances of —82 and —1€ mEq. were 
observed during the first two periods, equilib- 
rium being established during tbe next two 
periods, even with persistent hypopotassemia. 
lotal sodium balance was markedly positive 
(+213 mEq.), and chloride balarce negative 
(—141 mEq.) during the first fou- periods of 


low potassium intake. Total magnesium balance 
was significantly negative (—51 mEq.) during 
the same interval. 

Calculation of extracellular and intracellular 
changes (Table rv, Fig. 5) revealed an early 
minimal loss of intracellular potassium and 


PERIOD ( 3 doy) | 1l ul IV V VI VI. Vil. IX X 





mEq./3 doy à j 
Ci DIET | LÍ SUPPLEMENT 
A URINE M STOOL 


EMIL. AMAT bep == = De uses 
"i 


PLASMA Na 
c e BALANCE 







BALANCE € 










Na - 200 


BALANCE s E iy a = -e aom 


mEq. /L 


Y SERUM Mg. 
zu 12 


80 
LM gi oce or rans SS DIRE rea eR MSN roto URN 


4or- “~e a 
Ped opem nd ~- 
BÓ € ——À 


20 











COO moet 
£00 PLASMA Cl 
mEq./3 doy 0 
+ 
I 
"uw: OE D Up DL bee 
Yi I E E, yyy 222 ff Wy ae ; yy 7, d 
we 430 “Vy 
gm, /3da. 
N + 
BALANCE 


R.G. 


Fic. 4. Gomplete metabolic balance of K, Na, Mg, Cl, 
and N during low and high intake of potassium. Stool 
Na excretion was so small that graphic representation 
was not 2ossible. 


continuous gain of intracellular sodium during 
the period of low potassium intake. No con- 
sistent change in intracellular water content 
was observed, but a slight decrease in extra- 
cellular water was noted. Chloride loss was of 
the same magnitude as extracellular sodium 
loss anc proportionately greater than extra- 
cellular water loss, reflecting the development 
of extracellular alkalosis. 

Results of changes during period v are diff- 
cult to analyze because of the administration of 
parenteral KCI and NaCl. 

During periods vr, vu and vin potassium 
intake was increased to 200 and 300 mEq. per 
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day with oral supplements. As was to be ex- 
pected, there was a sharp rise in plasma potas- 
sium concentration and a marked uptake by 
the cells, amounting to a total of .,020 mEq. in 
nine days. Urine K output increased in step- 
like fashion but was not sufficient -o prevent the 


TABLE 


peziod 1x, a markedly negative K balance and a 
fal in plasma potassium level to subnormal 
levels occurred, due to the continued high 
urmary excretion of potassium. Intracellular 
socium increased and extracelular volume 
decreased. During period x, with potassium 


IV 


DERIVED BALANCZ DATA 























Total Extracellular Intracellular 
- Period : 

Ode | Wt | Na | K | Mg] C | N [|HO| Na | K | Mg | EO| Na | K | Mg 

(kg.) (mEq.) (gm.) | (ml.) (mEq.) (ml.) (mEq.) 
E leor 47-82] 46 [1/9812 1:21 5:0:85| 83 | S| B2 No sl abe |S 93] 4a 
gt |+0.3|+ 90|— 18] ~11 1+ 13/+ 1.0|--0.06|— 14| -E O0 | —3 |+0.24| +104] — 18. — 8 
w oit 41-81 3 Baa elo I8 451 Se bI coon 323 de 3] m3 
wv | +0.2/ + 50| + 15| +12 | — 62/4 0.9 —0.45|— 58| — 3 | +2 |+0.65| 4-109 | + 18] 4-10 
v 1-14|4118| —. 7| —24 | 4- 8/— 4.7|—-0.29| + 10| — 5| —3 |-1.11} 4110] — 2| —21 
vi 141.2] 1721 4328] — 6 | — 40|4- 1.31 —0.65| —120| +10 | +2 |41.85| — 52| +318| — 8 
vu |-40.2| —145 | +407] —19 | -E238|— 0.2 41.431 --222| +16 | +1 |—-1.23] —365| +391] ~20 
vu | —0.1} ~131 | +327] + 5 | 105 |2- 3.31--0.57| + 99] +16 | 0 |—0.67| ~221/ +311] + 5 
x |—-1.2| + 91| -186| + 4 | —153/4 2.3|—0.86| -157| —29 | —1 |—0.34] +248/ —157] + 5 
x |+0.6]+ 23) + 54] +1 — 58|--10.3|2-0.39| + 30| +6] 0 |+0.21)— 7)+ 48] +1 


continued rise of plasma K to zupernormal 
levels. 

Concomitant with potassium udtake, there 
was a markedly negative balance for sodium 
(—430 mEq.). During period vi both the 
extracellular and intracellular compartment 
contributed to this negative balance; however, 
during periods vir and viru markedly negative 
intracellular sodium balance was a2companied 
by a positive extracellular balance. The extra- 
cellular volume decreased initially and then 
increased, whereas intracellular 7olume in- 
creased initially and then decreased later. 
Extracellular chloride gain was proportionately 
greater than extracellular sodium or water gain 
during periods vn and vin, reflecting the correc- 
tion of alkalosis and a rise in plasraa chloride 
concentration. 

With cessation. of KCl therapy during 


intaLe of 72 mEq. per day, complete adjustment 
and =quilibrium were noted. 

Acute studies on urinary potassium excretion 
were made serially during a prolonged period of 
obse-vation. (Fig. 6.) During the initial study 
(Feb-uary 9, 1954), shortly after the first 
admssion, filtration of potassium was markedly 
dimiaished due to the low glomerular filtration 
rate. Seventy-five per cent of filtered potassium 
was <xcreted and only 25 per cent reabsorbed 
by the tubules. With improvement in glomerular 
filtra ion to normal (March 30, 1954), the 
amount excreted into the urine decreased to 
59 per cent of that filtered, 41 per cent being 
reabsorbed. Even after.six months of normal 
GFR and Tmpay the amount of K reabsorbed 
was s.ill only 68 per cent of the amount filtered. 

During a sodium para-aminohippurate load 
(February 9, 1954), secretion of potassium by 
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the tubules was demonstrated, the amount ex- 
creted exceeding the amount filtered by 42 per 
cent. With improvement in glomerular filtration 
rate, sodium PAH load still produced an in- 
crease in potassium excretion, although this 
effect was less marked. 
Studies on Alkalosis. 


A plasma carbon dioxide 


PERIOD ( 3 days) 





titratable acic varied in the subnormal range 
from 11.4 to 17.0 mEq. per day. Alkalosis thus 
appeared to Cevelop in the presence of slightly 
acid urine, kut with subnormal excretion of 
titratable acids. 

Metabolic balance studies showed that during 
potassium therapy (vr vr, vrr) potassium 
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Fic. 5. Cumulative intracellular and extracellular balances cf K. Na, Cl and H:O, and 
plasma CO; and K concentrations during low and high intake of potassium. 


content of 42 mEq./L., initially found together 
with an arterial blood pH of 7.5, indicated a 
plasma CO; tension of 56 mm. of Hg, sub- 
stantiating the presence of metabolic alkalosis. 
During the various periods of observation 
plasma CO; content was elevated when KCl 
supplements were not given and was usually, but 
not zlways, within the normal range when ade- 
quate supplements were administered. (Fig. 3.) 

Development of alkalosis during potassium 
depletion was studied by analysis of the pH and 
titratable acidity of the urine. (Table v.) During 
the nine-day period of study on a 60 mEq. 
K/day diet, the plasma K fell from 3.5 to 
2.5 mEq./L. and the plasma CO» content rose 
from 32 to 37 mEq./L. Urinary pH varied be- 
tween the narrow range of 6.4 and 6.7 and the 
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entered the cells (4+-1020 mEq.) and sodium left 
the cells (—637 mEq.) at a ratio of approxi- 
mately 3:2. (Fig. 5.) Since the magnesium bal- 
ance during this interval was only slightly nega- 
tive (—23 mEq.), it might be postulated that 
approximately 360 mEq. of hydrogen ion 
emerged from the cells. Total extracellular 
bicarbonate content decreased, by approxi- 
mately only 40 mEq. during the period of high 
KCI therapv. 

Studies in Magnesium Metabolism. Serum mag- 
nesium leve.s, obtained periodically, were either 
low norma_ or, more frequently, subnormal. 
Magnesium sulfate supplements resulted in 
normal levels. (Fig. 3.) 

Balance studies with magnesium intake of 
12 to 14 mEq. per day showed a persistently 
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negative balance for twenty-cne days, due 
mainly to large quantities of magaesium appear- 
ing in the stool. (Table m, Fig 4.) Fecal loss 
was especially noticeable at the onset of the 
study and gradually decreased. The small 
amount of fecal magnesium and the apparent 
positive balance during period rv were due to 
2-9-54 
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Analysis of thermal sweat showed the follow- 
ing values: Na 6.6, K 6.3, CI 1.9, and Mg 0.5 
mEq./L., indicating increased adrenal cortical 
activity." Injection of desoxycorticosterone, 
however, failed to demonstrate a paradoxical 
increase in sodium excretion. 

Results of the analysis of urinary steroids are 
5-20| 9-16-54 


$-30 
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Fig. 6. Serial studies 5n urinary excretion of potassium. Asterisk indicates creati- 


nine clearance X 0.9. 


temporary constipation, as evidenced by sudden 
release of magnesium in the stool during the 
following period. Positive balance was attained 
only after period vit, concomitan- with replen- 
ishment of cellular potassium. 

Acute urinary excretion of mzgnesium was 

studied after restoration of normal GFR and 
Tmpan, using clearance methcds. (Fig. 7.) 
During the control period as much as 16 per 
cent of the amount filtered was 2xcreted into 
the urine, 84 per cent being reabsor bed. Infusion 
of magnesium sulfate at the rate of 0.9 mEq. per 
minute resulted in rapid rise of serum magne- 
sium levels and increase in the rate of excretion, 
due to increased filtration. The absolute quan- 
tity reabsorbed by the tubules remained rela- 
tively constant. 
.. Studies Pertaining to Adrenal Cortical Activity. 
The tendency to retain sodium and to lose 
potassium suggested the possibility of some 
abnormality if adrenal cortical activity, even 
though clinical evidence of typical Cushing’s 
syndrome or adrenogenital syrdrome was 
lacking. 

À glucose tolerance test after adequate 
carbohydrate intake for at least three days 
revealed a slight delay in return of the blood 
sugar to the control level. True fasting blood 
sugar was 67, one-half hour after ingestion of 
glucose—123, one hour—130, two hours—142, 
three hours—-50, four hours—-53 mg. per cent. 


given in Table vr.” Blue tetrazolium-reacting 
corticaids were increased significantly and the 
Porter-Süber (phenylhydrazine-reacting) corti- 
coids were only slightly elevated above normal. 
The difference of these two fractions, represent- 


‘TABLE V 
URINARY TITRATABLE ACID AND PH DURING DEVELOPMENT 
OF HYPOPOTASSEMIC ALKALOSIS 


Plasma . 
uq JL) CUPRA I, 2, 
Date Titratable Urine 
Acid (pH) 
K CO (mEq. /d.) 

Feb. 17 3.5 32 "ewe RM 
19 11.4 6.5 
20 Pas 15.4 6.5 
21 EM T 12.5 6.4 
22 3.1 32 v" x 
25 16.8 6.7 
24 zia x 17.0 6.7 
25 2.5 27 iat 2 
26 12:5 6.5 


ing the corticosterone-group of steroids was, 
therefore, significantly elevated. Likewise, the 
ratio of phenylhydrazine-reacting corticoids to 

* The statement that derivatives of 17 hydroxycorti- 
coids were increased, originally made in the abstract 


(J. Lab. & Clin. Med., 44: 895, 1954), is an error, due to 
miscalculation of the data. 
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this difference was 0.56 or less, indicating a 
preponderance of corticosterone group of ste- 
roids in excess of the cortisone group of steroids. 
Excretion of 17-ketosteroid was normal, being 
fairly constant on three occasions, 6.6, 8.8 and 
8.8 mg. per gm. creatinine. The Pettenkofer 
steroids were within normal limits. 
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above the nermal and indicated excessive 
excretion of sa.1-retaining steroids. 
COMMENTS 


The fact that hypopotassemia could be dem- 
onstrated ever. after return of both glomerular 
filtration rate and capacity of the tubules to 
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Fic. 7. Urinary excretion of magnesium before, during anc after intravenous infu- 
sion of MgSO, at 0.9 mEq. per minute for sixty minutes. 


Injection of 25 mg. of cortisone intravenously, 
complicated by a pyrogenic reaction, resulted 
in a marked eosinopenic response, from 280 to 
40 per cu. mm.; a rise in urine volume, from 
16 to 220 ml. per hour; a rise in urine Na con- 


TABLE VI 
URINARY CORTICOIDS * 





* Expressed as mg. per gm. creatinine. 
t Blue-tetrazolium reducing corticoids. 


Í Corticoids measured by  Porter-Silber phenyl- 
hydrazine method. 

§ Total 17-ketosteroids. 
centration, from 13 to 78 mEq./L.; a rise in 


chloride, from 25 to 101 mEq./L.; and a slight 
rise in potassium, from 21 to 26 mEq./L. 
These changes suggested a paradoxic effect of 
exogenous cortisone given intravenously. 
Bioassay of the urine obtained on two sepa- 
rate days, when KCl supplements had been 
discontinued, showed excretion of salt-retaining 
corticoids equivalent to 270 and 450 ug. DOCA 
per day. These values were definitely increased 
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excrete pare-aminohippurate to the normal 
range indice:ed that intrinsic renal disease 
probably wes not responsible for continued 
potassium los. Low GFR and T'mpaqg, originally 
present, were perhaps due to severe depletion of 
tissue potasszim.!? Hypopotassemia fer se had 
very little effect on GFR or Tmpag, as indi- 
cated by insmnificant changes induced by KCl 
loading and continued improvement, in spite 
of acute lowering of plasma potassium levels, 
just prior to zach testing. Although possible, it 
seems unlikely that the mild toxemia of preg- 
nancy, whica occurred eleven weeks prior to 
the initial szudy, was responsible for the de- 
creased GER. and Tmpay. The renal plasma 
flow, as mzasured by para-aminohippurate 
clearance, remained constantly subnormal and 
undoubtedly reflected the underlying vascular 
hypertensior which the patient had had for at 
least five yeers. 

The polyuria manifested by this patient was 
ruled out zs the cause of potassium loss by 
control stuc:es on urine volume. The patient 
became ex:rsmely restless during restriction of 
water intakz, although no significant changes 
in the plasma electrolyte concentrations could 
be detectea. 

It was apparent from metabolic studies that 
there was a tendency toward loss of potassium 
in the stoo. and urine. The gradual decrease 
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in this tendency during the first four periods on 
minimal intake of potassium suggested either 
(1) a gradual decrease in the stimuli for elimina- 
tion of potassium, possibly because of hospital 
confinement, cr (2) a metabolic lag period from 
higher intake prior to the onset of the study. 
The latter possibility was unlike_y in view of the 
marked delay of potassium balance in reaching 
an equilibrium and the estimated K intake of 
only 15 to 20 mEq. per day mcre in the home 
than in the metabolic diet. 

An intake of 50 mEq. of K >er day should 
have been adequate for positive balance and 
correction of hypopotassemia, :n view of the 
rapid uptake of K observed im two cases of 
catharsis-induced hypopotassercia studied by 
Schwartz et al.18 The. fact that this patient 
failed to retain potassium and correct her 
hyperpotassemia on a 50 mEq. K diet implies 
a definite abnormality in potassium metabolism. 

Renal loss of potassium may be attributed 
either to excessive secretion or cecreased reab- 
sorption by the tubules. The net quantity 
“reabsorbed” by the tubules wes only 68 per 
cent of the amount filtered, even after GFR 
and Tlmpag had become normal This was dis- 
tinctly below the normal of 80 pe- cent reported 
by Earle et al.!? 

Failure of the tubules to reabsorb K at a 
normal rate was apparently temporary, since 
immediately after the initial admission, when 
K depletion was undoubtedly the most severe, 
the urine-plasma potassium concentration ratio 
was as low as 1.8, a value usually not attained 
even in severe potassium depletior.”° 

Thus it appeared that some common factor 
was causing potassium loss from tne bowels and 
the kidneys and that this factcr had a self- 
limiting influence on tubular rejection (or 
excretion) of potassium. 

Concomitant with the tendency toward 
potassium loss and hypopotasserria, there was 
a distinct tendency toward sodiam retention. 
Random plasma sodium concentrations were 
usually but not always elevated above normal 
and metabolic studies showed retention of 
sodium during low K intake and toss of sodium 
during high K irtake. 

Calculations showed that thes: changes in 
sodium balance occurred primariy within the 
cells, affording an explanation for the absence 
of edema in the face of sodium reteation. During 
K depletion and sodium retention, the extra- 
cellular fluid actually decreased; while during 
K repletion and sodium loss, the extracellular 


fluid increased, after a temporary unexplainable 
decrease for two to three days. 

Development of alkalosis was undoubtedly 
related to potassium depletion?*?? and since 
total titratable acids in the urine during potas- 
sium depletion were subnormal, extrarenal 
factors were probably at least partly respon- 
sible. Maintenance of an alkalotic state by 
persistent hypokaliemia must have been due to 
renal secretion of hydrogen ions.?? 

Metabolic studies revealed a large increment 
of fecal magnesium at the onset of hospitaliza- 
tion and a gradual decrease with confinement. 
Since the intake of magnesium was critically 
low (14 mEq./d.), the negative balance initially 
observed in this patient may have simply 
reflected an insufficient intake; however, the 
equilibrium attained during the last nine days 
of study (after increase of body potassium) 
suggested at least a temporary defect in mag- 
nesium metabolism. 

Reabsorption of magnesium by renal tubules 
appeared to be somewhat impaired, as judged 
by the subnormal net reabsorption of filtered 
magnesium by the tubules. It would appear 
from data given by Heller et al.*4 that normally 
at least 95 per cent of the filtered magnesium is 
reabsorbed by the tubules. In the present case 
only 84 per cent was reabsorbed. 

No symptoms could be ascribed to the hypo- 
magnesemia per se, although the patient herself 
volunteered the information that headaches 
were alleviated by supplementary intake of 
magnesium. Muscular irritability, as judged by 
a positive Trousseau test, was apparently not 
caused by hypomagnesemia, since the test 
remained positive despite correction of the low 
serum magnesium level. 

The entire picture of hypopotassemic alkalosis 
with retention of sodium, found in this patient, 
could be explained adequately by excessive 
secretion of adrenal corticoids; however, the 
absence of clinical features of Cushing’s or 
adrenogenital syndromes suggested the possi- 
bility of oversecretion limited to the mineral 
corticoids. Chemical analysis of the urine indi- 
cated a preponderance of corticosterone or 
corticosterone-like hormones with unaltered or 
desoxy-17-carbon. Since corticosterone itself, 
when injected into rats, does not produce 
sodium retention,!? it was most probable that 
the fraction found in the urine by chemical 
analysis and the salt-retaining component 
demonstrated by bioassay technic was not 
corticosterone but a corticosterone-like steroid 
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with unaltered 17-carbon. It is probable that 
this salt-retaining steroid was aldosterone.?5:?6 

A case of hypopotassemia presumably due to 
excessive loss of potassium in chronic pye- 
lonephritis has been reported by Cope and 
Garcia-Llaurado,?? and Evans and Milne.?* A 
significant amount of electrocortin (aldosterone), 
with salt-retaining activity, was isolated from 
-the urine of this patient by paper chromatog- 
raphy." It is possible that hypopotassemia 
developed in this patient and also perhaps in 
the patient reported by Earle et al.!? as a 
result, in part, of oversecretion of salt-retaining, 
potassium-losing steroid. The renal dysfunction 
in these cases may have been secondary to 
severe chronic potassium depletion.?? 

A case presented by Conn* at the 1954 annual 
meeting of the Central Society for Clinical 
Research had clinical features identical with 
those of the case reported here and presented 
at the same meeting.?? The increased urinary 
salt-retaining activity found in the present case 
corresponds with that found by Conn in his 
patient, and the term "primary aldosteronism" 
appears to be quite appropriate, especially in 
view of the studies made by Cope?’ in a case 
probably essentially identical with that of Conn 
and our case. 

Paradoxic sodium diuresis was found by Conn 
two to three days after administration of either 
hydrocortisone or adrenocorticotrophic hor- 
mone, coincident with increase in excretion of 
17-hydroxycorticoids. In the present case in- 
travenous injection of cortisone resulted in a 
fall in the blood eosinophil count, and an 
immediate outpouring of urine with a marked 
rise in urinary concentrations of sodium and 
chloride and a slight rise of potassium. Such 
responses suggested opposing effects of the 
17-hydroxy corticoids as against the action of 
the corticosterone-like salt-retaining steroid 
directly within the renal tubular cells.?! 

Whether or not aberration of magnesium 
metabolism, demonstrated by this patient, was 
due to oversecretion of corticosterone-like salt- 
retaining steroid (presumably aldosterone) can- 
not be determined; however, the tendency 
toward fecal as well as renal loss of magnesium 
suggests the presence of some humoral or hor- 
monal factor operating at both loci. The studies 
on magnesium metabolism after injection of 
adrenocorticotrophic hormone have been in- 
conclusive.?? This may be due to the fact that 


* See footnote on page 976. 
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ACTH appears to have very little effect on the 
secretion of tre specific mineralocorticoid.?? 


SUMMARY 


A case of spontaneous hypopotassemia, hypo- 
magnesemiz, alkalosis and tetany is presented. 
Metabolic studies indicated excessive excretion 
of potassium and magnesium in the urine and 
stool, and concomitant retention of sodium. 
Potassium supplements resulted in uptake of 
potassium and loss of sodium from the cells. 
Alkalosis was attributed to potassium depletion. 
Evidence is presented that organic renal disease 
and polyuria fer se were probably not the 
primary causes of potassium loss. 

Studies of the urine revealed increased excre- 
tion of cort:costerone-like steroid by chemical 
tests and increased salt-retaining corticoid by 
the bioassay method. The entire picture could 
be explainec by oversecretion of corticosterone- 
like minera. ocorticoid, presumably aldosterone. 
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ADDENDUM 


On February 28, 1954, the patient was oper- 
ated upon aad the left adrenal gland, containing 
a cortical :umor, 2.5 cm. in diameter and 
6.5 gm. in weight, was removed. The normal 
portions of the gland appeared atrophic. 
Microscopic examinations showed an active 
adrenal cortical tumor tissue, resembling the 
cells of both zona glomerulosa and zona 
fasciculata. Bioassay of the tumor extract 
revealed a salt-retaining factor equivalent to 
27 ug. of LOCA per gm. of tissue. Dr. Albert 
Wettstein, of Basle, Switzerland, graciously 
analyzed tae extract chemically and found 
1.4 ug. of zldosterone and 33 yg. of corticoste- 
rone per gm. of tumor tissue. Preoperative 
twenty-four-hour urine contained 16.8 yug. of 
aldosterone- These values agreed well with the 
bioassay results. 

Subsequent to surgery, the blood pressure and 
the biochemical abnormalities have become 
normal, im»licating the tumor etiologically. 

A tumor was also found in Conn’s case.*4 
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